


TRANSACTIONS 
of the 

NATIONAL ACADEMY OF SCIENCE 
and TECHNOLOGY 

1983 
Volume V 

Published by 
THE ACADEMY 

Bicutan, Taguig, Met ro Manila 
Philippines 



National Academy of Science and Tcdmology 
Binitan, Taguig, Metro Manila 

Philippines 

Copyright 1983 b:v· 
The Nat i<•11:tl AL·;1demy of Science and l c'<.:htwlo~ ~-

1111 ki.f!./1t.v H,, ·scn•eJ 

Nu p;irl or this bnok may bc repruduccd without w1ill('n pl'n ll!SSWll l'rnm l11c 
,\ cademy . L!X c cpl ft11 hriel· cxt;L'rpls or quotations 111 connection w1lh th~ i cxt nf a 

wriltcn papi.'r 111 ho(lk. 

ISSN 0 I 15-8848 

Printed in 
THE REPUBLIC OF THE PHI U PPINES 



CONTJ::NTS 

Agrarian Re l'orm Rel'isitcJ: St11nc P( ii icy I rnplications 

AM ANDO M. DALISA 't. 

/)iscussa11t 

Pedro Sand,1val 

Rural i::kctrifi(·atiu11 and Feriilil/ Clian~e in Misarnis Orie11tal. Pliilippi11cs: 
A Ca~e Study on the Demo~raphic Impact nt' Rur:il Develnp1~1cnt 
Programs . 

ALl:.IANDRO :\. HE!rn lN 

Disn 1.\sCT11 I 

Vii.:rllll' B. Payueu 

Structural Ch:1ractc rizatio11 or Finite Tnpoluglt:al Graphs 

SEVERINO V. GE RV ACIO 

The Rubella Antibody Status of At.lulcscrnl Gi rls in Philippine Rural 
anJ Urban ('(Immunities (I 98 l -l'l82) . . . ... . . .. . .. . .. . 

Fl: DH MUNDO. WILMA ECO and VERONICA CHAN 

Discussant 

Urbano A . Mcmln7a. M.D. 

Strategy for Medical Research i11 thl' PltiUppines . . ... .... .. .. . 

CEMJ\IANO T. DE OCAMPO 

Disc ·11.\·sa 11 rs 

Alberto S. Rnmualdcz, J r. 
Angelina A. Lit onio 

A f'ompar:.itive Study on the Effccl of Mass Treatment of the Entire 
Community and Sckctivc Treatment of Children on the Total 
Prevalence of Soil-Transmitted Helminthiasis in Two Communities, 

75 

87 

~v11ndoro, Philippines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 7 

BENJAMIN D. ('AB RE RA and A.C. CRUZ 



Discussants 

Edito G. Garcia 
Bonifacio C. Dazo 

Mutagenicity and Clastogenicity Potential of Mexaform ........ . .. ... . 

MA. CECILIE L. rLORES and CLARA Y. LIM-SYLJANCO 

Migration. Modernization :rnd Hypertension : Blood Pressure Levels 

129 

in four Philippine Communities . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 

ESPERANZA l. CABRAL. ROBERT A. HACKENBERG, BEVERLY 
H. HACKENBERG, llENRY F. MAGALlT am! SANTIAGO V. 
GUZMA' 

Discussant 

Santiago Y. Guzman 

Clinical Spectra of Primary Nephrotic G!omerulopatbics: A Compnrntive 
Analysis Based on l 02 Biop~iccl Children . . . . . . . . . . . . . . . . . . . . . 16 7 

CARMELO A. ALFJLER, ELEN CHUA, CYNTHIA BALZA-GOMEZ, 
SUSIE RANCHES. ALEX TUASON. EMELITA LAZARO-LEH, 
EDFLMINA SANTIAGO, LORNA DJDELES and NOEL CASUMPA.t'\'G 

Discussant 

Benjamin D. Canlas, Jr. 

Influence of Chromosome Number of Caffeine Inhibition of DNA 
Repairs I. Mutation frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 l 

JOVENT!NO D. SORIANO 

Discussant 

Adoracion T. Aranez 

Experiments ou Padng Under Fixed-Ratio and Variable-Interval 
Schedules of Reinforcement . . . . . . . . . . . . . . . . . . . . . . . . . . 191 

ALFREDO V. LAGMAY 

Discussallt 

F.G. David 

An Assessment Study on the Sea Vegetable Potentials in Panay Island 
with Emphasis on Caulerpa Peltata var. Macrodisca . . . . . . . . . . . . . . . 21 l 

PACIENTE A. CORDERO, JR. 

ii 



Disc11ssa111 

Magdalena C. Cantoria 

A Comparative Study on the Cage C11l t11 rc of Tila111(1 .. Viloticu and 
Tila11ia .1\'ilulica x Tilapia Aurrn I lybrid in Ll)!Ull;I Je 13a} 

RAh\F.L D. CUERRERO Ill 

/Jisc11ss1111r.~ 

Tc1 eso A. Ahella 
Antonio M. Bautista 

... . .. 2 17 

Prnjcctions on the Coconut as a Source of Liquid Fuel . . . . . . . . . . . . . . . 225 

JULIAN A. BANZON 

/)is cu ~:.a 11 t 

Juan Q11csad::i. Jr. 

F.sscnl1al Oil of Diplerowrpus grand(!loms l3J a11ct> : Che111ist1y and 
Pqs.~ihle Snurces of E11ergy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 33 

LUZ 0. BELARDO, BRIA!\ \1 . LAWRENCE. ARMANDO 
CORONEL and MARIA FF MATA 

/)isc11s.1·a11ts 

Magdalena C'. Canloria 
Julian A. Banzon 

Conotoxins Acting <>n the Acetylchulinc Rc..:q>tor: 
A Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247 

LOURDES J . CRUZ 

f)i~c11ssa11ts 

Clara Y. Lim-Sylianco 
Edgardo Gomez 

Recent T rrnds in Elcciroanaly tical Chemistry . . . . . . . . . . . . . . . . . . . . . 255 

VICTORIA A. VICENTE 

Discussants 

Apolinar S. Lorica 
Amando Kapauan 

iii 



Laboratory-Scale Production of Cellulase, Glucoamylase and Alpha-
Amylase ....... .. ................ _ ...... _ . _ ..... _ . . 265 

ERNESTO J. DEL ROSARIO 

Discussa11ts 

Lydia Joson 
Priscilla C. Sanchez 

Studies on the Biomethanation of Rice Straw 

LUIS Z. AVILA, ELIZABETH C. BUGANTE and WILLIAM 
G. PADOLJNA 

Discussants 

Julian A. Banzon 
Romeo V. Alicbusan 

iv 

289 



SOCIAL SCIENCES 





Tram·. /Vat. A cad. Science 
& Tech 11ol. 1983.5: / -24 

AGRARIAN REFORM REVISITED: SOME POLICY IMPLICATIONS 

Amando M. DaJis::iy 
Cent<'r for Fo/ie1· and /Jcvelopmcnt Sw<iie" UP at I.o~ Halios. Colfrge. 

f.ag11na. Philippines 

Introduction 

More 1ha.n ten yc:irs have passed since thc.> adopUon of Martial Law and the 
issuancL' of Pn•sidential Decree No. 27 libernting lhc farm wurkers from the bond
age of tile soil. And ~1hout twenty years have elapsed sin..:c the approval of the first 
Agricultural Lrnd Rcl'onn Code in IQ63. It is now time that our people look back 
and reassess the country's accomplishrncnls in agrarian 1eCorms in the light of 
policy goals set by reio.rm legislation and the performance under martial !av.- admin
istration. 

Thl' JH)lky goals set by agrarian reform let;!iSlal i1111 approved in 1963 arc quite 
defini1e i11 r('gard 10 \he redislribution of large landholdings :rnd the provision of 
assistance to small formers and landkss workers. However. the slow and unsatis
factory implcmcntatio11 of' land redistribution and the l:.h.:k or llnarn;ing for refor111 
beneficiaries have forced the Congress tu :1111cnd and approve R.A. No. 6389. r1ow 
known as the Code of Agrarian Kei'onn. on September l , 1971. The new code r('
affirmed the goals of agrarian land reforms and provided for lht! organization of the 
Department nf Agr:.iria11 Rcfom1, which is vested \vith the powers <lnd functions of 
land refurm implementation. 

The implemcnta1 ion perfonna11cc or the Mi.nist ry of Agrarian Reform is quite 
laudable and impressive in the setting of agrarian n>ntlicts and soL'ial unrest in the 
l::ist decade or so, and quite outstanding and for-reJching in terms of breaking up 
the huge landholdings anJ red isl rihut.ing them in small p:.ircels to their occupants. 
The massive break-up or h1rge landowner forms in ;ice and corn crops and their 
(:Olilpu.lsory redistribution to their tiller·occupants is a distinct nationwide accom
pLishment which, set against the objectives of rnanial law adminisl ra lion. provides 
an exemplary manikstation of the political will in b ringing about the rnuch-dclaycd 
social justice through agrarian rcfonus. Such remJrkablt: ~ccurnplishmenl must 
nevertheless be evaluated in relat ion to the primary goals of the Code of Agrarian 
Reform on 1971 and the socio-political dim<.'nsions of Martial Law administration. 
or the avowed purposes of the New Society. Has agrarian reform served as the 
com<>rslonc of the New Society? Are the benefits of land redistribution likely tu 
contribu to to an integrated rural development? Wl10 are the real beneficiaries of the 
agrarian reform programs? 
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In attempting to answer these questions we would have helped in arriving al 
a serious ::ippraisal of agrarian reform accomplislunents. as seen in the light of public 
policy objectives and the goals or the New Society. Perhaps an impartial evaluation 
of the land reform programs couJd lead to an examination of the desirable policy 
alternatives and the programs 01 measures that should concretize or operationalize 
a feasible unified strategy, either by policy concensus or by gradual increments to a 
policy option th:it would merit popular support. ln any case, :i careful exa111im1tio11 
and assessment or the steps taken in the late 60's and during the ?O's might lead the 
policy-makers an<l administr~tors 10 evolve action programs that would have rele
vance in the 80's anti beyond. 

The Achjevements of Agrarian Reforms in the Decade of the ?O's 

The accomplishments of the agrarian reform program in the ?O's ;ire integral 
components of the performance of the marti;il law aJmi11istratiun inaugurated in 
1972, barely two years after the approval of the Code of Agrarian Refomi. These 
accomplishments, in their totality. form the cornerstone of the New Society . In ti 1e 
words of President ferdinand Marcos. 

"It (land reform) shall be the central point. the beacon to
wards which all programs of government must converge. The 
other programs must provide support to land reform. Our goal is 
to effect the nwst equitable sharing or all the wealth derived from 
our lands . 1 

With the :ibove statement the Prcsi<lenl also made certain commitments. such as 
making the whole province of Nueva Ecija a land-reform ::irea. wrectJy to revise 
their rules and rcgula tions governing financial assistance to small fanners, creating 
a separate single-line department of land reform. and generating adequate funds to 
suppon !;ind reform. 

An evaluation Df the accomplishJTJents ur agrarian reforms in the New Society 
maybe made in the light of the socio-economic issues raised before the imposition 
of martial law and from the standpoint of the larger issues of an integrated 
approach towards ag1icultur:tl and rural developmen t without which no program f'or 
agrarian reforms could be successfuIJy undertaken. 

Perjbr111ance willer land refnrm impleme11tatio11 

The implementation of land redistribution in terms of landholdings transfer
red to the tillers, the number of leaseholds completed, and the number of farm lots 
tilled, or granted CL T's and the amount or compcHsation made to farmer land
owners. In additi\.ln. the number of settl~rs and areas occupied in land settlement 
projects are part of the land redistribution program. 

I From the address of President Rrdinand E. Marcos at the closing eercmoni~s of the 7th 
Anniversary of Land Reform at the SS Building. Quezon C'ity, August 8. J 970. 
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I. !'lumber of CL rs completed 

Total area covered in ha. 
Number of CL rs issued to tenants 
Are;i covered by CLT's issued 

' Lant.I valuation an<l compensation 

a) C'lai111s received and verified by MAR 

Clai111s verified an<l completed 
i\reJ of dai.J11s verified and cornpktcd 
Number of landowners involved 

b) Claim~ l ra11smittcd to tlic Land B:.111k of 
the PhiltJ'pincs 

Number of tcn:ini~ with t:<Hllpktc'd l·laun~ 
(0111 of a tot:.11 3%.082) 

Arca <lf l:1ndhulJi11!1~ i.nvolvc<l 
I'< umber of landowners involved 

c) Approved by Land Bank for payment 

!\umber of tenants approved for payment 
Arca of holdings involved 
Number of landowners involved 
Cost of l<llld trnnsferrcd 
l'a~h payments made 

3. hnancipatiun p:itents issued to those who 
have paid in full 

Number of tenants issued patents 
Number llf patents issued 
Arca covered by patents issued 

4. l.ca~clwl<l co1Jtr:ic.ts for 1cnants 

(completed a~ well as im:omplctc) 

Numb.:r ot' tenants with conlrac:ts 

Arca with leas\! contracts 

5. Settlement projects admi11istcrc<l and 
undertaken by MAR 

a) Number of projects administered by MAR 
l:sti111atcd area of settlements 
Number of settler fam il ies 

55fi.l l4 

730.734 
52.">.lb3 
624.723 

3% OIQ 

119 ,:221 
I ')2.787 lia. 

6.949* 

113.704 
i84.189 ha. 

b.598* 

XX.3.21 
I 71 .236 ha. 

6.057 
f I .243M 

t' I 8.2M 

I ,684 

2.478 
1,539 ha. 

544.285 
SCJ0,455 

43 
708.750 ha. 

4 7 .43 I 

"011! of a total of 49.22 1 landown~rs a ffuctcd by land trans for 

3 

',:: of total 

94~: 

85~.0 

JO•;;. 

26% 
14~'< 

29'ir· 
~5':7r 
I 3;,(. 

.,~,., 
__ _ r( 

") ~l't1 
,,:......) /(• 

12','.; 

0.43'1<, 
0.43'/i 
o.2rn 

89~:. 

81 ',~ 
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b) Settlements established in Regions IX and 
XU for rebel-returnees and their families 

Numher of settlements established 
Number of families resettled 

c) World Bank-financed scttlemenl projects 
Number of projects 

Arca wvered in ha. 

11 
5 .092 

3 (Bukidnon. 

77.000 

Agusau <lei Sur 
& Capiz) 

Program components: in frastructure. land and forest development. rural 
health services. aml food rationing. 

6. Other supplementary projects 

a) Compact farms established by ACTA 
Number of compact farms 
Number of farms involved 
Arca of compact farms 

b) Cooperative fa1111ing 

685 
20.448 
37.%0ha. 

Two fully established cooperative settlements one in Nucva Ecija and 
another in Magalang, Pampa.nga 

Thirty agriculturists arc under training for the management of additional 
cooperative farms in different regions. 

c) c · · · b · d · f <l m· tl1e oopcratm: orgamzatrnn - to c orgaml-c m compact arms an 
settlements to be consolidated later into cooperative federations. 

lnterpretatio11 of acco111plish111ents 

Although the transfer uf ownership to the tillers (tenants) on large holdings is 
deemed completed in 1980. much has yet to be done in the iss~anre of C'L T's as 
well as in the verification of tenants' claims and the payment of compensation lo 
landowners covered by land transfer. The capacity of the land settlements indicate 
that more ten:rn ts or landless farmers could be resettled th rough an aggressive aml 
systemalic resettlement program under the MAR. 

By the end of 1980. only 94% of the targeted tenant benelidarics have been 
issued land transfer cert ificates. or thr t<1tal 3rea largetted !Or transier to tenant
tillers. 011.ly 85'fr. is covered by transfer certificates. 

It is safe to say the least that only 30% of the bc11eficiaries have claims to 
their lots verified and completed. This means that kss than I /3 of 1he target 
clientele have thei r lots' location and boundaries verified and i.:omplctely surveyed. 
The area covered is only 26% of the target area. Only l 4'i( of the landowners 
affected have completed land surveys and land valuation for compensation pay-
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mcnt. This indicates a very slow process of land survey" and valuation by the 1and
reform authorities. 

Transmittal of tenants' claims and compensation payments by the Land Bank 
are slower still, hampered mainly by land valuation problems and the difficulties 
of land surveys and titles of lands transferred. Out of total verified and completed 
by the MAR, only l l 3,704 or about 27% have been transmitted to the Land Bank. 
The area covered by compensation payments is ahou tone-fourth (25'fr-) of the total 
area verified and completed, affecting only 13% of the total number of landowners 
(49,221 landowners) involved in land transfer. One critical problem remains: how 
to speed up the transfer or tenants' claims for compensating payment by the Land 
Bank. 

Up to the end of 1980. only 88 ,32 1 tenants or about 22% of total tenants 
targctted for land transfer. covering less than one-fourth (23%) of the area for 
transfer. have been covered by Land Bank compensation payments. A total of 
(1.057 landowners, or a little over one-tenth or the land-owners involved have 
received compensation payments amounting to f'l ,243M. Of this amout about 
'Pl 82.7M was paid in cash and the balance, in government bonds. 

The completion of leasehold contracts on existing tenancies is more en
couraging. The vasl majority (89]r) of the i<lentilicd tenant farmers have lease 
cont racts. covering about 8 1 % or the total area. under tena ncies. This is about 
I 05% of the tenant farmers in rice and corn lands (Census 1971 ).2 

On the land settlements, much has yet to be done hy resettling :i larger 
numhcr of tenants and landless workers from the subdivided estates and the densely 
populated cot111nunitics and thus partly relieve the pressure on available cultivable 
lands. These setllers must also be provided technical :iml financial assistance in 
order to improve their producfoity and income. 

Issues raised be/i>rc the imposition of martiftl law 

In my paper read before the first seminar-sympos.ium on land reform in 
September 1972, l raised economic anJ social issues which arc directly related Lo 

land reform implementation.3 Among the economic issues are: ( 1) productivity 
of the small farms in terms of net income per lice tare or per farm: (2) the problem 
of equity, or equality of earnings from ocwpation on the land and equality of 
opportunity for employment in the various sectors of agriculture; (3) consideration 
of the factors that influence farm production , size, new technology, and mechani
zation : and (4) the economics of institution-building in the rural communities. 

2 Apparently . more rice tenancies haw leasehold con tracts than the total number of tl" nants on 
rice and corn farm> covered by thC' Cl~nsus 1971. owing to a lar.i..-e number of form workers on 
small holdings who have been considered tenants under the Land Reform Ctide . 

3Dal.isay. A .M. Economic issues in land reform: the Philippines case. UPLB. Agrarian Reform 
Institute. Occasional Paper No. 4. 15 February 1976. 
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There are other issues that should have received proper a ttention, such :is the 
importance of development planning at 1 he regional a11d local levels. the decent rali
zation of extension and other public supporting services. improvement and reorien
tat ion of on-going sucio-ecunumic institutions to help achieve the objectives of 
rcrorrn, and the capability for political and aJministratiw functions for !he t:.isks or 
reform implementation. 

I said then a t the Agrarian Reform Institute in Diliman, Quezon City. that. the 
issues of farm productivity. "face rough sailing in the years ahca<l," mainly because 
of the slow development of outside 111arkel anti the paucity of cost-reducing inno
vations and management skills most suitable to small farm units. R.cinfon:ing :.1 pica 
for more attention to the family-type l'ann. I pointed out : 

"The intensive utilization of family labor together wi1h tl1e 
improvement of traditional farming pradices could be the salvalion or 
the small farm uniL, or family-type farm. The shift to <liversil1ed or 
mixed forming and eventually to a high degree or prodtH.:tion speciali
zation is not a matlcr of extension or program objectives: this wi!J 
depend mainly on the growth of the naLional ur regional economy and 
the further expansion of the urban or industrial marke1s.4 

Of course, it was also recognized tJiat during the early years of rcl'urlll. prov
isions must be made for the effective dissemination of rcse:m.:h information (on 
new breeds or va rictics and improved technology t Jiren extension :.i~sistarn.:e on the 
use or improved technology and the adoptinn of cost-rc<ludng fanning tedinique. 
The main task. then and now. of the agrarian rcfonn authorities. is to l'.trnrdinatc 
the various projects an<l program at the local level and reorie11t the supporling 
services towanJ more cffe..:tivc reform i111plemcnt;ition. 

The problems of implementation were also discussed. particularly those 
n::lated to the organization o l a separutr Department ( llllW Ministry) or J\graria11 
Refonn. While these administration problems were di1cctly related to the atlai.n
ment of higher productivity :rnd income ol' the sma.Jl parcels or farm lu1s transferNl 
to the 1:.ind-rcfurm beneficiaries. others had relevance to the attainment of human 
resources and imtitutional development towards a higher quaHty oi life.-' The 
eventual 1>rganiz:ition and operation of the Ministry ul' Agrarian Reform hnve 
pointed at the exten t of grnvity and the complexity of these problems for the 
realization of land-rcl'onn goals. Some of these continue to persi~1 up to the present 
time, underlining the inadequacies of the prognm1 now being i111pk11wntcd. 

flladequacics of tllr present land rcjim11 acco111plish111c111s 

The inadequacies of land-reform implementation in the last eight to ten 

4 Dalisay.op.cit .. p. t 5 

5 
Fo r further detail.~. sci: A.M. lJalisay. Land reform and problerns o f impkmcntation. Trade 

a11J /11J11.1·1ry Joumal. vol. I No. I. l'lece rnbcr t 963: also Cl/ :\'ell's Dixcsr. vol. XV!. No. 5 . 
. lanuary 28. 1964. 
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years are apparent in che low productivity of small holdings of the land refonn 
bcneficia ries, increasing income inequality in the rural communities, the disarray 
among the public s11 ppnrting system, and the low performw1ce in institution 
-building in the rural areas. 

Tile low productivity and consequent low incomes among the beneficiaries 
al"':' shown in recent surveys in different parts of the country. f or instance, in a 
study or 914 land reform beneficiaries distributed over 22 provinces, with fan n 
lo ts, of less than two hectares. the average i11come per farm family amounted to 
1"6.407: with average farm expenditures amounting to P3,376. Household expen
ditures varied by the size of the family, with the average household ex penditures 
amounting to "P4.648 .00, thus resulting in a negative bala nee of ( Pl ,272.00) .6 

Even fur !EDI' farms covered by tJ1e study. with gross incomes relative
ly higher than the average for all farms surveyed, the net income· coultl hardly 
cover the basic needs of the household for family members of farm and above. 
These would indicate that the land-refonn beneficiaries covered by the survey have 
not attninetl a level of viability for their fan11s. 

Jn a study comrleted by the Center for Polil:y aml Development Studies. U.P. 
at Los Banos for the La11d 13ank of the PhlJjppines, ·; results show that in the sub
divilkd landed est.ates, with farms aver:iging I .. 6 1 ha. , the average illl.:ome farm 
productil>ll per farm amounted to f' 11 .8 18 .00 for two crops of rice. With farm 
expenditures averagi11g J ,858 per farm per year. there is apparently some gross 
returns from fann oreration. However. with household expe11ditures ranging from 
f' S.471 to Pl 2.961 per household, the avajJable gross returns from farm production 
would not be able to prnvide for the basic needs of the fan11 family, much less meet 
amorrization payments and other loans. 

Even granti12g that the lrighest average income fann production per individual 
farm was about P'8,252 from two crops of rice, on an averJge-sizc fam1 of 2. 12 ha. 
(Gabaldon Estute, Nueva Ecija); with farm expenditures amounting to about 
P4,000 per year. the gross returns from the farm was hardly adequate to pay for 
ltousehold expenditure:. amounting to P 19 ,253 per fam1 family. Again the viability 
of the family fann of the land-reform beneficiary is in question. unless income from 
off-fann and other services would be available in 1he future . 

Earlier field surveys have indicated that although a significant increase in 
yields per hectare has been attained in areas where land reform has been implemen
ted (Nicolas, 1974 ), with the amortizing owners having relatively higher yields than 
the CLT holders and the leaseholders. the net income effects were not clear, owing 

6Project Sunshine - A study of factors affecting land amortization payment by agrarian reform 
benellciarie~. Land Bank of the Philippines Task Force. March J 981 (Mimeo). 

7CPDS. Integra ted Credit Delivery System for tlie Countryside. A study supported by the 
Land Rank of tl1e Philippines, U.P. at Los Banos, March 1981. 
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to increasing costs of inputs and the rising family or household expenditures. 
Studies by Mangahas et al. and by Sandoval and Gaon ( 197 1) reveal that the 
effect of land tenure on productivity is neutral, that is, the average production 
of rice per hectare was roughly the same for all tenure groups. Moreover . the 
increased productivity was more a result of the adoption of improved rice tech
nology than any tenurial change. 

The low income among land-refonn beneficiaries in the fonner landed estates 
is due mainly to small fam1 size, Jack of credit facilities and other ::;upporting 
services, and lack of technical and management guidance. 

A later survey conducted in Central Luzon for the World Bank has shown 
that there is little or no difference in productivity hectares tenanted and owner" 
cultivated fam1s. The real constraint to productivity is the inadequacy of product
ive services and lack of access to irrigation facilities. 8 

Even if the land transfer program has a positive impact on the level of income 
of the land-rcfom\ beneficiaries, 1.hc tenants are observed to have remained at the 
same subsistence level owing to the additional financial burden arising from the 
high amorlization schedules and lack of capital. Some 1enants still prefer, in spite of 
the land transfer certificates, to remain share tenanl~ because they are not sure 
whether they could afford to pay the amortization schedules. And they still have to 
consider the household expenses, including health and education expendit.ures.9 

Disarray of supporting seJ11ices. The increase in the number of extension 
service workers, or farm management technicians (FMT's). in the rural communi
ties have not favored the land-refonn benefa:iarics. And the benefits of vocational 
and infom1al education courses in agricultural schools and coUeges have not yet 
filtered down to the conununities covered by land reform. Credit extension or 
financiil support for forming activities among land-reform beneficiaries is spotty, if 
not entirely inadcqua1e. In spite of the proliferation of formal credit institutions in 
the rural areas , including the rural banks. only l 0-15 per cent of the farmers and 
landless workers have had access to rural credit. 

The social physical infrastructures in agriculture, including the irrigation 
systems, have reached only a small portion of the land-reform beneficiaries. And 
the post-harvest marketing and processing facilities in the countryside arc accessible 
mainly to large and well-lo-do farmers. The land-reform beneficiaries have yet to 
build their warehouse an<l drying facilities, particularly for cereals, and possibly 
with the assistance of the Ministry of Agrarian Refom1, set up the marketing and 
processing plants in selected land-reform areas. 

8 
World Hank: Profile of the Rural Sector. Philippine Lahar Review V ] J N 4 9 . db Lb , o. , i o. . (1 76), as cite y i rero and Manud (1981). 

9sec Librero, Aida R. and P.C. Manuel. Socia.I services and institutions for improved income 
and equity. Paper presented at the 27th PAEDA Annual Conven tion , Makati, Metro Manila. 
June 5. 1981. 
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The protracted reorganization of the '.\1inistry of Agriculture (MA) whid1 
emphasizes the dece11tralization of its planning, regulatory. and productivity 
functions, has delayed a more dynamic production and marketing thrust in the high 
productivity areas. thus ~lowing down the growth of productivity and income in 
small agriculture. ~fore important, the delayed reorganizalion and decentralization 
of powers and functios of the MA have held back the essential extension thrust for 
land-reform beneficiaries and the integration of productiun :rnd marketing activit ies 
for all types of fanning systems under various tenure changes or adjustments. Logic
ally, the firsl to benefit from a decentralized MA administration would be the lease
holders and new owners (or CLT holders). This set up would also give focus on 
program coordinatio11 and implementation at the farm level. Without the prnpcr 
local plannin~ and implementation orientation among MA field personnel in 
collaboration with field statfs of higher ministries, little assistance could be extend
ed to land-rcfonn beneficiaries. Little or no accomplishment might he expet:ted in 
rural development. 

More than eight years ago I attempted a kaleidoscope of future MA activities. 
in the face of an expanded agrarian rcfom1 program, prognosticating that such 
functions or activities as agricultural marketing admi.nist ration. cuUection and 
dissemination of a!,rricultural statistics, agricultural research, and managemelll of 
n:ituraJ resources would remain with the MA. Other activities - promotional and 
cducatiunal activities in crops and livestock produ..:tion, development of i.:oope
ratives, further expansion of the rural credit system. the deveioprnent of handicrafts 
and small rural industries, and the strengthening or economic supports for commu
nity development - would be 1aken over by the MJ\R. This rested on the C0JlVic· 

tion that the job of coordinating and integrating the activities of the regular public 
agencies at the community level is the primary task of the_ Ministry of Agrarian 
Reform. Further, it is my firm belief that the economk: and sucial underpinnings 
of agrarian refonn must be realized through the integrative activities of the MAR 
if ru1al dl'Wlopmcnl in this country is to make any headway. 

Weaknesses of institution-building in the mral areas. The weaknesses of insti· 
tution-building. including those among the land-reform beneficiaries, are manifested 
in the slow, snail-pace growth of the agriculturaJ cooperatives. and the poor 
performance of the national marketing system. 

The pre-coupcrative rural organizations or Sarnahang !\ayon (SN). were 
established under Lhc auspices of the MLGC'D tu assist their members carry out land 
reform operations and for o ther scl l~help purposes. While many of them are still in 
their organizational stage. others have become operational by engaging in activities 
pursuant to their objectives. However, some of them have become viable rural asso
ciations in thC' sense of fairly establishing their operations and making themselves 
indispensable in servicing t11e continuing needs of their members. ln fact, a recent 
study by the Agricultural Credit and Cooperatives institute (ACCI) at U.P. Los 
Banos, has revealed that the SNs continued to decline mainly because of loss of 
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intere~t among their members, lack of sustained training of their officers and 
members, and nq2Jcc1cu supervision by the M LCCD represcm;itivcs in the cotler
tion of the barrio guarantee anu barrio savings funds. 10 It was shown that only 35·.:; 
of the 806 SN samples completed training in the rnajnr courses required for mem
bers. Only a little half lif the 5.347 officers am! members <1ttcnded all the training 
sessions. and or the total samples only 19'/i- put up at kast one of the required pro
jects while 80% did not have any. 

lmplcmcntatio11 or training programs for SNs was CO!lSlraincJ by lack or 
resource persons and logistical support for puhlic agencies L'llncerned. as well as lack 
of time for attendance among. f:inncr-mernbcrs. After the urganiLalit111al ,;tagl'. few 
of the SNs C<)Jllinued training activities for old and new members alike (Durnagal. 
1981 ). 

It should be noted that as of December 1978, therl' were 2 J ,Ok9 SNs or
ganized with over one million rnc111bcrs. and 17 ,5ll6 were registered with 921,JS<'\ 
members. The bigger percenc:1gcs nr SNs organized ani.l registered were in rhc 
regions of Western Visayas. Sout ill'rn Tagalog and Cent raJ Luzon ; smaller percent
ages \Vere i11 Western nnd Northwc~tcrn Mindanao and tl1e Cagayan Valley. 

111c organization and regislral ion or area marketing cooperatives (AMC) was 
the next phase of the cooperal ive <lcvelopment p1 ogram. As of December 1978, 
there were 52 <Hgani~.ed AMCs. most of which were found in Central Luzon. 
Western Visayas. Not unlike thl' s:--;s, the Al'v!Cs are generally in the opcra1 io11al 
stage. Hoth the AMCs and the SNs arc still trying to stabilize norms a11d operating 
procedures, l1ence very little is done towards the adiievement of organizatioual 
objectives (Durnagat. I 9H I). 

Dumagal has pointed out that the general inability of the SNs to maintain 
collcctio11 or !he barrio guarantee and savings funds has limited the resources of the 
AMCs. compelling most of the iatter to depend on loans for the CDLF of the 
Bureau of Cooperatives Development. l l Partly for this reason, AM C's a 1 e unable to 
save the marketing 11ccds of SN members. Moreover, AMC's tend to dissipate their 
capital resources and limit their business operations by permitting the increase of 
overdue receivables. big inventories, lugh cost of goods sold and operating expense. 
Subscqucn tly, this results in net losses. Hoth the AM Cs and SNs still have to find 
reliable market outlets for farm products. l\Iost AMC's usually make profit only in 
their trading or farm inputs. 

As the financing arm of the SNs cooperative rural banks (CRBs) have been 
organized in tlifferent regions to provide operating loans and extend technical assist
ance to the refonn beneficiarie~. As of March 1980, there were 22 CRBs operating 
with a combined paid-up capital of P28.l million. Affiliated with these CRB's 

lOs.ee ACCI, The Sa.mahang Nayon After the Plan II Development Training Program: an evalua
hon. Unpublished Report, U.P. al Los Baiios, 1977. 

11 Dumagat. F.L., Some reflections on the factors or efti:ctiveness and viability of rural organ
izations. Published in the .foumal o( AKricultura/ Economics and Development. January 
1981. 
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were 5 ,383 SNs with a total individual membership of 231,974.12 Not unlike the 
other rural organizations and the SNs, those CRB"s have hecome dependent on 
financing by the government and all suffer from the lack of compcten t management. 
L:ltcly, these CRBs have Jedincd in their lending opcr:nions because of high 
defaults on loan repayments from SN members and the consequent heavy operating 
losses. 

On the further development of cooperatives among the supplementary 
program in land reform, one may ask why most of the rnmpad farms have not 
b,•en organized intt) cnopcratives. One also wonders how Lhe marketing cooperatives 
can he expected lo grnw on the basis of' «vcak or cooperativ,' primary cooperatives 
organizatinll aml on inefficient or noll-()pernting SNs. II would be extremely si;>n
siblc and indeed cconnrnic<J!Jy desirable to determine how past mistakes in organi
zatilrnal and operational stages can h~ conc<.'ivcd and new approadlt'S adopleJ 
tllwarJs the reco11structio11 and further development ,if the rnarkc!Lng cooperatives 
as well as the cooperativt' rural banks. 

There is a growin~ recognition in our society that the development of local 
organizations and inst it ufoms for the effective implementation of agrarian reforms 
cannot be lcfl to government agencies alone. The public supporting services arc ex
pecting to provide initiative in this regard. But if they are tv attain measure of 
sucL·css in ori:'.anizing and strengthening ctcvt'loprncnt-oricntc<l institu1ions, they 
mus: extend assistance to lucal llrgans of self-help, usually traditional organizations, 
and assist them in selecting and training local leadership p<HcntiaL 

Certain technical and financial inceniives must be- provided by the govern
ment for the more rapid development of local leadership. In 1his regard, the public 
supporting services, p;Htil:u[;uly agricultural extcnsiun and rural credit. have a 
distinct role tu play in training local leaders for the growth and effcc liveness of a.II 
types of cooperatives and for the improvcmem of marketing, storage and processing 
facilities in the rural communities. While the regular ministries. in cooperation with 
the cxisti11g financial in>titutions, rnuld help establish and fi..nai1ce local organ
izations as these are related w the problems and i.>sucs of land refonn, the 
lra<litiona.l ones 111ust he assisted in directing their activities towards increased p10-
ductivity and better living conditions among the reform beneflcinries. What I 

emphasized some eight years ago 1 3, may be worth rcpcati11g. at this time: 
''. .. definite 0utlays of public funds must be made available for the 
sustrnance or a systematic approach to inst it ution-builuing. It is not a 
question uf whelhcr public funds can be made available or not. TI1c crn
cial decision is whether agrarian reform _ .. can afford to neglect the 
development of essential institutions." 

l 2Terso, Clemente E .. Jr. Participation of the Bureau of Cooperatives Development in Agrarian 
Reform. Paper prescnud at the Agrarian Reform Seminar sponsort'd by tile Agrarian Reform 
Institute, U.P. at Los Bai\os, January 24, 1981. 

13oalisay. op. cit., p. 9 
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Tile larger issues of agrarian ref onn 

The larger issues consist in the detem1ination of a socio-economic framework 
for, and feasibility of, an integrated approach to agrarian reform. Such a framework 
should lead lo the adoption of an operation model or strategy. which would in
corporate an action program towards increased productivity and a better quality of 
life for the reform beneficiaries. The approach would ensure in the Jong run the 
realization and effectiveness of countryside development. In the short nm. the 
transfer of small holdings to the tillers, together with the diffusion of improved 
technology a11d essential support services \\/OU Id have become a reality. 

A u1tified, comprehensive framework for agrarian reforms in this country 
derives its rationale from the extensive experience in community devdopment 
during the last three decades. Public production programs in the last eight to ten 
years, notably the Masagana 99 and other production programs involving livestock, 
fisheries, and tree farming, have also yielded results that buttress community action 
programs in food self-sufficiency. Moreover. efforts in institution-building, parti· 
cularly in t.hc organization of agricultural marketing cnoperalives, credit units, and 
commu1tity-based rural banks, although fraught with weaknesses in several aspects. 
have yielded insights that should fortify the resolve to continue the development of 
primary cooper:itivcs and other fam1ers' associations at the community level 
and establish useful li.nkagcs among them. Lessons fro·n martial law adrninis
trntion would support, tu s:iy the least, group action for local and regional develop
ment by systematic, pragmatic planning in tlle use of local resources and the 
alignment of local programs with Lhose of the region and the entire country. All 
these contribute to a rational approach to the development of a definite framework 
for agrarian reforms. 

The Framework of Agrarian Rcfonns 

The framework for the implementation nf genuine agrarian reforms may be 
derived from the clemcn ts or forces at work in an underdeveloped society, a.~ per· 
ceivcd by authorities on agrarian refom1 in different countries or regions. lt may 
also be conceived in tcn11s 1)f the structural and institu1 ional support for effective 
land refonn implcm<.>ntation, as prerequisites to comprehensive agrarian reforms. 
More important perhaps is the political will as expressed in public policy affecting 
land transfer and the infrastructure and institutional support that would bring it 
about. In the Philippine case, the political will is man.ifes1ed not only in the politi
cal considerations which led to the approval uf land-reform legisla1ion (e.g. the 
Agrarian Land Rcfom1 ('ode). but also in lhe political decisions which brought 
about effective land rcfonn implemen1ation in the last decade. 

E"!ements and forces in a feasible agrarian reform framework 
Defining land refonn as the redistribution of property or rights in land for the 

benefit of small farmers o r agricultural laborers, Doreen Warriner, an authority on 
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agrarian rcfom1 in the Middle East and in Central Europe, emphasized that land 
refonn should mean more than land redistribution, but it should at least mean that. 
What is the motivation of land reform? Warriner declares that it must be political ; 
without political will no effective land reform is possible, even if legislation is 
passed as in th e case of India and the Philippines.1 4 

What can land refonn expect to achieve? \Varrincr is positive that it can hope 
''to raise peasant Living standards by raising peasant incomes." Casting aside asper
sions on the inability of peasant recipients to improve their lot, Warriner points out 
that small farmers can farm with knowledge and skill. often better than larger 
fam1ers. 

J\ more optimistic note is expressed hy W. R. Cline, an American economist, 
who sta ted tlut land refonn is "the most hopeful of all available policies for 
improving income distribution and production," based on the following conditions: 
(a} land is underu tilize<l; (b) land is carried through v,ith speed and certainly; (b) 
land is carried hrough with speed and certainty ; and {c) credit and modern inputs 
arc made available_15 

However, in a more cautious approach, Warriner maintains that there are 
other constraints which persist even after the structure has been refonned , and 
these may even cause a reversion to the old structure. She enumerates such cons
traints as shortages of land and water. lack of infrastructure and others. 

On structure and tcclu1ology, (}Jle Adams, an American agricultural econo
mist. questions the Hayami-Ruttan thesis that technological change produces 
structural and institutional adjustment, and expresses categorically that structural 
change is in many cases a prerequisite for development. He agrees with Warriner 
that the relative emphasis on reform and teclmological development depends on the 
circumstances of particular countries.' 6 

It is now recognized that land reform will take place in many countries for 
political reasons. Some or them will have socio-economic goals. and practically all 
will emphasize the importance of improving the living standards of poor peasants 
and landless workers. The particular emphasis in an underdeveloped country will 
depend largely on the type of approach to rural development. 

The technocratic vs. reformist strategy in mral development 

The type of approach to rural development detennines in many ways the 
emphasis or objectives of land reform. As emphasized by Griffin, the technocratic 
strakgy and the radical strategy are the extreme points on a spectrum, while the 
reformist strategy rests at the middle. These strate1:.ries differ in their objectives, the 
ideology used lo mobilize support and action, the dominant fonn of land-tenure 

14Sec lluntcr, Guy (ed.). Strategics for ag:rirn!tural development in the 1970's: a summary and 
critique. Food Research fll.1·1it11tc Swdics, Vol. XU, No. l. 1973. 

l SAsdtetl by lluntcr,oµ. cit .. p. 45. 

l 6Hunter, op. cit., p. 46. 
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institution, and the way the benefits of the economic system are distributed. These 
strategies of ruraJ development constitute differences in style.17 

The technocratic strategy, as exemplified by the Philippines, Brazil, and Ivory 
Coast. has the prime economic objective of increasing agricultural output by in
corporating more conventional inputs such as land (Brazil) and encouraging fanners 
to adopt an improved technology (Philippines). Accmding to Griffin, its ideology 
is a liberal capitalist one, with emphasis on competition, free markets, and widely 
dispersed private property . fn practice, however, property ownership is highly 
concentrated, as reflected in the dominant forms of land tenure institutions: 
plantations, large corporate farms, various forms of tenancy arrangements. The 
benefits of technical change and increased output, as cited by Griffin, accrue to the 
landholding elite and other men of property. And the concentration of income and 
wealth is to be regarded as one of rhe ways by which increased output is to be 
achieved and by whkh the generated savings of the rich would contribute to fast er 
accumulation and growth. 

On the other extreme of the spectrum is the radical strategy which, as empha
sized hy Griffin, has U1e first and foremost ohjective of achieving a rapid social 
change and a redistribution of political power. and the next priority the redistribu
tion of wealth and income and, lastly. higher production. Jn case of conflict among 
these main objectives, the gruwt11 objective would give way to search for social, 
political, and economic equality. This strategy is exemplified by China. Cuba, and 
Algeria . 

Its ideology is that of socialism. And in Asia. agrarian socialism is based on 
the assumption that it is possible to mobilize an untapped resource potential, the 
human labor. Under this idclogy, institutional development aims at tbe establish
ment of collectives, communes or state farms which tend to favor smaU peasants 
and landless laborers. As applied to China, this strategy concentrates attention LO 

the locality, with emphasis on local initiative rather than an outside assistance. This 
approach places relatively lirtle emphasis on national agricultural planning and the 
manipulation of macro-economic aggregates or price signals. 

With considerable experimentation on alternative means of organizing pro
duction and consumption in each locality and with institutional changes and even 
morality considered as capable of change, or as independent variables in a process 
of change, the motivations and institutional reforms involved in a radical strategy 
seems to be beyond the reach or capacity of many LDC's i11duding the Philippines. 

One has therefore to place relatively more emphasis on a reformist strategy. 
ln the reformist strategy, as typified by Mexico and Egypt , the main object

ive of rural development places priority on redistribution income to some sections 
of the community and lower priority to increasing agricultural output. According 
to Griffut, attempts arc made to reconcile greater equity with faster growth by 
changing agrarian institutions. 

17see Griffin, Keith. The political economy of agrarian changes (1974), pp. 198-203. 
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Basically, a compromise between two extreme positions in the spectrum of 
rural development, the reformist strategy manifests the tendency of governments 
adopting such a strategy to vascillate in the choice of policies. Thus inconsistencies 
frequently appeared between what a government proclaims and what it actually 
does. The reforms adopted are therefore partial, fragmented and incomplete, and 
these are concentrated in certain regions of the country. In the case of Mexico, this 
style has created a duaJistic or bimodal agricultural sector. And in Egypt, while the 
original thrust of reform was to encourage labor-intensive farming on cooperatives 
and small holdings, there has been recently a shift tu more capital-intensive tech· 
niques on larger fam1s particularly in reclaimed land. 

Under this strategy. the ideology is nationalist and occasionally populist. And 
the dominant land tenure institutions tend to be family farms. However, where 
dualism is pronounced as in Mexico, there are small cooperatives and minifundia 
confronting large capitalist farms. The beneficiaries of this strategy arc middle 
peasants on family farms and larger fanners on substantial holdiJ1gs. 

Apparently. some LDC's can move from the technocratic to the reformist 
strategy by the exercise of political will. And while the redistribution of income is 
largely from the upper income groups to the middle, those in the lowest income 
groups may he assisted in achieving higher income through greater employment 
opportunities :rnd t11c improvement and reorientation of rural institutions. This is 
perhaps the main challenge to the Philippines. 

Stmctural and institutional support for land reforms 

As emphasized recently by the United Nations Development Programme 
( 1979), land reform programs cannot lead to permanent agrarian reforms unless 
a range of agricultural support services. training opportunity and infrastructural 
needs are provided in sufficient quantity 18. Experience in several Latin Amcricall 
countries, more than those in Africa and other regions, has demonstrated that rapid 
expropriation of land resulted in production losses caused mainJy by loss of tradi
tional credit sources, managerial problems in operating larger farm units, and a ten
dency lo resent management advice of goverrunent-supported fam1 directors. 

Moreover. if gains from land reform are to he pennanent as the UNDP has 
pointed out, they must be seen in terms of their potential effects on agricultural 
employment and production and as a first step of a basic government strategy for 
agrarian reform and social justice.19 In other words, land reform in terms of land 
redistribution and tenure adjustments is only a first step in a series of reforms 
towards economic equality and social transformation, which are the primary goals 
of comprehensive agrarian reforms. 

18Rural Development: Issues and Approaches for Technical Cooperation. New York: U.N. 
Development Programme Evaluation Study No. 2. June 1979. 

19Ibid, p. 167. 
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It has also been observed that many reforms have stopped short of helping 
the smallest peasant and landless workers. As manifested in restrictive programs 
(including those in Pakistan , Thajland and the Philippines), the land reforms tend to 
favor the better-off sections and could actually contribute to rural poverty. 20 

Elements/components of integrated mral development 

In the last decade or so, the emphasis of rural development in any LIX~ is on 
increased productivity on small farms through the adoption of improved techno
logy. Recently emphasis was made on the adilitional provision of essential infra
structure and social services, (in order to assist the small producers to raise their pro
ductive capacity and improve their standard of living), together with measures to 
expand their participation in the development process. Such a shift in rural devel
opment strategy in Southeast Asia and other regions is due primarily to the dissatis
faction with the low yields and income arising from (new technology on) srnaU 
holdings and from the tenure adjustments under land reform. Hence, the new em
phasis in any rural development approach is to include institutional development 
and the significant role of human resources in such development. 

Herc in the Philippines, the strengthening of agrarian reform has come it1to 
the rural development strategy through the recognition of the importance of parti· 
cipatory mechanisms and the active involvement of the rural poor in rural develop· 
ment programs for community improvement. To raise the productivity and 
standard of li\'ing of the land-refonn beneficiaries, who comprise the majority of 
the rural poor, there must be measures to improve their organizational and manage
ment capability. These are the same measures essential to the successful implcmcn· 
tation of a dynamic and realistic rural development program. 

I have always maintained that agrarian reform, besides its main goal of land 
redistribution, must cover such other essential elements as the difussion of 
iniproved technologies, the provision of extension, credit, and market services, as 
well as a mininmm of physical infrastructure (e.g. roads, irrigation, and water 
supply). While some of these measures have been implemented in some areas to 
transfonn small holdings into productive farms, certain shortcomings continue to 
persist. These are, among others, the inadequacy of extension and creilit services to 
provide for the immediate needs of the small cultivators; the t otal aspect of institu
tion-building, including the organil,ation of farmers' associations and cooperatives 
which is slow and protmcted; and inefficient marketing and distribution services 
in the land reform areas, which arc not effectively linked to the production activi
ties of smaU cul tivators. Together with weak or absence of participatory mechanisms 

20Ibid,p .167. 
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and the weaknesses of local government, these deficiencies arc identical to the 
primary obstacles to a more effect ive rural development program. 21 

From the standpoint of agrarian reform implementation, effective institu
tion-building and the extension of all types of assis tance to the land-reform bene
ficiaries wiU depen<l largely on the infusion of such values as well-being. social 
cooperation, and social justice or equality (as manifested in /v:1ginhawaltan. pagtu

tulungan. and pagkakapantay-panury }. 

Political will ur commitment tu an agrari1111 refom1 package. 

The motivation for land refom1 in many countries is political: to change the 
wealtl1 and power structure and enable the mass of small fam1ers and agricultural 
laborers to participate in the economic and socio-political activities of the commu
nity. The political will or commitment is expressed in terms of: (a) the political 
considerations in the passage of land reform legislation: (bJ rolitical .::onsiderations 
in the passage of land reform legislation: (h) political decisions toward effective 
land-refonn implementation: anc.l (c) the adoption of an administrative policy on 
the iJ1tegration of goverrunent acrivities in lanc.l-refurm areas :ind the celltralization 
of control through a department of ministry for agrarian reforms. 

Pulitiu1! considerations i11 fund rej(m11 legislation. Political support or Jack of 
it affects the effectiveness of land-reform legislation. Political support is almost 
necessary for the approval of land-reform legislation. including expropriation of 
large estates, subdivision and distribution of small parcels to their occupants, and 
tenure adjustments in cxpoitativc tenancy systems. In some countries weak imple
mentation of land-reform bas been due to rather high retention ceilings and 
cumbersome procedures provided in reform legislation. Particularly in Southeast 
Asia, ap,ranan reform programs have been impcdl'd hy land-owners' p olitical in· 
tlucncc. the harassment of tenants, and protracted court litigations. On the whole. 
agrarian reforms in the region have been of limitt'd scope and their implementation 
weak and frustrati ng. owi11g mainly to the governments' l:h:k of political will to 
carry tlllt rcfurms a11d their luw administrative capability for implcmentation.22 

In tbe Philippines the passage of the first agricultural Land Reform Cude in 
1963 required the full support of the Liberal Party under President Macapagal. with 
the assistance of the Manahan-Manglapus faction in the Senate. However, the 
resulting legislation lacked the provisions on the means of financing land-refom1 
operations as well as those pertaining to mediation of local land disputes, which 

21 Fm more details. see [)alisay. A.M. Values in policy fomrnlation for rural developmen t. 
Occasional paper ~o. 9. MA RD Program, U.P. at Los Baiios, 1980. pp. 2! -23. 

22see Asian Agricultural Survey 1976. pp. 97-101. 
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were omitted through the intervention of powerful landholding legislators. Accord

ing to President Marcos, the political factors operating through the Conference 
Committee of the Senate and the House led to the removal of one whole chapter 
(in the original Land Reform Code) which provides for a tax on all idle land as the 
source of financing land reform and the Land Dank. 23 

At the 7 lh Anniversary of Agrarian Reform held in Quezon City on August 
8, 1970. before a large audience composed mostly of agrarian reform beneficiaries. 
President Marcos made certain pledges which. among others, he would carry out 
through this leadership and with the support of the Nacionalis1a P~my which he 
heads such as introducing amendments to the Land Reform Code to ~trengthen 
its implementation. declaring the entire country as a land-reform area, making 
land reform the epicenter of all government activities. cs1abhshment of a single-line 
department of land reform, providing additional sources of funding for the Land 
Bank, and organization of cooperatives among the reform beneficiaries. 24 

These pledges were carried out in succession. if not altogether, as shown by 
events in the next few years. First. the approval of the ne.cessary amendments Lo 

the original Code was made by Congress on September l 0, l 97 l. with the full back
ing of President Marcos :mct the support of his party, barely a year after his Quezon 
City pledges. Secondly, the other pledges were fulfilled in a series of Presidential 
decrees25 issued after the declaration of Martial L<iw on September 21. 1972. The 
most significant or these 1lecrces was PD No. 27, which ern:rncipated t he small 
tillers from their bondage and transferred to them the land they till . The series of 
Presidential decrees during the martial-law administration not only strengthened 
the foundations of agrarian reforms, but also indicated the <lirt!ctil>n or :;ocial and 
political development in the years to come. 

23sec "Addrc~s o f the President at the do.,ing ccrcmonie~ nf thi: it11 Anniversary of Land 
Reform. August 8, l 970. p. 12. 

24 Address of the President, op. cit. 

25P.D. No. 57 November 19. J 972 - exempting landowners affected by land transfer from the 
ca pi ta.I gains tax. 

P. D. No. 84, Dcccmhcr 22 , 1972 ·authorizing the secretary of Agrarian Reform to s4,'11 lam! 
transfer certification (on behalf of the Presidcm of the Philippines). 

P. D. No 152, March 13, l 973 · prohibiting the use of share tenants in publk lands trans" 
furred or titled to the prcsen t owners. 

P. D. No. 239. July 9 , J 973 ·withdrawing the authority of the Land Registration Commission 
to approve original suncy plans (which had been solely exe.rcised by the Bureau of Lands). 

P. D. i..-o, 25 l , July 21. 197 3 · amending the provisions of R. A. Nc1. 3844 a$ amended to 
strengthen the powers of the Land Bank of the Philippines as th<~ financial arm of Land 
refurrns. 
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Polirical commitme11ts for strong administrative polic:r in agrarian reform. It 
took the passage of the Code of Agrarian Reform. as amended, on September 10. 
1971, to consolidate the six-agency implementation mad1inery of land reform in to 

a single-line, comprehensive agency. lhc Department (now the Ministry) of Agrarian 
Reform. This is about eight years after the approval of the original Agricultural 
Land Reform Code. during wl1ich a cumbersome administrative machinery 1.:arried 
on the task of bnd redislribution. the 1.:unvcrsiun of tenJncies into leaseholds. and 
settlements in selected land-reform areas. 

The issu:mcc of several decrees by the Presi<lenl after the prodarnation of 
martial law in 197.:' strengthened the government machinery fur the implementa
tion of agrnrian reforms. The entire 1.:ount ry was first declared :1 land-reform area 
(PD No. 2) and the tenants-farmers were then crnarn:ipated from their bondage and 
made owners of their holdings (PD No. 27). Other decrees fol!owetl i11 the next 
three or four years that saw the restructuring of the Land Bank of the Philippines. 
as the financial arm of lanJ reform: the creation of additionaJ fund soun.:es for the 
fin:int.:ing. ot' reform implementation; and laying do\Vll the bases for tht> organization 
and <levelopmcnt of farmers' cooperatives (PD No. I 75 ). 

The above Presidential ads fulfilled the pledges made by President Marcos to 
land-reform beneficiaries i.J1 his Quezon City Address. ln practice, these measures 
created the u1Hlerpi1inings for the intcgrnted action of the Department of Agrarian 
Reform in the bre<ik-up of the land ed estates :rnd the transi'er of owncrs!t iµ to the 
te11a11t-tillcrs, the conversion nf othl'f tenancies into lcascholtls. and the related 

activities on the: tilling of the lands transferred and the administration ·of land settle
mcnts. However. the principal s11pportive services remain outsiJc the jurisdiction of 
the MAR. 

Othtr decr~cs that followed served to provide adc.ijtiunal assistance to the 
]and-reform beneficiaries by prohibiting the ejectrnent of tenant-tillers from their 
holdings, by prescribing penalties for cjcctment ,,r rcnrnval (•f. tenant-farmers from 
their lands, by establishing the procedure for the acquisition by small farmers of 
shares of stock in rural banks. and by improving the structure of the Court of 
Agrarian Rcbtions for the se ttlement of land disputes an<l other mattcrs.26 

Countries in other regions have also experienced the inl1uence of top-level 
politil.:al commitment in reinforcing the administrative policy on agrarian reforms. 
In Pern. for inst:mce, the political commitment of ils kaders dynamized its 

26 For partil.:ulan. see the follo,,.ing decrees: 
P. D. No. 316, on October 22. 1973. prohibits the ejectmcnt of ten:mt-tillers limn their 
holdings. 

P. D. No. 583, on November 16. 1974 · p rest:ribes penalties for unlawful cjec tment or 
renewal of ten:mt-farme rs from their holdings. 

P.D. No 584, <>TI November 16 1974 ·establishes the procedure for the acquisition of shares 
o f s tock in rural banks. 
P. D. No. 946. on June 17. 1976 - reoiganizes the CAR by establishing 16 regio nal districts 
th roughout the country. 
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comprehensive land· reform legislation approved in the early 60's. Although the 
compensation provisions of the law were generous. the political opposition to 
implementation was widespread, and with poor administrative staff and inadequate 
f:nancing very little land redistribution could take place. By 1973, owing to poli
tical commitment for accelerated rcfonn implementation, over half of the estates to 
be appropriated had been subdiv~ded, thus resulting in six times more land approp
riated and redistributed and eleven times more land adjudicated for redistribution 
to landless farmers t11an all previous land reform lcgislation .27 These have demons
trated the need for quick action to take advantage of the government's power and 
commitment as well as the efficacy of administrative organization created for the 
purpose. 

Here and in other countries of Southeast Asia, the political commitment of 
the ltighest level of leadership is necessary not only to improve upon the existing 
reform legislation, but also in effectively implementing land reform and other 
measures of rural transformation. As explained by Rondinelli and Ruddle .. such a 
political commitment must involve a strong, pervasive, and sustained determina· 
tion to achieve the goals of rural transfonnation, economic reorganization , and 
sncial equity. 28 A concomitlant must be a broad base of political support from 
government agencies, political groups, and cooperative a!>Sociations. 

Insights from other development and agrarian refonn experience 

ln spite of the above structures, the developing countries especially the 
Pltilippines, must continue to derive insights from development and agrarian reform 
experience in other countries under similar conditions. The rationale for this must 
be based on a socio-economic approach to the improvement of the development 
process itself towards efficiency and effectiveness and the creation and strengthen
ing of organizations/institutions that will accelerate the process of growth and 
transformation. The over-riding goal is to forge a unified or comprehensive model 
(strategy) that can be implemented through a consensus among the sociaL econo
mic and political interests involved and with massive par ticipation and support of 
reform beneficiaries. For economists and :idministrators, Guy Hunter (1978) 
expresses an encouraging and hopeful note : "Economists can at least join hands 
with administrators in working out .. . an economic and administrative tool kit 
which will help them to avoid the worst dangers of a political decision (to imple
ment reform) and achieve the best economic compromise ... 29 He thinks, quite 
correctly, that a total retreat of economists from the frustration of reform is not 
necessary. 

27see Rural Development - Evaluation Study No. 2. op. cit., p. 166. 

28Rondinelli, Dennis A and Kenneth Ruddle. Urbanization and rural development. New York: 
Pracger Publishers. 1978. pp. 139-154. 

29Hunter. Guy (ed), op. t il .. p. 46 
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An Operational Model for the 80's and Beyond: Policy Implicatio ns 

An operational model or strategy for the 80's and beyond should now be 
adopted and implemented without further delay. It must be based on the following 
considerations: (a) the need fo r an integrated approach which requires cooperation 
among several ministries in a multipronged, multi-faceted thrnst towards national 
growth and structural transformation; (b) priority emphasis on institution-building 
and the socio-political aspects of peasant organizations and other participatory 
mechanisms iI1 the rural areas; and (c) a strong administrative policy governing the 
decentralization of the public supporting systems to the different regions and 
integrating those services with local and regional programs for overall development. 

1. An integrated approach to agrarian reforms involPes both the program for 
increased productivity and income among the agraril.m-reform beneficiaries and the 
social and infrastructural overhead essential to human-resource development and 
mass participation in development planning and administration. Such an approach 
must go beyond the present confines of land transfer and tenure adjustments, 
together with land settlement programs. 1t must deal directly with the problems of 
urban-rural linkages, strengthening and further extension of support services, and 
the creation of off-farm employment opportunities through cot tage and small 
industries in the rural communities. For effective implementation. this approach 
must be based unequivocally on. 

(a) active participation and involvement of the reform beneficiaries in the 
different programs and projects through participatory mechanisms organized for 
the purpose, and/or (b) goverrunent support for the creation of peasant organiza
tions designed to strengthen the role of reform beneficiaries in the social , economic 
and political activities of their communities. 

2. fnstitutional aspects must be given more importance towards social and 
human-resource development. Higher priority should now be given to the develop
ment of essential organizations/institutions in all the land-refonn areas. which will 
assist tJ1e reform beneficiaries in their efforts to increase their own communities. 
Farmers ' associations and all types of cooperatives I11ust be developed, based on 
need and the management capacity of the small farmers and lessees. 

Sometime ago l pointed out that the development of local institutions cannot 
be left to the government agencies alone.30 The private sector has a mutual respon
sibility, particularly in the establishment of farmers' associations and various types 
of cooperatives. For the productivity and efficiency of the family fam1 do not 
result only from technological improvements an<l market forces, but also from the 
human values, attitudes, and the social institutions lhat give it recognition and 
support. 

It should also be noted that the motivation and aspirations of the reform reci
pients arc quite as important, it not more so, as the in1proved technologies and 

30o alisay, Economic issues ... .. op. cit. , p . 9 
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management practices recommended for fann productivity and efficiency. And the 
institutions that develop reflect not only the aspirations and motivations of the 
agrarian refom1 beneficiaries, but also the social values that will ensure their res
ponse to teclmological and social changes. 

Fortunately for this country, the people may now count on the realization 
of the President 's pledge to implement a land-refonn program with massive support 
from the cooperatives. In this regard, the disappointing perfom1ance of the MLGCD 
in the organization of viable marketing cooperatives and cooperative rural banks 
should not discourage the voluntary movement from trying again to build on the 
present meager gains. And the administrators of the Ministry of Agriculture (MA) 
designated recently to undertake the rehabilitation and reformation of the cooper
atives should take heed from the recommendations of the leaders of the voluntary 
movement in the new an<l. lee us hope, more realistic approach to cooperative re
organization and development in the different regions. 

Moreover. the integrated estate development program (IEDP) of the Land 
Bank, as a comprehensive strategy for the amortizing owners in the expropriated 
landed estates based on agribusiness concepts, need to be expanded to include the 
refonn beneficiaries outside the landed estates. Built around management-trained 
manpower with a core of IEDP coordinators and supported by community banks, 
now known as Land Bank sa Bu kid (LBSB), the approach promises to be an effect
ive implementation of integrated rural development buttressed by adequate fman· 
cing of farm business operations (through the LBSB) and the availability of support 
services and the necessary infrastructures. The scope of this Land Bank strategy is 
mainly constrained by the number and competence of lEDP coordinators and the 
speed with which LBS B's could be organized and made operational. 

3. Significance of a strong administrative policy for agrarian reform imple
mentation. The weaknesses of the MAR organization and administrative capability 
are now apparent. These weaknesses, particularly in the coordination of essential 
activities for reform outside its immediate jurisdiction and strengthening of farmers' 
cooperatives, must now be remedied if the country is to achieve an integrated 
reform approach in the 80's and beyond. 

The principal aspects of organization and coordination as they are brought to 
bear on the productivity and efficiency of the individual family farms among the 
agrarian reform beneficiaries must be given greater attention under a reoriented 
and unified administrative policy of the present administration, which should 
embrace the MAR and other pertinent ministries. Among the program and activities 
that should be coordinated and strengthened at all levels are the following: 

(a) The public supporting services, particularly agricultural extension and 
rural credit are still strongly biased towards well-to-do farmers and the larger towns, 
whereas the small farmers, amortizing owners, and lessees require special attention 
and assistance. The agricultural technicians, including the farm management speci:il
ists, should henceforth concentrate their activities on the reform beneficiaries in the 
barangays. 
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(b) More attention must be given to the problems of unemployment and of 
job-generating enterprises in the rural communities; hence, the in1portance of small 
indusLries and cottage enterprises based on local materials and skills that can 
provide remunerative jobs to unemployed youth and adults. 

(c) The task as well as the credit for rural development is now splintered 
among several public agencies engaged in such community improvement programs 
as food production and nutrition, population control, public welfare services, 
public health and sanitation, and others. To minimize the confusion of goals for 
community development in the land-reform areas and get these public agencies to 
work as a team, a Presidential Order is necessary to place the agency representatives 
under a local development coordinator. 

Furthermore, special attention to tl1e problems and needs of the agrarian 
reform beneficiaries demands that the following activities must be coordinated by 
the Ministry of Agrarian Reform: (a) diversification of agricultural production 
through intensive cropping systems, livestock and agriculture enterprise with 
emphasis on Lhe family-type farm, (b) tying up local production activities with 
marketing and processing facilities in the urban centers; (c) developing social and 
infrastructure service facilities in the subdivided landed estates and other land
reform areas; and (d) local development planning to ensure both technology adopt
ion and the necessary infrastructures for storage and marketing as well as farmers' 
participation in planning and implementation. 

All these would require expanded administrative and management capacity in 
the MAR and close working relationships with other ministries. Thus, a strong but 
flexible administrative policy for agrarian reform and related activities must cope 
with the problems and issues of higher farm efficiency and productivity, manpower 
trainings, and the reorientation of public ad.ministration to the improvement of 
rural life - the gamut of progran1s and projects for agricultural transformation and 
modernization. While the specific tasks of the MAR have to do with land redistri
bution and tenure adjustments, its primary responsibility must be towards the 
development of social conditions and the infusion of social values among the 
refonn beneficiaries that would ensure higher efficiency on the individual farms and 
social stability in the communities where they live. These would mean the MAR 
taking on more of the functions and activities that now belong to the Ministry of 
Agriculture and linking them up effectively with other relevant ministries. 

The continuing challenge to the MAR and the related ministries is to make 
good on the pledges made by President Marcos and the present Ad.ministration. To 
do less is to negate the goals and objectives of agrarian reform and obstruct the 
efforts towards agricultural growth and change. 
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Pedro Sandoval, Discussant 

Agararian reform is one program of development that indeed merirs periodic 
and continuous review, a "revisiting" as Dr. Amando Dalisay said. The objective 
of such ''revisiting" or review has also been clearly set by Dr. Dalisay for all of us 
that: "policy-makers and administrators might be led to evolve action program that 
would have relevance in the 80's and beyond." 

The core programs of agrarian reform are the leasehold and the land transfer 
programs. The Ministry of Agrarian Reforrn's position is that the operative act of 
transferring landownership to· the tenant-farmers is PD 27 itself; which means that 
the tenant farmers became owners of the land they are tilling as of October 21, 
J 972. It is the documentation of this transfer which is the task of the Ministry 
of Agrarian Reform. It is the slowness of this documentation process that Dr. 
Dalisay and other evaluators of the program point out. Th.is commentary on the 
implementation phase of PD 27, it may be noted, has not been lost on the Ministry 
or Agrarian Reform and some steps had been taken to remedy the situation. On the 
leasehold operation, Certificates of Agricultural Leasehold (CAL) has been issued 
since 1981 to farmers working in landholdings of 7 hectares and below - in effect 
strengthening their land tenure position as lessees. Parenthetically though, only 
8.54% of the targeted lessees has so far been issued the Certificate of Agricultural 
Leasehold by the end of 1982. l On the Operation Land Transfer, the generation/ 
issuance of Emancipation Patents was accelerated during the year by virtue of 
MAR'S New policy of allowing its generation upon payment of two annual land 
amortizations. TI1Us, the Ministry of Agrarian Reform reported an increase in the 
number of Emancipation Patent recipients totaJ!ing I , 799 or .42% of its target 
beneficiaries i.11 1981 to 34,9 J 3 or 8.16% at the end oi 1982. '.! Despite this reported 
accomplishment, the effort needed a push if the momentum gained by the 
program is not to be lost on the farmer-beneficiaries. However, the structural 
change brought about by tenure reform is only a beginning of concerted efforts in 
uplifting the plight of the farmer· beneficiaries. Desired increases in farm produc
tivity become possible with sustained institutional support granted by the cooper· 
adng agencies in the program. 

While the problems of agrarian reform are not new, as many have noted and 
as summarized in Dr. DaJisay's paper, they have gained in perceived importance 
with the availability of new high-yielding grain varieties. The new plant varieties 
hold the promise of increased yields per hectare, while on the other hand, requir
ing improved farm production conditions such as complementary chemical ferti
lizers. increased irrigation and water control, and appropriate weeding, to offset 
the dwarf features of the new varieties. 

Attempts to deal with the institutional requirements of the new technology 
have genera.Uy fallen into three categories. First, Dalisay argues that production 

1 Ministry of Agrarian Reform 1982 Annual Ri:port, p. &. 
2Jbid. I'· 9. 
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constraints must be lessened so that farm productivity levels can be increased. He 
suggests the need to provide basic production support services and increased access 
to irrigation water. 

The second approach suggested by Dr. Dalisay is the promotion of integra
tive activities in the planning and implementation of agrarian reform, along the 
lines of integrated rural development programs. Participatory schemes for mobiliz
ing rural beneficiaries of land reform are cited as the means by which equality of 
opportunity through employment-generating projects is made. 

The third approach focuses on the development of institutions that rely more 
on local systems of cooperation and control with respect to a~cess to credit, mar· 
keting, storage, and processing facilities. The increased use of traditional com
munity cooperative groups is proposed as an alternative to formal , often bureau
cratic-type, of government sponsored organizations. 

The conceptual framework presented hy Dr. Dalisay follows what he labels 
as a "refomiist" approach, in the economic tradition set by Griffin (1972). In 
carrying out the refom1ist approach, Dr. Dalisay recommends a re-examinatio n of 
the "political will'' as lhe basis for the land refom1 program. These are sub-divided 
into the political aspects of development affecting (I) legislation and the legal 
fo undations of nationwide re-distribution, (2) implementation of, policies that 
encompass efficiency as well as equity objectives, and (3) the administration of 
programs that facilitate the conduct of (1) and (2). 

In the last sect ion, Dalisay suggests three major program revisions. First , he 
advocates a strong, integrated · approach to agrarian reform that has. as its final 
goal, increased income and output levels. Secondly, he calls J(Jr an expanded insti
tutional development program that is geared toward the in1provement of social 
and human resources. Lastly , he considers the crucial role of "administrative re
form'' especially in the implementation of land reform legislation. In particular, 
he cites the need for the MAR to absorb some of the extension and credit fund ions 
of the Ministry of Agriculture, and the strengthening of institutional linkages with 
other line ministries, in the conduct of post-refonn acth'ities. 

As suggested above, a large variety of organizational and administrative 
arrangements for implementing land reform arc possible. Dalisay's use of local
level solutions, rather than bureaucratic and macroeconomic :ipproaches, offers 
some important insights regarding the direction that agrarian reform should follow 
in the future. Within this range of choices are many issues that require a re-examina
tio n in the light of Dalisay's suggested framework for integrated rural development. 

Two issues wiU be discussed that may help clarify some of the points raised 
by Dalisay. These arc (I) the need to evaluate the dynamic interrelatkrnships of 
tenure reform and productivity, and (2) the necessity of broadening the rural 
agricultural base that benefits from the agrarian reform program. 

Reform and Productivity 

TI1e studies of Schultz ( 1940), Ready ( 194 7), and Drake ( 19 52) have qucs-
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tioned the logical deduction among neo-classical economists that owner-operated 
systems achieve a better system of pricing factor inputs, and reduces the constraillts 
of decision-making on the use of technological inputs. The Philippine case studies 
of Estanislao (1965), Sandoval and Gaon (1972), and Manga.has, Miralao, and de los 
Reyes (1976) support the hypothesis that in an economy, such as the Philippines, 
share tenancy does not act as a "restraint" on growth of output (Ruttan: 1965 ). 

However, it has also been pointed out that share tenure limits the landlord's 
incentive to invest in productivity-increasing projects. This has had its historical 
roots. Mclennan (197 3) notes that 18th century tenancy relations affecting the 
development of irrigation in Nueva Ecija have clearly been in terms only of main
taining the landlord's network of dependents. Mclerman describes it more suc
cinctly : 

Capital investment focused upon one element only ~ land ... the 
easiest path by which landowners will increase their income was by the 
acquisition of more tenancies, not by investment in the improvement of 
land with the goal of increasing yields, for that would involve them in 
the managerial problems inherent in introducing and supervising more 
intensive land use practices .. . Irrigation canals were a means to gua
rantee annual production and expand the tillage within a hacendero's 
holding, not essentially a means to increase yields (p. 415). 

Furthem10re, Clark ( 1905) observes that Central Luzon landowners increase 
their income not only from rent collection and irtterest rate payments, but also by 
manipulating rice production activities. One method has been to capitalize on an
nual fluctuations in the price of rice. The other method is by compeUing tenants 
to use the tilyadors or threshers and to transport rice in the landlord's truck, 
where exorbitant transport rates are charged. 

The 18th and 19th century documentations of landlord-tenant relationships 
(Pelzer, 1945; Takahashi, 1969) are not \'.oithout present-day counterparts. In 
arguing for the productivity hypothesis of tenure reform, these historical conditions 
have ofteu beccn set aside and essentially technical and economic approaches have 
heen applied. The result is a list of production support services which have litllc 
value when viewed merely in the context of yield-increasing goals. 

Expanding the Agricultural Ba<>e of Agrarian Reform 

By extending Dalisay's argument for institution-building, the alternative 
approach to increase productivity using tenure refonn is lo analyze, first, the 
social and economic factors underlying share tenancy and agricultural lease sys
tems, then provide support services that address the social problems of unequal 
access to production resources directly. 

In expanding the agricultural base of agrarian reform, attention has been 
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focused on including crops other than rice and corn in the refonn program. While 
decisions towards this end are yet to be made. serious studies in the meantime 
are being undertaken which hopefully would help in evolving desirable reform 
programs. 

Another sector of the agrarian society that deserves immediate attention is 
the group of agricultural landless laborers. 

The initial efforts o f the agrarian reform program had focused on the tenant 
farmers in o rder to uplift. their deplorable conditions. After a decade of implemen
tatio n, the time has come when the program of rural development has to extend to 
the landless agricultural laborers who constitute a greater portion of the fanning 
po pulatio n. 

Landless agricultural workers form a social class which is , almost always, 
found at the base of the social pyramid. They emerge as a group more disadvan
taged than farmers in tenns of employment and income. Fam1ers can supplement 
their income by hiring out their services while those mainly dependent on income 
from hired labor have to compete with an ever-increasing number of entrants in the 
labor market. If development means reaching the poorest segments of the popula
tion, and if the reform efforts are aimed at narrowing the visible disparities in our 
society, then agricultural laborers are a logical target o f such efforts. 

Constituting one-fourth of the country's labor force, the landless agricultural 
workers should be the focus of more serious concerns particularly their status, life 
conditions, p roblem and constraints. Hopefully, a beginning to a determined 
endeavor towards more systematic efforts at trying to meet the plight of this rural 
group could be made, if it has not begun yet, by concerned government agencies. 
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Introduction 

Development programs tradit ionally pursued for non-demographic objectives 
may nevertheless have important demographic consequences. Consideration of 
these demographic effec ts could provide add itional criteria for lhe scleclion of 
alternative programs. Thus far, however, very little systematic effort has been made 
to assess the demographic impact of development progr::ims in the Philippines and 
elsewhere. This may be due partly to th e complexity of socioecuuomic-demographic.: 
interrelationships and to the difficulty of controlling specific factors in actual non
experimental settings. 

This paper reports on partial results of an on-going assessment of the fertility 
impact o f a large-scale rural electrification project in Misamis Oriental. Interest in 
this study arose from the fact that da ta from an independent demogrnph ic measure
ment project in a rural segment of this province reveal a signific.:ant decline in 
fert ility from 46 births per thousand populat ion in J 972 to slightly less than 30 in 
1975 when t he last survey was conducted.I The data indicate that the decline was 
largely due to a drop in marital iertility, especially among women aged 25-39 years, 
rather than to a change in the proportion of married \VOmen or in the age structure 
(Herrin. l 979). In late 197 1. about the t ime that this demogr8phic data collection 
began. a large-scale ru ral electrificat ion projec.:t was implemented in this rural area. 
The rapid decline in the birth rate was recorded as start ing a year or so after a large 
segment of this area has been energized. an observation temporally wnsistcnt with 
the view t hat changes related to the rural electrification project were a fa ctor contri
buting to the observed fertility decline. 

*A longitudinal research sliategy is kept in mind in t hl' overall design of this project, 
and a second •urvey can be fielded as additional funding becomes available. 

l The Research Institute for Mindanao Culture, Xavier University conducted an intensive 
demograph ic srndy in Misamis Oriental from April I 971 through May 1976 , the p urpose of 
which was to test alternative demographic measurement methodologies with special focus on 
the dual-records approach to the collection o f vital statistics. 

29 



30 Herrin, Rural l:lcctrification and Fertility Change:: 

Exploratory studies on the impact of rural electrification in 1975 and in 1977 
suggest that this important infrastrncture generated widespread sorial and economic 
changes (Madigan, Herrin and Mulcahy, 1976; Herrin and Madigan, 1977: Herrin , 
1979 ). In addition. demographic surveys conducted in 1976 and 1977 reveal 
widespread acceptance and practice of family planning by currently married women 
in the province in general, and in the rural electrified areas, in particular (Madigan, 
eta/ .. 1976; 1977). 

Putting these sets of eviJence together, one is Jell tu hypothesize that the pro· 
vision of rural electrification. interacting with other rural development inputs 
genera ted social and economic changes. which among others. changed the strucrurc 
of costs and benefits of children . at least as perceived by parents. This changed 
structure in turn led to a decreased demand for additional births, which was then 
made effective by the lowered cost of contraception generated by the effects of the 
family planning program. The data from a survey of 1.200 households in 1980 to 
be described below do in fact show that rural electrification is significantly related 
to lower current fertility and to greater use of family planning meiholls in Misamis 
Oriental, a finding consistent with the ahove. hypothesis. 

In Section II we brictly describe the rural electrification program. the 
progress of t he Misarnis Oriental rural electrificat ion project, and the development 
trends in the province to provide a contextual background for subsequent discus
sions. Section III presents the conceptual framework for analyzing the dynamics of 
socioeconomic change generated by rural electrification and fertility based upon 
theoretical considerations as well as upon empirical fu1dings frum earlier explor
atory studies. Section IV describes the resean.:h strategy adopted in this study, 
highlighting among others, the problems and the limitations of non-experimental · 
designs. Section V describes the characteristics of the sample areas and households, 
while Section Vl presents the results of partial analysis of the data collected for this 
study. Section VH concludes, highlighting the implicat ions of the study for pros
pects of fertility transition in less developed countries. 

Background 

The National Rural Electrification Program. The rural electrification program 
is a major infrastructure program or the government aimed at improving the quality 
of life of the poor majority in the rural areas_ The national rural electrifica tion pro
gram officially started in 1962 with t he creation of the Electrification Admi.nistra· 
tion. However, elect rification then was charac terized by small generating units (30-
60 kw capacity) serving only o ne municipal town center on a dusk-to-midnight 
basis, and generally for lighting purposes only. Limited funding. mostly loaned to 
private and municipal franchises reportedly hampered the development o f the pro· 
gram. 

In August 1969 the National Electrification Administration Act was passed 
creating the National Electrification Administ ration (NEA), and declaring the 
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national policy objective of total electrification of the country on an area cover
age basis, with electric cooperatives as the primary medium for program imple
mentation. Under th e area coverage concept, rural electrification is to be provided 
by larger power plant s each serving not only one municipal town center. but from 
five to ten municipalities including all the villages (barangays) therein on a 24-hour 
ba~is. In 19 71. two pilot rural electrification projects were established, namely , 
the Misamis Oriental Rural Electric Service Cooperative (MORESCO I) in western 
Misamis Oriental , and the Victorias Rural Electric Service Cooperative (VRESCO) 
in northern Negros Occidental. The success of these two pilot projects paved the 
way for the sub seq uent establishment of electric cooperatives throughout the 
country. 

The National Elect rificatio n Administration (NEA) , a government agency 
assigned to undertake the rural electrification program , was converted into a public 
corporat io n in August 1973. As a result, additional powers and funding have been 
granted the NEA ror the speedy implementation of the rural electrification pro
gram. Since then. the NEA has made significant progress both in the development 
of the physical facilities of the electric sys tems, and in the establishment of elec
tric cooperatives throughout the country. As of July 31, 1981, the NEA reports 
that a total of 107 electric cooperatives have been energized. These electric coop
eratives serve 1,589 ,21 0 households in I .204 municipalities and 12,325 villages 
thio ughout the country. representing 30 percent of the total potential household 
connections in the covered areas. 

Misamis Oriental Rural Electrification Projects. Misamis Oriental which com
prises 24 municipalities and two chartered cities. had a 1975 census popu lation of 
560,490 living in an area of 3 ,570 square kilometers. A rural electrification project 
was first implemented in late 197 1 in the l 0 municipalities located west of the pro
vincial capital, Cagayan de Oro, through the Misamis Oriental Rural Electric Service 
Cooperative (MORESCO I). ln 1975. these municipalities had a population of 
124,5 10 people or about one-firth of the provincial population living in approxi
mately the same proport ion of provincial territory. As of July 198 I , MORESCO I 
was serving 12,404 households in 118 villages of the 10 municipalities, representing 
about half of the total potential household connections. ln addition to households. 
the electric cooperative was supplying electricity to business enterprises, irrigation 
systems, water systems, and public bu ildings and facilities. including educational 

institutions and health units. 
The eastern segment of the province comprising 14 municipalities (excluding 

Gingoog City) had a population of 222,474 in 1975, representing 35 percent of the 
provincial population. Cingoog City itself, the second chartered city in the province 
had a 1975 population of 66,377. In June 1978. a second electric cooperative 
(MORESCO II) was established to serve these 14 municipalities and Gingoog City. 
As of July 198 l, a total of 12,038 households in 136 villages were provided electric 
connection, representing 30 percent of potential households connections in the 
covered areas. 
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DL'l1c/opment Trends in Misamis Oriental. The provincial ernnomy is still 
basically agricultural. In 1975. more than half (56 pen:ent) of the gainful popu
lation I 0 years o l<l and over was engaged in farming and related activities. Develop
ments since the 1970s. however. are expected to place Misamis O riental among the 
fastest growing provinces, especially with respect to agro-industriaJ growth and 
infrastructure developme nt. 

According tO the country's development plan. che Northern Min<lanao region 
where Misamis Oriental is locatc<l. is envisioned to become a major industrial region 
of the south . having the advantages of early availability of hydroelectric power. 
strategic location, available agricultural lane.ls. and abunJant forest and mineral 
resources. The physical development scheme is laid out along the following indus
trial zones: Misamis Oriental Province for heavy and agri-based industries; Agusan 
del Norte for wood-based industries; Surigao del ~orte for mineral-based and fish 
processing industries: Bukidnon and Agusan del Sur for agro-processing industries. 
Misamis Oriental's develo pment will be facilitated by i ts strategic location , it 
being the center of the region. and having excellent access to sea and air trans
portation. In addition to its role as an industrial center, Misamis Oriental, with 
its capital city of Cagayan de Oro, is expected to become the financial and com
mercial center of the region. 

Misarnis Oriental , like t he rest of the Philippine provinces, has in1plemented 
social and economic development programs in conjunction with the natio nal efforts 
and regional thrust of the government. In agriculture. the province has implemented 
the nation's food production program through the fomia tion of cooperatives, 
extension programs, price supports and input subsidies. and the provision of tech
nical assistance and credit facilities to farmers. 

In industry. notable changes in the 1970s include the emergence of agricul
ture-based or natural resource-based export-oriented enterprises, including a sor
ghum processing enterprise, three chemical plants. and several large timber proces
sing plants. In addition, a large 3,000 hectare industrial estate has been developed, 
and an iron sinte ring plant has been in operation since 1976. Expected lo locate in 
this estate are various other medium and heavy industries, including an integrated 
steel plant. Othe r agriculture-based enterprises :ire also planned for the province. 
including a coco-chemical plant. 

In the area of health :ind sanitation, several programs were implemented in 
the 1970s to expand and in1provc health facilities in rural :ireas, including the con
struction of small emergency hospitals (5- lO bed capacities) in some municipalities. 
In addit ion, a vigorous campaign for the construction of sanitary facilities was con
ducted, and strong support was given to municipal and barangay governments in 
the construction of potable water supply systems. 

In the early 1970s family planning education and motivation efforts as well 
as the provision of contraceptive services were llrst implemented through the rural 
health units' network . In 1976, the province became one of seven pilot provinces 
whe re the Commission on Population's Total Integrated Development Approach 
(TIDA) was impleme nted. This approach broadened the role to be played by pro-
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vincial and local governments in the implementation of the population program. 
In 1977, the Commission's Outreach Program was launched. This program called 
for a new organizational set-up to expand family planning information and services 
beyond the usual network of rural health units and family planning clinics. Full
time outreach workers were trained and fielded in all barangays to provide intensive 
motivation, visits and referrals. Barangay Contraceptive Supply Points (BSP) were 
set up in the barangays to provide continuous supply of contraceptives. 

[n line with the national nutrition program's aim to help combat malnutrition 
especially among infants and children, a combined nutritional and educational pro
gram for young children was launched in 1976 with the establishment of day care 
centers in barangays. 

Another major development effort in the province in the 1970s was the 
improvement of infrastructure. This included the building of farm-to-market roads, 
the constrnct.ion of a concrete highway connecting the capitals of two adjacent pro
vinces and traversing the entire length of Misamis Oriental, the expansion and 
improvement of port fadlities both sea and air, and the building or improvement 
of various public buildings and facilities. The one infrastructure that stands out, 
however, and one that has influenc.ed the pace and character of provincial develop
ment is the rural electrification project established in the western segment of the 
province in 1971, and in the eastern segment in 1978. 

Under such a dynamic development setting, one would expect fertility to 
decline in the province in the same way that fe1ti.lity has declined in other regions 
of the Philippines. The question, however, is whether the presence of rural electrifica
tion had generated economic and social impact that accelerated the observed ferti
lity decline in the project areas more than what could be expected from .the impac t 
of existing development programs uninfluenced by the catalystic effect of so 
important an infrastructure as the large-scale rural electrification project. 

Conceptual Framework 

A framework fo r analyzing the relationship between fertility change and the 
economic and social change resulting from rural electrification and other develop
ment inputs can be described with the aid of Figure l. Rural electrification, inter
acting with the other rural development inputs. generates investments in electricity 
use , which in turn affect economic and social factors, and ultimately fertility 
behavior. Note that the impact of rural electrification on a particular household 
(or other microunit) arises not only direc tly through its own use of electricity, but 
also indirectly through the use of electricity by other households or by the com· 
munity as a whole. The specific mechanisms involved are outlined below as deter
mined from the results of the earlier exploratory studies (Herrin and Madigan, 
1977). 

Income, Production and Employment. Rural electrification is expected to 
affect total household income through (a) increased agricultural production/ pro-
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ductivity generated by household or public investments in electricity-dependent 
irrigation systems in areas where alternative systems are either not feasible or arc 
relatively costly; (b) increased business or trade income/ productivity generated 
by household investments in electricity-dependent machineries, tools and ap¢i
ances; (c) increased food production/productivity from livestock, poultry and back
yard gardening activities generated by household or public investments in electricity
dependent water supply systems; ( d) increased home production/productivity 
generated by household investments in electric lighting and electric durables; and 
( e) increased paid employment of household members, including women, generated 
by new job opportunities from the operation of electricity-dependent business 
enterprises. 

Health. Nutrition and Sanitation. Rural electrification is expected to affect 
health, nutrition and environmental sanitation indirectly through its effect on 
income and food production, and through (a) the increased availability of adequate 
and safe water supply generated by household or public investments in electricity
depcndent water supply systems; and (b) the increased availability of, and the im
proved health and medical services generated by public investments in electricity
dependcnt facilities and durables. 

Education. Rural electrification is expected to increase enrollment rates and 
improve the quality of education through its effects on household income, on the 
one hand, and on the other, through (a) expansion of educational services generated 
by the possibility of conducting night classes; and (b) the improvement in the 
quality of instruction through the use of electricity-dependent tools, appliances, 
and teaching aids. In addition, the proper illumination afforded by electric lighting 
in the homes is expected to improve class preparation by teachers, on the one hand, 
and to encourage and facilitate reading and completion of homework by students, 
on the other. 

Fertility. Finally, rural electrification is expected to affect current fertility 
decisions, on the one hand. through its effect in changing income, employment. 
and investment and consumption opportunities (including health and education 
of children), thus increasing the opportunity costs of children ; and on the other 
hand, through its effect in improving family planning services in the health units , 
thus helping to reduce the effective cost of contraception. 

Research Strategy 

Research Design. The main hypothesis of the study is that rural electrification 
significantly influences fertility and family planning behavior of rural households 
through various mechanisms. Ideally, the classical experimental design is a fust 
choice testing hypothesis about causal relationships. A principal feature of this 
design is the random assignment of study units to experimental and control groups. 
The random assignment of study units insures that there are no pre-existing dif
ferences between the two groups prior to the exposure of the experimental group 
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to the treatment. other than those that would be expected due to chance alone. 
However, the implementation of this ideal design is often not feasible in practice. 
Very often, as in the present case, the· rural development program has already 
been underway or will soon be inlplemented in predetennined areas based on cri
teria not related to inlpact evaluation. Hence, the requirement of random as:;ign
ment of study units t.o experimental and control groups cannot be met. As a result , 
the evidence rnling out other possible causal factors are the most difficult to 
obtain. Alternative quasi-experimental designs, e.g. a before-and-after. with-and· 
without design, can be set up to approxin1ate the ideal experimental situation . 
However, tinle and budgetary limitations often constrain inlplementation of such 
designs. In this particular research only a with-and-without design can be inlple
mented, and only imperfectly at that.* In view of this, efforts to minimize the 
potential selection bias inherent in such a design, through appropriate sampling 
and multivariate statistical techniques, constituted an important compo nent o f the 
research strategy. 

Selection of Study Areas. The with-and-without research design called for the 
selection of study areas to include areas that arc electrified and areas that are not. 
Since no prior randomization was possible, the latte r group is merely a comparison 
group rather than strictly a control group in the experin1ental sense. The western 
part of the province comprising of ten ( 10) municipalities west of Cagayan de Oro 
City, where a rural electrification project was established in late 197 1, constituted 
the electrified area. 

The eastern segment of the province (excluding Gingoog City). comprising 
14 municipalities with a population of 22,474 in 1975 comprising 36 percent of 
the total provincial population has not yet been provided with electric service at 
the time the original proposal of this research was made. This area was to serve 
as the non-electrified area. However, the municipal towns and coastal villages of 
this area has since then been provided by such service starting in June 1978, two 
years after field surveys actually began.2 In spite of this timing problem, the pro
vince still provides a natural laboratory-type situation in which a comparative study 
could be made between electrified and non-electrified o r recently electrified rural 
areas in view of the similarities of the two provincial segments in major socio
economic characteristics other than the degree to which the rural e lectrification 
project has penetrated the areas. The basic with-and-without character of the study 
design is. therefore, not significantly iltered. 

The sampling plan called for a multi-stage stratitied sampling, whereby the 
province is first divided into two segments: the western electrified segment repre
sented by the area coverage of the MORESCO l electric cooperative, and the 
eastern segment represented by the area coverage of th e MORESCO 11 electric 
cooperative. For study purposes, each of these segments was further restricted to 
include only six contiguous municipalities in MORESCO I area, and six contiguo us 

*The following discussion is exc..-erpted from Herrin (1982). 

2Funding problems delayed implementation of the research as o riginally scheduled. 



munidp:ilitirs in the' MORESCO IJ area. LL\ represent area~ with llHHC or less similar 
sociocconrnni<.: d1ar:icteristics and :.H.:ccss tu Cagayan d._, Oro C'ity. as well as rn mini
mi7.e travel cost of field opcratiuns. 1-:xcJuded municipalities in the west. namely. 
:\aawan. M:rnticao and Lugait are much doser to lligan City in the adja..:ent pro
\'illCl'. Lxduded muni..:ipalitirs in the cast. llalingoan. Talisayan. Medina and Mag
saysay. arc mud1 closer w Gingoog City and have a different type of climate 
than the rest of the provinL·r: while Tagoloan. Villanueva and Jasaa.n :nc part uf 
a recc'1Hly dewloped industrial estate. Claveria in the ease is a class by itself. a 
frontier municipality mostly engaged in cattle ranching and vegetahle growin!!.. 

l:ach restricted segrne n t n f the province was ru rt her subdivided in to a Pl'ro· 
xiI11a1cly hnrnngcnous substrata to refkct po~sibll' cornmunity-level variations in 
~•h:int'c'<lllOlllic d1ar:i.:1eristi..:s :rnd :iccc;s to deveh,pmcnt inputs. Ideally. nnt' needs 
ti) stratify bar;1ngays in each segment :iccording to physical. econorniL' amJ Jcmo-
1-traph 1..: .:harat'lcristic~ and to kvcl ,1f development hased on severnl indiratMS in
clutlint. prese11l·c of educational :mu health fadlitics. ro;iJ :.icct>ss. agricultural t'UI· 

rut. etc. Untortunatcly. s11ch indicaturs were not availahk prit>r to the survt.:y. Never
theless. :J close :.tpproximation lo the division Of each seg.mcnt into ltomogcnl'OllS 
-;tr:1t;i L·an be made by init i:i.l ly dividing barang:iys in e:ich segment into three gcD
graphic ~1ra1a. namely: (al municipal poblacion. (h) rural coastal barangay. and 
(c) rural inl;iml har:rngay . In Mi 'iamis Oriental. thi~ division rcllect~ the differential 
devclup111e111 al c'l1ara.:teris1 ics including crops cultivated. o ther economic act ivitics. 
Jistan.:e to markets. and at"..:ess to basic so..:ial and o ther services as datJ frnm tl1c 
COllllll llllity survey Of this study later verified . 

Sa111plL' ~ckc tion was dunt> as follows. All or the six muni1.:ipal poblacions in 
the cast and six i11 tl1e west were selected. Where a pohla~ion consisteJ or more 
than one barangay . a si.Jnplc random sampling was used to obiain the final barangay 
poblado11. In each sample mu nidpality. a sample barangay cai.:h from the respec.:tive 
stra ta wa~ drawn by simple random sampling. Frum ead1 sample b:irangay, appro
ximately 40 eligible housl.'holds (households with head of househlild and spouse 
present. :.rnJ the spouse is between 15 to 49 ye:irs old) were drawn by systematic 
sampling from a household list prepared earlier by the research team Juring its 
mapping and ho usehold listing operations. 

A tor;il of 1.402 households in 3(i barangays were interviewed from Septem
ber 10 November 1980. The breakdown of this is shown below. 

-----·-· 
W es t East 

Strat11 Bar1111ga_1•s Households Barangays Households 

- - -·--- -~------

Municipal Pol.Jla~ion 6 240 6 233 

Rural Coas1al 6 240 6 233 

Rural lnlant.l 6 240 6 216 

Total 18 720 18 682 
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Data Collection and Processing. Four sets of surveys were conducted, namely, 
(a) a household survey to determine the social, econom ic and demographic charac
teristics of households; (b) a conununity survey to determine the locational and 
socioeconomic characteristics of the sample barangays; (c) a user survey of business 
enterprises, educational and health units and other establishments to de termine the 
type and amount of investments in electrical capital items, and the specific uses of 
these items; (<l) an experience survey of village leaders, school officials, health per
sonnel, and other key persons on their observations and assessment regarding social 
and economic changes associated with rural electrification. This last survey was con
ducted only in the fast, which has recently been energized, since such a survey has 
been conducted earlier by the Research Institute and reported elsewhere (e.g., 
Herrin and Madigan , 1977 ). 

Profile of Sample Areas and Households 

Given the non-experimental nature of the st udy design. the problem of selec
tion bias becomes an important consideration in the analysis of the impact of rural 
electrification. Differences in the measures of the areas of concern. e.g. income, 
female employment , fertility. family planning behavior, etc .. bet ween the elec
trified and non-dectrified groups may not only be due to rural electrification, but 
also due to their prior differences in background characteristics. lt is therefore 
important to control for such prior differences in the impact analysis. The sampling 
scheme adopted for this study was primarily designed with the view of minimizing 
such possible selection bias. Additional controls will be made through multivariate 
analysis, as will be described later. This section presents some of the major back
ground characteristics of the sample areas and households v.ith the view of deter
mining significant prior differentials in characteristics that may confound the rela
tionship between rural electrification and fertility change. 

Sample Areas. In the community survey. we obtained various barangay-levcl 
indicators such as population size, access to transportation, educational and health 
services. types of economic activities, social and farm organiLations. and barangay 
development activities. Preliminary analysis reveals that access to educational and 
health services and the type of economic activities were found to be highly corre
lated with several locational variables, namely: distance to the national highway, 
distance to t he provincial capital ; and for rural barangays, distance to che munici
pal poblacions. The level of activity of social and farm organizations and of the 
barangay councils were found not to be significantly different across areas. Thus 
only locational variables and population appear at fust glance to differ across areas. 
These arc shown in Table 1. 

A regression analysis shown in Table 4 reveals, however , that the western 
(total ly electrified) and eastern (partially electrified) sam ple areas differ only 
significantly with respect to distance from Cagayan de Oro. Overall electrified 
areas are much closer to Cagayan de Oro since most are located in the west, and 
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are mainly in poblacions and coastal areas since the eastern inland areas have not 

yet been e lectrified. 
Samplr Households. For the demographic analysis comluctcd in this study, 

the sample was restricted to consist only of those households where both hus
b:md and wife arc present, Ilic husband is the household head. an<l the wife is oncc
married. age 15-49 years. and fecund, i.e. was ever pregnant and is reported Lo be 
st ill menstruating. Out of lhc Lola] 1,403 households interviewed. 1,257 house
holds (couples) were eligible. The characteristics of these households classified by 
areas (west vs. casl) and strata (municipal poblacion. coastal barangay and inland 
barangay) are shown in Tables l to 3. 

A regression analysis. presented in Table 5 , reveals which characteristics 
significantly differentiate between {a) households in the western and eastern seg-
111e11ls; :.ind (b) between households in the electrified and non-electrified areas of 

either segment. For cxarnp.lc, among others. western households compared to 
eastern households tend tn be characterized by (a) younger wives with lower 

level of educational attainment; (b) less proportion of houses made of light 
materials; ( c) less proportion owning hornclots or agricultural land ; ( d) higher pro· 
portion of households engaged in corn and tobacco production arn.l less on rice; and 
( e) more women in paid employment. These differences may have some influence 
over their fertility differentials shown in Table 6, hence, they need to be controlled 
for in analyzing the impact or rural clcclritication on fertility aml other related 
behavior. 

Table 7 and 8 describe differential characteristics of electrified versus non
elcctrified households in wcstem Misamis Oriental and in the electrified areas of 
both segments respectively. It is readily apparent that elect rifled households com
pared with non-clcdrified households tend lo be characterized, among others. by 
(a) higher level of educational attainment or the wife, (b) kss proportion with 
houses madr of lighl materials, (c) greater proportion owning their homelots. and 
(d) greater proportions found in poblacions and coastal areas than in inland areas . 
These hackground differences can be expei.:ted to inl1uencc their observed ferlility 
differentials. 

Finally , Table 9 shows indicators of electricity use in the households. In the 
west, 4 7 percent of the sample households have electric connections. The strata 
percentages are 66_ 49 and 25 ror poblacions, coastal and inland barangays, respec
tively. Jn the east where areas were electrif1cd as early as June 1978, the percentage 
of households with electric connection is 28 percent. Only the pobladon and the 
rnastal barangays have so far been eledrified as of survey time in mid- 1980. As 
Table 9 reveals. in addition to lighting, electricity is used mostly for ironing and for 
operating various types of appliances or consumer durables , most commonly radios 
a.nd phonographs. 

Fxamples of electric use in the community as well as in the household were 
described earlier in Herrin and Madigan ( 1977). The uses include the operation of 
community water supply systems, and various use in health units, schools and 
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I . Mean Populatio n. 1975 1.5 1 _I l.485 998 1.057 1.058 1.51 J 961 699 
.., 
!:.. 

2. Number of arc:is 18 6 6 6 18 6 f, 6 
3. Mc-Jn d istam·c in kilometers 1<1 : " '.:l 

Pobladon 2.53 0.0 ~ .42 5 . 17 I .I>! (l.(I 2.22 2.61 _, 
r. 

National highwa~ 1.89 O.ll 1.08 4 .58 0 .79 tl.O 0.(1 2.:18 '-

C~aya n de Oro 33 26 >5 ·'8 62 60 Ml 7 
'-

Ho11selrold Clraracteristio 
~ 

I. Sampk ho useholds 65tl 218 214 2 1 /\ 607 2tl6 20J 198 ~ 
2. Percent of housin!! with light -

materials 69. I 52.8 75 . 7 78 .9 69.7 56.8 75.4 77 .. ' '"' 
3. Percent owning housr 85.2 77 . l 89.7 89.ll 82.~ 74.3 87.2 1\6.4 ;;; 

4 . Percent ownin!! homclN nx 34 .4 25 .7 41 . J 32.1 34.5 27.6 34.3 ·~ r. 

5 . Pcrc.-nt owning a~ri. l~nd 2ti.O 16. I 21 0 4(1.8 24. 1 15.S 18 7 JH.4 
6. Pcrci:111 by t}·pc of water system: 

Pipe or privat e pump 8.3 23.9 0 .9 (J.ll I 1.2 25. 7 2.5 S. I 
Public artesian 74 .2 71. 1 90.7 f, I . ll 59 I 69.4 Sti.2 5 1.5 
Others 17.5 5.11 8 .4 J9.ll ~CJ 7 4.9 41.4 43 .4 

--- --4~ 



Table 2. Educational and Oc,·upatiunal Characteristics, Misamis Oriental. 1980 

We st 1:;· as t 

Indicator Total Municipal Coastal Inland Total Municipal Coastal Inland 
lllest Pohlacio11 Barangay Barangay West Po bloc ion Barangay Barangay 

Sample Huw·elmlds 650 218 214 218 607 206 203 198 
~ 

Ed11cation of II us band (%in Category) 
., 
;:i 

~ 
Elementary 66.3 46.8 76.2 76.1 62.J 48.5 60.6 78.2 

(') 

~. 

High School 21.5 31.2 16.9 16.5 26.5 31.0 28.5 19.9 0 
;:;! 

Colle!!e 10.2 21.7 4.3 4 .6 10.9 20.4 10.3 1.5 z 
No schooling 2.0 0.5 2.8 2.8 0.3 0.0 0.5 0.5 ~ 

::s· 
Mean years compl~ted 6.73 8.51 5.83 5.85 7.24 8.43 7. 19 6.05 ::i 

E.. 
> 

Education of Wife (% in Categroy) ,., 
"' c.. 

Elementary 66.2 51 . I 74.8 73.0 58.4 44.7 60. I 70.6 rt 
3 

High School 21.3 26.6 17.3 20.3 31. J 36.9 31.5 24.8 '< 
c 

College 10.8 21.6 6.0 4.6 I 0.2 18.0 8.4 4 .0 
\<? No schooling 1.7 0.9 1.9 2.3 0.3 0.5 0.0 0.5 g· 

Mean year~ completed 6.88 8.24 6.21 6.14 7.4 7 8.50 7.18 6.58 (') 

C> 

Occupation of llushand (% in Cate1:ory) 

farm owners 28.U 14.2 28.0 42.7 22.2 15.5 16.7 34.8 
Tenants 28.5 17 .0 25.7 42. 7 21.4 9.2 15.8 39.9 
Farm workers 9 .4 12.4 15.9 0.0 13.7 15.5 20.2 5. 1 
fishermen 2.9 1.4 5.1 2.3 12.4 6.R 18. 7 11.6 
Non-agricultural 30.9 55.0 25.2 12.4 30.3 52.9 28.6 8.6 

-"' 



Table 3. Selected Indicators of Employment and Production, Misamis Oriental, 1980 

West East 
:c 
"' ~· 

Indicator Total Municipal Coastal Inland Total Municipal Coastal Inland ;:o 
West Poblacion Barangay Barangay West Poblacion Barangay Barangay r: 

~ 
tT'I 
;;-

Sample households 650 218 214 218 607 206 203 198 ("> .. 
5 

Percem of HH in own production activities:a r. 

"' a. 
Rice 2.6 1-8 2.3 3.7 5.8 3.4 8.9 5.1 0 

:I 

Corn 61.1 37.2 56.S 89.4 25.9 10.2 15.3 53.0 ~ 
Coconut 12.9 14.7 11.7 12.4 12.7 8.3 7.9 22.2 "'-

"Tl 
Tobacco 25.I 17.0 24.3 33.9 0.0 0.0 0.0 0.0 ~ 
Fishing 14.9 16.5 21.5 6.9 18.0 21.8 26. 1 8.6 =: 
Business 16.5 25.7 15.0 8.7 14.3 25.2 13.3 4.0 -< 

r"'l :::r 
Percent of in paid employment: ~ 

"" (!> 

Husbands 33.2 50.9 28.0 20.6 47.9 51.0 51.2 41.4 
Wives 8.2 18.8 2.8 2.8 7.4 ] 3.6 6.9 1.5 

3 Households engaged in multiple activities. 



Table 4. Differential Arca C11ara.:teristics between Western and Eastern Segments an<l bctw.:en Electrified and 
:-lon-Elcctrificd Areas in Both Segments. Misamis Oriental, 1980: A Regression Analysis 

AIVEST At:U :C 
Variable Standard 

Mean Deviat ion Coeffi'cient t-value Coeff icient 

POPN/1,000 l .285 0.776 0. 154 l.483 -0.025 
DISTIIWY l .342 3.139 0.040 0.473 -0.107 
DISTCGY 48.917 16.834 - 0.022*"* - 6.133 - 0.009n • 
COASTAL 0.333 0.478 0.169 0 .41 8 - 0.095 
INLAND 0.333 0.478 0.295 1.398 -0.626" .. 
COAST AL x DISTPOB 0.772 1.173 - 0.0 10 - 0.06 1 0.057 
INLAND x DISTPOB 1.297 3.173 - 0.036 - 0.403 0. 134• 

Constant 1.232 1.484 
- 2 
R 0.575 0.523 

F 7.768 6.484 

n 36 36 

Mean 0.500 0.833 

• •• .• • . • Significant a t 0.01 . 0.05, 0 .10 levels, respect ively. For definition of the variables. s~e Annex A. 

t-value ~ ., 
::I 
!'.l 

- 0.306 
(") 

c . 
- l.61 4 

0 
::I 

"' -3.241 z 
-0.297 e;. 

c;· 
-3.759 [ 

0.449 > 
1.91 7 (") ., 

c. 
3 
'< 
0 ..... 
w ;:;· 
::I 
(") 

"' 
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Table 5. Differential Household Characteristics. Misamis Oriental. 1980: A Regression Analysis 

l/HWEST HHAELEC 
Variable Standard ---

Mean Deviation Coefficient I-value Coefficient t-val11c 
·-----· 

1. AGEW 34.175 8.017 - 0.002• - 1.722 - 0.005 - 0.543 
2. EDW 7.173 3.347 - 0.001•· - 2.847 - 0.002 - 0.648 
3. OCCH I 0.254 0.435 0 .012 0.384 - 0 .020 - 0.772 
4. OCCll2 0 .251 0.434 - 0 .066*" 2.322 - 0 .062**" - 2.630 
5. OCCH3 0 .115 0.3 19 - 0.015 - 0.369 - 0.052 - 1.515 
6. OCCH4 0.075 - 0.025 - 0.739 0 .001 0.024 
7. YCRES 0.862 0.345 0.039• 1. 711 0.013 0.692 
8. HOUSE 0.694 0.461 - 0 .031• 1.669 0 .011 0 .690 
9. OWN HOU SF. 0.839 0.367 - 0.008 - 0.341 - 0.004 - 0.187 

10. OWN LOT 0.330 0 .470 - 0 .078 ... 3.945 0.001 0.085 
11. OWN LAND 0.251 0.434 - 0.092**• - 3.007 - 0.035 - 1.398 
12. COASTAL 0.332 0.471 0 .081 1.378 - 0.133* .. - 2. 719 
13. INLAND 0.331 0.471 0 .215 ... 6.881 - 0.643 ... - 24 .840 
14. COASTAL x DISTPOB 0.775 1.160 0 .036 1.499 o.on ••• 3.919 
15. INLAND x DISTPOB 1.282 3.065 0.010• 0.752 0.154**• 14.647 
16. DISTHWY 1.332 3.026 0.002 0.131 - 0 .123 ... - 12.507 
17. DISTCCY 48.107 16.308 - 0.{l20··· - 35.996 - 0 .008 ... - 16.455 
18. POPN/ 1.000 I .306 0.762 0.150 ... 10.51 2 - 0.030°* - 2. 129 
I 9. WATER! 0.097 0.296 0.011 •• 2.002 0.036 1.208 
20. WATF.R2 0 .669 0.471 0.101• .. 5.121 0.049** 0 2.845 
21. RICE 0.041 0.199 - 0.211 ... 5.194 0.03 1 0.928 
22. CORN 0.441 0.497 0.179*** 7.846 0.074 ... 3.935 
23. TOBACCO 0 .130 0.336 0204° .. 7.770 0.185°• 8.476 
24. COCONUT 0 .128 0.334 0.006 0.238 - 0.074* .. -- 3.462 
25 . FISHING 0.169 0.375 0.020 0.610 0.020 0.712 
26. BIJSINF.SS 0. 154 0.361 0.009 0.414 0.0 14 0.750 
27 . WEMP 0.078 0.268 0.097••• 2.580 0.027 0.947 

Constant 1.124 1.358 
- 2 
R 0.713 0.628 

r I 16.6711 79.627 

n 1.257 1.257 

Mean 0.517 0.842 
Standard Deviation 0.500 0.364 

••• .•• .•Sijtnificant at 0.01. 0.05 <HO levels, respectively . For definition of th~ variables, see Annex A. 

public buildings. In a<ldition. electricity was found to be used in the irrigation of 
some fanns. ln this sample, however, of the 15 households in the west and 26 in the 
east which uses irrigation , all use gravily systems rather than electric pump sets. 
Hence. thr effect of electrification on farm production through irrigation will not 
be captured by the data. 

The use of electricity in business, schools and health units based on the user 
survey conducted for this study will be presented in a separate report. 



Table 6. Fertility and Family Planning Indicators, Misamis Oriental , 1980 

W e st £a st 
-·-·- --- ::;l 

Indicator All Municipal Coastal Inland Total Municipal Coastal Inland "' :i 
West Poblacion Barangay Barangay East Polllocion Barangay Baranga)' ii'! 

~ a· 
:i 

Number of Sample Households "' z 
(Eligible Women) 650 218 214 218 607 206 203 198 ~ 

Mean Children Ever Born 4.SB 4 .41 4.71 4 .62 5.13 5.46 4 .65 
a· 

5.25 :s e. 
% With Live Birth Past 2 Years 42.5 38.6 42.7 46.l 41.l 44..2 40.7 38.4 > 

() 

% With Live Birth Past 5 Years 67.3 58.1 71.4 73.3 68.9 68.4 66.5 71.7 
., 
p. 

% Ever Used f'P Methods 66.9 78.0 63.6 58.3 53.7 62.6 57.6 40.4 "' 3 
% Ever Used Modern FP Methods 42.8 50.0 4 7.2 31.2 26.5 31. l 28.J 20.2 '< 

60.6 45.8 44.5 35.6 
0 

% Current Use of FP Methods 50.3 37.4 44 .8 24.2 ...., 
% Current Use of Modern FP 

Vl 
(") 

;;· 
M~thods 29.J 34.0 31.3 21.l 18.6 20.9 22.7 12. l ::i 

(") 

% Ever Visited FP Clinic 70.3 75.7 41.5 63.8 53.2 5 l.S 6 1.6 46.5 "' 
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Table 7. Differential Household Characteristic' between Eh:ctrificd and Non-Electrified 
Houscholus. Western Misamis Oriental, 1980: A Regression Analysis 

HELE CW 
Variables Standard 

Mean Deviation Coejjic:ient t·l'Olue 

I. AGEW 33.322 7.693 0.004* 1.764 
2. EDW 6.885 3.471 0.023* 0 3.839 
3. OCCHI 0.283 0.451 - 0.09R - l.520 
4. OCCH2 0.285 0 .452 - 0.1 44** - 2.261 
5. 0C('H3 0.094 0.292 0.277*** 2.94 1 
6. OCC'H4 0.029 0 .169 - 0. 140 - 1.344 
7. YCRES 0.866 0 .341 0.041 0.826 
8. HOUSE 0.69 1 0 .463 - 0. 157••• - 3.798 
9. OWNllOUSE 0 .852 0.355 - 0.028 - 0.54 3 

10. OWN LOT 0.338 0 .474 0.098** 2.242 
11. OWN LAND 0.260 0.439 - 0.086 - 1.363 
12. COASTAL 0.329 0.470 0.385*** 2.926 
13. INLAND 0.335 0.472 0.007 0.088 
14. COASTAL x DJSTPOB 0.8 10 1.224 - 0. 185*** - 3.690 
15. INLAND x DISTPOB 1.662 3.986 - (l.098*** - 3.632 
16. DISTHWY 1.831 3.927 0 .090* .. 3.596 
17. DISTCGY 35.883 9 .966 - 0.001 -0.541 
18. POPN/1.000 1.512 0.886 0.010 0.2 12 
19. WATER I 0.083 0.276 0. 156* 1.7 23 
20. WATER2 0.742 0 .438 0.089* 1.645 
21. RICE 0.026 0.160 - O.ll28 - 0.264 
22. CORN 0.611 0.488 -0.033 - 0.601 
23. TOBACCO 0.25 1 0.434 0.06Q 1.536 
24. COCONUT 0. 129 0.336 0.047 0 .831 
25. FISH INC 0. 149 0.357 - 0. 125* - 1.725 
26. BUSINFSS 0 . 165 0.37 1 0.230*** 4.873 
27. WEMP 0.082 0.274 0.098 1.300 

Constant 0.225 
- 2 
R 0.324 

r 12.530 

n 650 

Mean 0.465 

Standard Deviation 0.499 

• • • , • • , • Significant at 0.01 , 0.05, 0. 10 levels, respectively. 
For definition of variables. sec Annex A. 
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Table 8. Differential Household Characteristics between Electrified and Non-Electrified 
Households, Wescern Misami.s Orienllll, 1980 : A Regression Analysis 

HELECWE 
Variables Standard 

Mean Deviation Coefficient l·l'alut• 

I. AGEW 34.097 7 .934 0.004° "'* 2.275 
2. EDW 7.284 3.463 0.031*** 6. I 33 
3. OCCHl 0.237 0.425 - 0.106** 1.995 
4. OCCH2 0.222 0.416 - 0. 152*** - 3.083 
5. OCCH3 0.126 0.332 0.019 0.282 
6 . OCC'H4 0.067 0.250 - 0.138*" -2.315 
7. YCRES 0.859 0 .348 0.082° 2.117 
8. HOUSE 0.679 0.467 - 0.198° .. - 6.031 
9. OWNHOUSE 0.834 0.372 0.078 0.205 

10. OWN LOT 0.327 0.469 0.059* 1.712 
11. OWN LAND 0.226 0.4 18 - 0.016 - 0.317 
12. COASTAL 0.393 0.489 0.171 * 1.786 
13. INLAND 0.206 0.405 0.042 0.664 
14. COASTAL x DISTPOB 0.916 1.208 -0.072* -- 1.839 
15. INLAND x DISTPOB 1.022 3.228 - 0.083°*' -3.370 
16. DISTHWY 1.125 3.205 0.072 3.184 
17. DlSTCGY 44.759 15.173 - 0 .002 - 2.117 
18. POPN/1 ,000 1.414 0 .772 0.050** 2.027 
19. WATER ! 0.106 0 .308 0. 105• 1.655 
20. WATER2 0.699 0.459 0.045 I . I 32 
21. RICE 0.040 0. 195 0. 110 - 1.5 I l 
22. CORN 0.424 0.494 - 0.012 - 0.289 
23. TOBACCO 0.154 0.36 1 0.076* 1.753 
24. COCONUT 0.111 0.314 0 .049 l .030 
25. FISHING 0.184 0.387 0.018 0.33 1 
26. BUSINESS 0 .176 0.381 0. 199°** 5.430 
27. WF.MP 0.090 0.286 0.01 9 0.344 

Constant 0. 113 
- 2 
R 0.278 

r 16.083 

n 1,057 

M ean 0.446 

Standard Deviation 0.497 

•••.•• .•Significant a l 0 .0 1 , O.OS, 0. 10 levels, respectively. 
For definitio n of variables, see Annex A. 



Table 9. Indicators of Electricity Use in the Household, Misamic; Oriental, 1980 

---------- .. ;i:: 

" West J:; al I 
ffi· 

Indicator Total Municipal Coastal Inland Total Municipal Coastal inland ;i:i 
i:: 

ll'cst Poblacion Baranga)' Barangay East Poblacio11 Barangay Baronga.1· g_ 
~ ... 

203 198 
0 

Sample Houscholus 650 2t8 214 21 IS 607 206 g. 
0.0 

_, 
Percent of HH with electricity 46.5 66.l 48.6 24.8 28.0 51.5 31 .5 g 
Number of HH with clet:tridty 302 144 104 54 170 106 64 0 0· 

:l 

"" Percent of H H u'ing electricity R 
other thai1 fo! J.i&l1ting :* ..,.. 

Cooking 7 .9(24) LS.3<22) 1.9(2) ().0(0) 0.5( I) 0.91 l) O.ilW) 0.0(0) ~ 
a. 

Ironing 24.5174) 42.4(61) 7.7(8) 9.3(5) 15.3(26) l 7 .0(18) 12.5(8) 0.0(0) Q 

Water suppl)• 1.3(4 ) 2.8(4) 0 0(0) 0.0(0) O.f.l(O) 0.0(0) 0 .0(0) 0.0!0} r: ;:r 
Appliances 57 .3( I 7 3) 63.2(91) 62.1 (55) 50.0(27) 37.6(64) 42.5145) 29.7(19) 0.0( 0) '-' :l 

"" ·--- . - "' 
"Number in parenthesi.s ar~ actual number of houschokb. 
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Statistical Analysis 

This section presents the results of exploratory statistical analysis to deter
mine the relationships between rural electrification and fertility/ family planning, 
as well as between rural electrification and other factors that are likely to affect 
fertility/ family planning in a dynamic context. i.e., household income, female 
employment and new consumption possibilities. In view of the cross-section nature 
of our survey data, the approach adopted in our analysis is to view current fertility, 
family planning practice, and other important household changes as joint~v deter
mined by a common set of exogenous factors , including the presence of rural elec
trification. The followi ng set of semi-reduced form equations are estimated using 
ordinary least squares regression analysis. 

where 

(l) FERT: l, H, LOC, YAELEC 
(2) FPLAN: I, H, LOC, YAELEC 
(3) HH!NCOME: I, H, LOC, YAELEC 
(4) WEMP: I, H, LOC, YAELEC 
(5) HELEC: I , H, LOC, YAELEC 

FERT 
FPLAN 

HHINCOME 

WEMP 
HELEC 

current fertility 
current practice of family planning methods 
household income from all sources during the pasr 
12 months 

= current wife's labor force partidpation 
presence of electricity in the home, which proxies ior 
the demand for new consumption goods 

For the definition of specific variables used in actual regressions to be described 
below, see Annex A. 

Current Fertility. Table I 0 presents the regression on fertil ity during the past 
five years (FERT 5). The sample of women used in this regression was further 
restricted to include o nly those who were married prior to the beginning of the cur
rent reference period. The results show that while the coefficient of the rural 
e lectrification variable (Y AELEC) is negative as hypothesized, it i:s significant only 
at the 0.20 level, i.e., below the usually acceptable levels of significance. Because 
the electrificatioi1 variable re flects the Lota/ effects of electrification on fertil ity, 
it may be possible that its various potential positive and negative effects tend to 
cancel out, thus leaving an overall effect that is not highly significant. 

Table I I presents the regression on fertility during the past two years (FERT 
2). In addition to previous re~trictions, the sample for this regression was restricted 
to women who have been married two years or more. The coefficient of Y AELEC 
is now significant at the usual levels, and is consistent with our hypothesis that rural 
electrifica tion is negat ive related to current fertility behavior. 
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Table 10. Regression on Live Births During the Past Five Years Misamis Oriental, 1980 

- ·----·- - - ----- ··-
FERTS 

Standard 
Variables Ml!lln Deviation Coefficient I-value 

AGEW 35.845 7.216 - 0 .079*** -13.485 
EDW 6.897 3.276 - 0 .0 15 - 1.454 
PPACITYS 4.204 2.951 0.016 1.1 75 
OCCHJ 0.268 0.443 0. 140 - l.229 
OCCH2 0.254 0.436 - 0.082 -- 0 .894 
occm 0. 1I 8 0 .323 0 .133 1.252 
OCCH4 0.069 0.253 0 .205 1.550 
YCRES 0.86 l 0. 346 - 0 .220** 2.552 
HOUSE 0.673 0.469 0.233*** 3.414 
OWNHOUSE 0.874 0.332 - 0.250*** 2.652 
OWN LOT 0.354 0.479 0.008 0 .11 0 
OWN LAND 0.262 0.440 - O.Dll - 0 .099 
COASTAL 0 .329 0.470 - 0.445** 1.966 
INLAND 0.334 0.472 0 .008 0.069 
COAST AL x DISTP013 0.773 1.161 0.077 0 .839 
INLAND x DISTPOB 1.232 2.921 0.038 0.823 
DISTHWY 1.294 2.879 0.029 0.665 
DISTCGY 48.127 l 6.305 0.002 0.630 
POPN/1,000 1.306 0.766 0.075 1.332 
YAFLEC 4.303 3.695 - 0.017 - l.280 

Constant 4 .527 
- 2 
R 0.292 

F 23.206 

n J ,078 

Mean 1.210 

Standard Deviation 1 .120 
--------- - --·--·-----··- ··- ·- ·· -- ·- ·-·--··- - -·------

.... , ••,•Significant at O.Ol, 0.05 and 0.10 levels, respectively. 
For definition of variables, See Annex A. 

An examination of the other variables in both regressions reveal tha t only a 
few are significant. This is not surprising since our sampling approach was in fact 
designed to minimize prior differences in background characteristics other than the 
presence of rural electrification. Of the significant coefficients, however, all are of 
the expected signs. 

Current Family Planning Practice. Given a time lag in whi<.:h rural electrifica
tion begins to affect a large proportion of the population, we might also expect a 
corresponding lag in measurable response on fertility. The significant coefficient 
of Y AELEC o n FERT 2 hut not on FERT 5 may also be interpreted in this light. 
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Table 11. Regression on Live Births During the Past Two Years 

Misamis Oriental, 1980 

·------------------------~·---···-

Variables 

AGFW 
F.DW 
PPARITY2 
OCCHI 
0('012 
occm 
OCCil4 
YCRES 
l-IOUSE 
OWN HOUSE 
OW;\' LOT 
OWN LAND 
COASTAL 
INLAND 
COAST AL x DISTPOB 
INLAND x DISTrOB 
DISTHWY 
DlSTCGY 
POPN/l ,000 
YAELEC 

Constant 
-·2 
R 

F 

n 

Mean 

Standard Deviation 

Mean 

34.664 
7.093 
4.547 
0.256 
0.253 
0.115 
0.075 
0 .861 
0.688 
0.855 
0.338 
0.254 
0.331 
0.332 
0.773 
l.272 
1.326 

48.138 
1.306 
4 .321 

FF:RT 2 
Standard ---·-----· 
Deviation 

7.761 
3.336 
3.001 
0.437 
0.435 
0 .319 
0.264 
0.346 
0.463 
0.352 
0.473 
0.435 
0.47 l 
0.471 
1.159 
3.039 
2.999 

16.326 
0.765 
3.701 

Coefficient 

- 0.463*** 
- f>-003 

0.035*** 
0.872 
0.738 

- O.Ql l 
0.073 

- 0.036 
0.090** 
0.090** 

- 0.015 
- 0.017 
- 0.147 

0.043 
0.015 

- 0.008 
0.008 
0.001 

- 0.010 
- 0.015" 

2.228 

0.246 

20.633 

1,207 

0.558 

0.664 

51 

r-1•alue 

-15.l 17 
- 0.503 

4.600 
- 1.3 I 6 
- 1.397 
- 0.184 

0.990 
- 0.724 

2.248 
2.248 

- 0.344 
- 0.268 
- I .132 

0.639 
0.283 

- 0.296 
- 0.311 

0.396 
- 0.3.l 3 

- · 31.899 

-------~------·----·--·-----------··----------·-----------

***,~•,•Significant al OJ) l , 0.05 and IL IO ltivels, resp.cctively. 
For definition of variahl~s, See Annex A. 

lf this interpretation is correct, then we should expel'i to sec a strong observable 
impacl or rural clcctril'ication on the practicx of family planning methods in the 
current period, i.e. , at time of interview. Table 12 does in fact reveal a strong posi
tive relationship Qetwcen YAELEC and the practice of family planning methods, 
especially the modern methods (pill, ruo or sterilization). 

Other Household Changes. Tables 13 to l 5 present regressions on specific 
household changes that are in turn expected to influence fertility in a dynamic con
text. Table I 3 suggests that the total effect of rural electrification on current house
hold income is positive and significant, after controlling for other factors. We inter-
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Table 12. Regression on the Use of family Planning Methods 
Misamis Oriental, 1980 

-··- -- -·- _ ,_ ._ ________ _ 
FPUSEA FPUSEM 

Variables 
Coefficient I-value Coefficie11t 

AGFW -0.002 - 0.989 - 0.005** 
EDW 0.021 *** 4.330 0.014 
CEB 0.009 1.564 (l.008 
OCCHl . 0.084 -· 1.580 -0.059 
OCCH2 -0.048 - l.139 - 0.028 
OCCH3 -0.027 - 0.548 0.053 
OCCH4 -0.052 - .0886 - 0.086* 
YCRES - 0.062 - 1.552 - 0.069** 
HOUSE -0.056* -1.731 -0.056** 
OWN HOUSE 0.004 0.106 0.044 
OWN LOT 0.014 0.416 0.074** 
OWN LAND - 0.002 - 0.033 - 0.010 
COASTAL 0.238** 2.3 10 0. 106 
INLAND --0.035 - 0.633 - 0.038 
COASTAL x DlSTPOB -0.075* .1.816 . 0 .024 
INLAND x DISTPOB 0.063*** 2.924 0.027 
DlSTHWY -0.071 *** - 3.482 - 0.034* 
DISTCG'r' . -0.004*** - 2.659 0.00 1 
POP N/ 1.000 - 0.014 - 0.527 0.002 
YAELEC 0.014** 2.286 0.018*** 

Constant 0.575 0.309 
-2 

0.092 R 0.048 

F 7.332 4.148 

n 1,257 1,257 

Mean 0.432 0.240 

Standard Deviation 0.495 0.427 
-------~-----------· 

• • •. • • , • Sign.,ficant at 0.0 I , 0.05 and 0. J 0 levels . respectively. 
For definition of variables, s~e Annex A. 

t-Palue 

- 2.557 
0.330 
1.548 

- 1.259 
- 0.745 

1.226 
-1.638 
- 1.979 
- 1.957 

1.248 
2.391 

- 0.213 
1.170 

- 0.786 
- 0.668 

1.405 
-1.906 

0.833 
0.095 
3.369 

pret this significant relationhips in tenns of the effect of rural electrification on the 
generation of new production and employment opportunities in the project area. 
The growth of these opportunities have likewise increased female employment , as 
revealed in Table 14. Opportunities for female employment may be looked upon as 
providing an alternative source of satisfactio n previously provide<l by having many 
children. Hence, we would expect fertility to decline further as female employment 
expands in the future. 

Finally , Table 15 suggests that the number of households having electric con
nections increases over time, after controlling for other income-related variables. 
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Table 13. Regression on Family Income, Misamis Oriental 

HHJNCOMJ:: HHINCOMEX 
Variables 

loefficienr c-value Coefficietlt t-value 

AGEW 0.019*** 3.481 0.032*** 4.076 
lDW 0.034 .. 2.546 0.089*** 4.624 
OCCH1 0.135 - OJ!91 -0.402* - 1.817 
OCCH2 0.136 1.134 - 0.076 - 0.436 
OCCHJ - 2.266*** - 16.248 - 0.023*** - 11.122 
OCCH4 - 0.436*** - 2.601 - 0.197 - 0.805 
YCRES -0.024 -· 0.215 0.011 0.067 
HOU SF -0.422*** - 4.611 - 0.569*** - 4.263 
OWNllOUSE --0.078 0.688 0.139 - 0.835 
OWN LOT . 0.043 - 0.436 - 0.081 - 0.564 
OWN LAND 0.223 1.545 - O.Dl I - 0.054 
COASTAL 1.084'" .. 3.716 0.553"'** 3.654 
INLAND 0.109 0.702 0.287 J .270 
COASTAL x DISTPOB - 0.353*** - 3.023 0.500*** 2.938 
INLAND x DISTPOB - 0.644 - 1.055 - 0.191** - 2.147 
DISTHWY 0.183*** 3.150 0.362*** 4.277 
DISTC"GY -0.003 0.829 - 0.005 0.880 

l'OPN/ l.000 0.203* 0 2.732 2.261 .. 2.412 
YAELEC 0.058* .. 3.350 0. 123***" 4.853 

Constant 6.899 5.643 
-2 
R 0.324 0.231 

F 32.631 20.878 

n 1,257 1,257 

Mean 8.233 8.015 

Standard Deviation 1.629 2.2 2.227 
·-----··~ -· -·- ---·-

• ••.••,•Significant at 0.01. 0 .05 and 0 .10 levels, respectively. 
For definJtion of variables, See Annex A. 

This implies that the impact uf rural electrification may not be easily measurable 
until such time that a critical number of households have had effective use of elec
tricity in their homes. The use of electricity in the home reduces the effective cost 
of electricity-dependent consumer durables, and hence increases the demand for 
such goods. This new consumption opportunities may generate aspirations for new 
lifestyles that may no longer be consistent with high fertility. 

Conclusion and (}i<;cussion 

The results obtained thus far suggest that rural electrification is significantly 
related to current fertility and current contraceptive behavior, as well as to house-
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Table 14. Regression on Wife's Labor Force Participation, Misamis Oriental, l 980 

WEMP 
Variables 

Coefficient t-~alue 

AGEW 0.008*** 7.118 
EDW 0.034*** 14.922 
CED - o.013•u - 4.649 
OCCHl - 0.064** - 2.516 
OCCH2 -· 0.048"'* - 2.364 
OCCH3 - 0.061** - 2.570 
OCCH4 - 0.013 - 0.450 
YCRES 0.009 0.487 
HOUSE - 0.035** - 2.252 
OWNHOUSE - 0.015 - 0.798 
OWN LOT - 0.01 I - 0.672 
OWNLAND 0.003 0.108 
COASTAL O.o28 - 0.579 
INLAND - 0.021 - 0.813 
COASTAL x DISTPOB 0.009 0.466 
INLAND x DISTPOB 0.006 0.554 
DISTHWY - 0.001 - 0.010 
DJSTCGY 0.001 0.800 
POPN/ l,000 0.020 1.586 
YAELl::C 0.055* 1.857 

ConsU!nt - 0.375 
- 2 
R 0.290 

F 26.683 

n l,257 

Mean O.Q78 

Standard Deviation 0.268 

• ••, • •, •Significant at 0.01 , 0 .05 and 0 . 10 levels, respectively. 
For definition of variables, see Annex A. 

ho'ld incomes, female employment, and consumption behavior. Jn view of the cross
section, non-experimental nature of the data, however, cause-and-effect interpreta
tions must be made with caution at this point. A proposed second phase of this re
search to be implemented sometime in 1985, would allow for a q uasi-experirnental 
design, i.e. a before-after, modified with-and-without design. The results of this 
second phase should add more confidence to our conclusions. 

The study of the demographic impact of development programs is more than 
just of an academic interest. Fertility has declined in the Philippines as elsewhere 
in several less developed countries. But the rate of fertility decline in the Philippines 
has not been sufficiently fast enough in the recent past to merit optimism that the 
fertility goals implied in the current development plan can be achieved, i.e. replace-
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Table 15. Regression on the Presence of Electricity in the Household, Misamis Oriental, 1980 

Electrified Household (HELEC) Year J:.'lectrified ( YJIEU:X) 

Variables Coefficient t· value Coefficient I-value 

AGEW 0.005* .. 3.099 0.040*** 4.825 
EDW 0.031 *** 7.859 0.081 ... 3.973 
OCCHI ··- 0.129'"** -2.858 - 0.755*** · 3.223 
OCCH2 -- 0.169 .... -4.754 ·- 0.54 7"** - 2.958 
OCCH3 - 0.022 - 0.528 0.157 0.727 
OCCH4 - 0.137** - 2.758 - 0.413 . 1.596 
YCRES 0.050 1.485 0.452**• 2.595 
HOIJSE - 0.182**• - 6.662 0.732*** --5.175 
OWNHOUSE 0.010 0.300 0.203 1.155 
OWN LOT 0.091 *** 3.109 0.431 *** 2.827 
OWN LAND - 0.032 . 0.736 0.215 0.965 
COASTAL 0.094 1.082 1.165* .. 2.587 
INLAND - 0.180*** - 3.891 0.333 l.389 
COAST AL x DrSTPOB - 0.054 - 1.546 - 0.480*** - 2.657 
INLAND x DISTPOB - 0.046** ·- 2.551 - 0.405*** -·4.299 
DISTHWY 0.046*** 2.673 0.406*** 4.522 
DISTCGY - 0.001 - 0.642 - 0.011* - l.916 
POPN/ 1,000 0.018 0.806 0.065 0.569 
YAELEC 0.025*** 4.862 0.193**" 7.160 

Constant 0.096 -- 1.233 
- 2 
R 0.323 0.244 

F 32.504 22.286 

n 1,257 1,257 

Mean 0.376 l.145 

Standard Deviation 0.484 2.380 

... .. , *Significant at 0 .01 , 0.05 and 0 . 10 levels , respectively. 
For definition of variables, See Annex A. 

ment fertility by the year 2000 or thereabouts. An analysis of recent fertility 
decline in the Philippines up to 1975 suggests that the most rapid decline in marital 
fertility occurred among highly educated parents with high incomes aud living in 
the urbanized areas of Metro Manila, Southern Luzon and Central Luzon (Herrin, 
1982).* On the basis of fragmentary evidence, this decline is understandable in 
tem1s of (a) the changing structure of costs and benefits of children, as perceived 
by parents, associated with urbanization, industrialization, and educational advance
ment, and (b) the socioeconomic and locational advantage of these parents in terms 
of access to contraceptive infonnation and supplies provided by both program and 

*The following discussion is excerpted from Herrin (1982). 
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non-program outlets. Further fertility decline in these areas may be expected from 
the impact of development and l'amily planning programs :ii ready in pince through 
some diffusion process, perhaps along the Western- type demographic tr:msilion. 
But what arc the prospects for fe rtility dedinc for the rest ~)f the pnpulation? Arc 
high levels of Western-type modernization a necessary nimlitioll for rapid fertility 
decline in the future? If so. can the extent Jn<l pace 0f broad-based sodoeconomic 
development expcc.:tcd in the decades ahead sufficient to depress fertility to levels 
consistent with current development goals? 1 f not. then where does thi~ leave us? 

An aHalysis of recent fe rtility change in some countries seem to provide a 
basis for viewing the determinants of fertility change in a different light. Whik 
Western-type 111odemizatio11 may be a sufficient condition for sustained fcnility 
decline, it need not be a necessary condition. In a rece11t appraisal 1)f thet)ries of 
fertility decline, Freedman ( 1979) suggested hypotheses tha t haw important policy 
significance for population planning in Jess developed rnuntries, such as the Philip
pines. These hypotheses are: "(I) that subsets of objective devf'lnpment altera
tions, much small0r than those that characterized the West. can provide 111utivations 
for lower fertility today: and ( 2) that under modern ,·.omlitions. ideas and aspira
tions for a differeut way of life tra1m:cnding wllai is actually available arc also 
imporlanl in mo tivating lower fertility." (freedman. 1979. p. (15). 

What arc these "subsets of objective developmcllt alterations:"! This study is 
designed primarily to identify specific aspects of development sho rt of massivr 
socioeconomic transformatio11 . th:rn .:a.n significantly influence t.:u rrcnt ferti lity 
and family planning behavior in a rural setting. 

Viewed from the perspec ti~t" of Freedman's hypotheses, one nrny interpret 
small bu t cumulative changes assoc.;iate<l with rural clcctrifica1ion as potential moti
vating factors for changed behavior in both economic and demographic sphcr<'~
For example. the convcniencc aJfordL·d by clcclric illurninalion in the home, nur
mally ta.ken for gramcd by city fnlb, may have a prnfound aspirat i•>nal impact 
among rural households who never thought such a fociliry would ever he possihl.: 
in their lifet ime. The same can be saiu for elcctriL·alty operated •..vater supply 
systems in the community. The reduced L'Ost of operating electrically puwl~red 
communication items, e.g. radio. TV in some cases, etc., may help 5pread out 
modern ideas and n::w li festyles quickly in a p1edomi11antly rum! setting. From 
fhrse sma!J cliangcs, one can add new sets or CL'c.momit: opportunitic:- that might 
arise associated with the advent of rural ele .. :t rificat ion. e.g. 11L~W husincsscs and 
industrial enterprises providing additional cmployrneut in the area, or other changes 
that signal to households possibilities for a new tife consistenl with a small family 
size. 

The idenlificalion of these suh~ets of development can provide a basis for 
designiI1g development programs and projects that indirectly affect demographic 
behavior while lht~Y achieve their specific sectoral objectives. 
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Annex A 
List of Variables 

(n = l ,257) 

Symbol Definition/ Measurement Mean Standard 
Deviation 

A. Dependent 

I . AELEC Area electrification s tatus, all 
~ample areas ( I = if barangay is electri-
fied ; 0 = otherwise) .833 

2. A WEST Arca electrification status in Western 
segment ( I = ifbarangay in West is 

electrified; 0 = ot hcrwise) .500 

3. ff RT 5 fertility <luring the past five years 
(actual number of live births) l.210 1.120 

4 . FERT 2 Fertility during the past two years 
( I = if the woman has had a live 
birth; 0 =otherwise) .558 0.664 

5. FPUSEA Current use of any family pl:inning 
methods (I = if the woman is 
currently using any method ; 
0 = olherwise) 0.432 0.495 

6. FPLJSEM Current use of modern family planning 
methods (I ==if wife current uses either 
pill. IUD ur either spouse is stuiiized: 
0 = otherwise) 0.240 0.427 

7. HELFC Electrifa:ation status of the fH)Usehold 
in all sample art>as ( 1 = if house is 
eh:ct rificd; 0 = o thcrv.'isc) 0.576 0.484 

~. lffLECW f lect rifo.:at ion ~tallls of the household 
in Western S\'gment (1 = if house is 
ekct rifled; 0 = otherwise) 0.465 0.499 

9. llELEC'WE Flectrificalion status of the household 
in Western and Eastern 
electrified area~ (I = if house is 
electril1ed; 0 = ot herwisc) 0 .446 0.497 

10. HHAELEC Location of household by area 
electrification status (I == if household 
is in the electrined areas; 0 =otherwise) 0.842 0.364 
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Symbol Definition/ Measurement Mean 

11 . HHWEST Location of household by provincial 
segment ( 1 = if household is located 
in the Western segment ; 0 =otherwise) 0.51 7 

12. HHINCOME Natural logarithm of to tal annual 
household income from all sources, 
inclusive of wife's income 8.233 

13. HHINCOMEX Natural logarithm of household income 
exclusive of the wife's income 8.015 

14. WEMP Current labor force participation of the 
wife ( 1 = if wife works in paid 
employment or in own business; 
0 =otherwise) 0.078 

15. YHELEC Number of years the household has 
had electric connection. 1.145 

B. Independent 

l. AGEW Age of the wife in completed years 34.1 75 

2 . CEB Total number of children ever born 4.847 

3. COASTAL Coastal area (I = barangay is located 
in coastal area; 0 = otherwise) 0.332 

4 . COASTAL x Distance of' coastal area from poblacion 
DISTPOD (interaction tenn between COAST AL 

and DISTPOB) 0.775 

5. DISTHWY Distance of barangay to the national 
highway in kilometers 1.332 

6. DISTCGY Distance of barangay to Cagayan de Oro 
in kilometers 48. 107 

7. EDW Highest grade of schooling completed 
by the wife 7. 173 

8. HOUSE Type of material used in house 
construction (1 = light materials: 
0 =mixed or heavy materials) 0.694 

9. INLAND x Distance of inland area to poblacio n : 
DISTPOB (interaction term between INLAND 

and DISTPOB) 1.282 

Standard 
Deviation 

0.500 

1.629 

2.227 

0.268 

2.380 

8.017 

2.965 

0.471 

1.1 60 

3.026 

16.308 

3.34 7 

0.461 

3.065 
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Symbol Definition/ Measurement Mean Standard 
Deviation 

-·-··---·---

10. OCCHK Occupation of the husband (I = if in 
category .k; 0 =otherwise where 
k is coded as 

I Fann owners 0.254 0.435 
2 = Tenants 0.251 0.434 
3 Farm workers 0.115 0.319 
4 Fishermen 0.075 0.263 
5 Non-agricultural occupations 

11. OWNHOUSE Ownership of house ( 1 = if own house; 
0 = otherwise 0.839 0.367 

12. OWNLOT Ownership of homelot (I = ifown 
homelot; 0 =otherwise 0.330 0.470 

13. OWNLAND Ownership of agricultural land ( 1 = if 
own agricultural land; 0 =otherwise) 0.251 0.434 

14. PPARITY5 Number of children ever born five 
years prior to the current period 4.204 2.951 

15. PP ARITY2 Number of children ever born two years 
prior to the current period 4.547 3.001 

16. POPN/ 1,000 Population size of the barangay divided 
by 1,000 1.307 0.763 

17. YCRES Ye3Is in current residence (I = if the 
couple has resided in the barangay 
before 197 l; 0 =otherwise) 0.862 0.345 

18. YAELEC Number of years since the barangay 
was electrified 4.305 3.698 

19. WATERK Type of water supply ( 1 = if in category 
k ; 0 =otherwise where k is coded as 

= Piped into house 0.097 0.296 
2 = Artesian wells 0.669 0.471 
3 = others 

20. RICE 1 = if household engaged in rice crop 
production in the past 12 months; 
0 = otherwise 0.041 0.199 

21. CORN if engaged in corn production ; 
0 = otherwise 0.441 0.497 
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Symbol 

22. TOBACCO 

23. COCONUT 

24. FISHING 

25. BUSINESS 

Herrin, Rural Electrification and Fertility Change 

Definitio n/ Measurement Mean 

I if engaged in tobacxo production ; 
0 = otherwise 0. 130 

I if engaged in coconut production; 
0 = otherwise 0.128 

if engaged in fishing; 0 = otherwise 0.169 

if engaged in business; 0 =otherwise 0.154 

Annex B 

List of Sample Areas 

Misamis Oriental West 

1975 Census 1980 Actual 
Jlomr:lwld Coum Coum 

S tandard 
Deviation 

0.336 

0.334 
0.375 

0.361 

No. of 
Jnten•iews 

·- ·---·-·-----··------- ------ ------- -

I. Municipal Pob/acio11 

I . El Salvador 
2. Alubijid 
3. Laguindingan 
4 . Gitagum 
5. Libertad 
6. lnitao 

Sub-total 

II. Rural Coastal Baranga)' 

I. Kibonbon, El Salvador 
2. loguilo. Alubijid 
3. Liberty, Laguindingan 
4 . Burnay, Gitagum 
5. Gimaylan, Libcrta<l 
6. Tubigan. lnitao 

Sub· total 

Il l. Rural Inland Barangay 

I. Calungonan, El Salvadnr 
2. Lagtang, Alubijid 
3. Kibaghot, Laguindingan 

464 
380 
255 
2<>0 
400 
68t 

2.440 

126 
173 
162 
145 
174 
224 

1.004 

270 
123 
24 1 

581 

404 
29 1 

255 
453 
735 

2,71 ') 

162 
252 
157 
148 

208 
23<1 

1. 163 

328 
13 l 
248 

40 
40 
40 
40 
40 
40 

240 

-W 
40 
40 
40 
40 
40 

240 

40 
40 
40 
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4 . Tala-o. Gitagum 
5. Lubluba11, Lihcrta<l 
6. Canitoan. lnitao 

Sub-total 

CramJ Total 

1975 Census 1980 A ctual 
Househo /J Count Count 

109 
108 
213 

1.064 

4,508 

112 
119 
187 

1.125 

5,007 

No. of 
In terl'iews 

40 
40 
40 

240 

720 

61 

----· ·--------------------------------

I. Municipal /'ub/acio11 

I . Balinga;;ag (Bgy. 3) 
.., Lig(111~long 

[[ . 

Ill . 

3. Salay <Tagontong) 
4. Binuangan 
5. Sugbnngl.'.ugon 
b. Kinoguit;in 

Suh-total 

Rural Coa~tal Baranga.•· 

I. \ogon. Balingasag 
') Tabok, Lagonglong 
J. lnuhulan. Salay 
4. Dalllpias, Binu:mgan 
5. Kira)!ing. Sugbongcogon 
6 . Buko , Kun.1gitan 

Sub-total 

Rural !11/and Barangay 

1. San l•·; ·J w. Baiingasag 
2. t;ast11r , Lagonglong 
3. Alipuaton, Salay 
4. Valdcconl.'.ha, Binuangan 

Annex B 
List of Sample Areas 

Misamis Oriental East 

---------------
1975 Census 1980 A ctual 

f/011.w·lwld Count Co11111 

212 
330 
205 
143 
'236 
220 

l .346 

245 
155 
239 

Sl '. 
56 

137 

913 

219 
11 7 
157 
69 

- ----

2.39 
2~1 

114 
159 
~5 I 
227 

l ,'271 

300 
177 
2~9 

106 
47 

162 

1,021 

2 18 
153 
8 1 
67 

No. of 
111 f cn·ic•ws 

38 
40 ,..., 
. , 
40 
39 
39 

"' ' _.)J 

40 
40 
37 
40 
37 
39 

233 

40 
40 
36 
38 
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1975 Census 1980 Actual 
Household Count Count 

No. of 
Interviews 

----- - ----------------------------
S. Si lad, Sugbongcogon 
6. Salicapawan, Kinogitan 

74 
S 1 

S I 
57 

Sub-total 

Grand Total 

687 

2,946 

627 

2,9 19 

Annex C 

Household Survey Coverage 

Wife Interview 

Block Household Composition 
2 Marriage and Pregnancy History 
3 Family Planning 
4 Morbidity and Mortality 
S 1-lousing/ Homelot 
6 Consumer Durables 
7 Food Expenditures and Consumption 
8 Savings and Adjustment to Consumption 
9 Paid Employment 

10 Organizational Participation 
11 Costs and Benefits of Children 

Husband lntervic.'lv 

Block 12 
13 
14 
IS 
16 
17 
18 
19 

Agricultural Crop Production 
Farm Crop Capital Items 
Marine Fishing 
Business or Trade 
Household Income from Other Sources 
Organization Participation 
Cost and Benef:ts of Children 
Migration 

26 
36 

216 

682 



Block 
2 
3 
4 
5 
6 
7 
8 
9 

10 
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Annex D 

Community Survey Coverage 

Identification 
Populat ion 
Transporta tion 
Educational Services 
Health Services 
Economic Activities 
Electricity 
Communicat ions and Other Services 
Social and Farm Organizations 
Barangay Activi ties and Development Projects 
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Vicente B. Paqueo, Discussant 

Prnfessor He rrin 's paper which is a partial report of a research project de
signed to a nalyze the demographic impact of large scale rural electrification is very 
interesting. Holding constant a number of socio-economic and locational characte
ristics, he observes through multivariate analysis a positive correlation between 
electrification of a village and fertility-related indicators. This result was obtained 
by estimating a reduced form fe1tili ty related equation based on a set of simulta
neous equations (1 to 7). Hence I will focus my remarks on those equations. 

I thin k that the wife's labor force participation equation (5) is misspecified. 
TI1is equation relates WEMP (a labor force participation variable) to the woman's 
earnings from business or paid employment, measured as the product of her wage 
rate and the amount of tin1e she wants to devote lo income generating activities. 
Theoretically, at least in the literature, the relevant variable should be a measure of 
the wife's opportunity cost of time; for example the market wage of the wife . 
Second, if the market wage rate or similar opportunity cost of time is otherwise 
used in equation 5 instead of Y, then one needs to specify an equation relating the 
wife's market wage rate or opportunity cost of time to factors that determine those 
variables. 

ln this paper, rural elect rification appears to be accompanied by high poten
tial income. The question then, is, what is the effect of in come on fertility in the 
study area like Misamis Oriental? It also appears that rural electrification is accom
panied by a nigh probability of wife's employment, then, what is the effect of 
wife's employment on fertility in the study area? Professor Herrin's empirical analy
sis does not clearly answer these questions. lfu fertility related equations do not as 
yet provide estimates of the effects of income, wage rate or wife's employment o n 
fertility. These issues which I understand will be examined in a more complete 
version of his paper are important in understanding the observed negative correla
tion between rural electrification and fertility. 

Finally, one might ask the question whether there are situations or subgroups 
of women where the negative effect of rural electrification on fertility may not be 
observed or in fac t may be reversed. In raising this question, I have in mind Profes
sor Encarnacion's model of fertility. In this model, an increase in income tends to 
raise the fertility of poor families. If th.is positive income effect is large for some 
poor villages or households, the fertility effect of rural electrification might be 
attenuated or possibly lead to a positive effoct. My suggestion in this rega rd is the 
extension of the study whereby regression analysis will be done for low-income and 
high-income groups separately. 
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Introduction 

A topological space gives rise to a graph in a very natural way. Let r be a 
topology on a set X. Construct a graph G whose vertex-set is X , and where two 
distinct vertices x and y are adjacent if and only if U l'I V * ¢ for all U. VE r such 
that x E U, y € V. Equivalently, x and y are non-adjacent if and only if there exist 
U. V E r such that x € U, y € V but U n V = </>. We shall call G, and every graph 
which can be constructed in this manner, a topological graph. We shall also say that 
the topology r (or the topological space (X, r) induces the graph G, and symboli
cally we shall write r --+ G. 

Example. Consider tlie topological space (X, r) , where X = [I , 2, 3, 4, 5] and 
r = [</>. X, [I] , [2], [1 , 2J, [I ,4) , [l , 2, 4] J. The induced topological graph is 
shown in Fig. 1. l. 

J7ig. 1.1 A topological grnph 

Obviously, two homeomorphic topological spaces induce isomorphic graphs. 
Bowewr, non-homeomorphic topological spaces may induce isomorphic graphs. For 
example. the topology t' = [¢. X. [I], {2}, [1 , 2], [l , 41, fl, 2, 4], [1 , 2. 3. 4) ] 
on the same set X in the last example induces the same graph as r does although 
(X. r ) and (X, r') are non-homeomorphic. 

For convenience, we shall adopt the follmving notations: 
A the closure of the subset A of a topological space X. 
[x , y ) = the edge of a graph with end vertices x and y. 
P4 a path with four vertices. This will also be denoted by 

[a, b, c, d] , where [a, b] . [b, c J, [c, d] are distinct edges. 
d c;(x, y) = the length of a shortest path in G whose end-vertices are x and 

y. Thus, dc(x, x) = 0 ; dc(x, y) = I if and only if x and y are 
adjacent ; d c;(x. y) = ""' if there is no path joining x and y. 
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degc(x) = the number of edges in G containing the vertexx . This is called 
the degree of x in G. 

Preliminary Results 

TI1e following two lemmas are easy and their proofs are omitted. 
Lemma 2. J . Let (3 be a base for a topology r on X and r ~ C. Then two 

vertices x, y in G are adjacent if and only if U n V * ¢ for all U, V € (3 such that 
XfU,y€ v 

Lemma 2.2. Let r, r' be topologies on X and r ~ G, r' ~ G'. If r is finer than 
r' (r 2 r') , then G is a subgraph of C' (G ~ G'). 

The next result is due to Diesto who is also doing some investigation on topo
logical graphs. 

Theorem 2.1. Let r be a topology on X and r ..... G. Then for each x € X, n 
(0: 0 € r and x f 0 J "' (x J is the set of all vertices adjacent to x. 

Proof' Let y be a vertex adjacent to x € X . lf 0 €rand x € 0, then Un 0 * <1> 

for each U er that contains y. This implies that y € 0. Therefore,y e n [O: 0 € r 
and x € 0] "' lx] . 

Conversely, let y € n (0: 0 E r and x € OJ "" (x] . Let U, 0 e r such that 
ye U, x e 0. Since y e 0, it follows that Un 0 * !/>. Hence, y is adjacent to x. 

Let (X, r be a topological space and r ~ G. For each x E X, let us define 
Sc (x) = (v e X: y -:/= x and y is not adjacent to x]. ln view of theorem 2.1, this 
set is in r since it is the complement of the closed set n (0: 0 € r and x € O]. 
If A is a finite subset of X, then the set Sc(A) = (x € X: x ¢A and x is not adjacent 
to any vertex in A] = x'E'Jt Sc (x) er. Furthermore, if A and B arc finite subsets of 
X. then Sc(A) n Sc(B) = Sc(A U B). Thus, the sets SG(A), where A ranges over all 
finite subsets of X, form a base for some topology r' on X We shall call r' the 
topology induced by the graph G. Observe that if G is any graph (not necessarily a 
topological graph), then it induces a topology with base consisting of the sets 
Sc(A), where A ranges over all finite subsets of X, the vertex-set of G. If G induces 
the topology r' we shall write symbolically G ~ r' . 

Theorem 2.2. If r is a topology on X and r ~ G ~ r' ~ G', then r :J r' and 
Ced. -

Proof: We have already noted before that the sets Sc(A) = [x e X: x ¢A 
and x is not adjacent to any vertex in A] , where A ranges over all fmite subsets of 
X , are all in r and that they form a base for r'. Consequently, r :Jr' . By Lemma 
2.2,G ~G'. -

Theorem 2.3. Let G be a fmite graph and c ~ T ~ G'. Then c' ~ G. 
Proof' Denote by X the vertex-set of G. We shall show that two vertices 

which are not adjacent in G must be non-adjacent in G' . Let x, y e X be non
adjacent vertices in G; let A = [v· e X: dc(v, x ~ 2 and B = [v e X: do(v. y) ~ 2. 
Then Sc(A), Sc(B) er and x € Sc(A),y e So(B). We claim that Sc(A) nSc(B) 
= rp. Suppose that z e S0 (A) n Sc(B). Then z 4 A u Band z is not adjacent (in G) 
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to any vertex in A U B. It follows that dc(z, x):::; l and dc(z, y) ~ l. Now, z can
not be x or y since dc(x, y) ~ 2. Therefore, de (z, x) = dc(z, y) = 1. Since ye A 
and z is adjacent to y, then z I/ Sc(A). This is a contradiction. Hence, Sc(A) n 
Sc(B) = ¢. This implies that x and y are not adjacent in G'. 

The preceding theorem does not hold for infinite graphs. Consider a graph 
with an infinite number of connected components. If we denote this graph by G, 
and if G -+ r -+ G', .then it is easy to show that G' is complete, i.e., every pair of 
distinct vertices forms an edge in G'. This shows that G' properly contains G. 

Combining Theorems 2.2 and 2.3, we get the following: 
Theorem 2.4. Let G be a finite graph and G-+ r ..-. G'. Then G is a topological 

graph if and only if G = G'. 

Main Result 

For convenience, we shall introduce the notion of a triangulo.tor. If e is an 
edge of a graph G, then any vertex x in G which is adjacent to both end-vertices of 
e shall be called a traingulator of e. The set of all triangulators of e in G shall be 
denoted by the symbol T c(e), or sin1ply T(e). 

Theorem 3.1. A finite graph G is a topological graph if and only if for every 
subgraph P4 = [xi. x 2, x 3 , x 4 ] such that both end-vertices x 1 and x4 are not 
triangulators of the middle edge e = (x2 , x 3 ] , there exists a triangulator v of e such 
that each vertex u ¢ e which is adjacent to v is itself a triangulator of e. 

Proof: Let G be a finite topological graph and let P4 = [x 1, x 2 , x3, x 4 ] be a 
subgraph whose end-vertices do not belong to T(e), where e = fx2 , x3 } . Let X 
denote the vertex-set of G and A = [x £ X: dG(x, x,,] ~ 2 J, B = [x e X : 
dG(x. x3) ~ 2] , Observe that x4 £A but x 2 ¢A. It is easy to see thatx 2 e Sc (A). 

Similarly, X3 £ Sc(B). By Theorem 2.4, x 2 and x 3 are adjacent in G', where 
G .... T ..... c'. Therefore, since SG(A),Sc(B) E r , it follows that Sc(A) n sc(B) =/: ¢. 
Let z i; Sc;(A) n Sc(B). Then z f. A U Band z is not adjacent (in C) to any vertex 
in A u B. lt follows that dc(z. x2 ) = dc(z, x3) = 1. Hence, z £ T(e). In fact, we 
have shown that</> =I= Sc(A) n Sc;(B) C T(e ). · 

Now suppose that for all v e T(e), ~· is adjacent to some vertex u f e U T(e). 
Consider again the sets A and B defined earlier. Take any z £ SG(A) n Sc(B). Then 
z is adjacent to some u ¢ e U T (e). We can assume, without Joss of generality, that 
u is not adjacent to x 2 . Therefore, u E A. This is a contradiction since z is not 
adjacent to any vertex in A. 

To prove the converse, let C be a finite graph with the property that for eve1y 
subgraph P4 = [x 1, x 2 , x 3 , x 4 ] each of whose end-vertices is not a triangulator of 
the middle edge e = [x 2 , x 3 J , there exists a triangulator v of e such that every 
vertex u that is adjacent to Pis in e U T(e) . Let G -+ -r ~ G'. By Theorem 2.4, we 
need to show only that G = G'. By Theorem 2.3 we know that C' c C. Hence, it 
remains to prove that G C G'. Let x and y be adjacent vertices in G.-We claim that 
these vertices are also adjacent in G'. If one end-vertex of the edge [x, y ] is of 
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degree 1 in G, say degc(x) = 1, then each SG(A) E r containing y necessarily 
contains x. Thus, [x, yJ is an edge in G'. So let us assume that degc(x) > I. 
deg c (v) > 1 and consider the following cases: 

Case 1. [x, y] is not the middle edge of any subgraph P4 , both end-vertices of 
which arc not triangulators of [x, y]. 

In this case we can assume. without loss of generality. every vertex v * y 
which is adjacent to x is a triangulator of [x, y J. Let A be a (finite) set of vertices 

in C such that y c; Sc(A). We claim that x € Sc(A). Suppose that x ¢ Sc;(A ). Then x 
is adjacent to some vertex in A, say u. By assumption, u is a triangulator of [x, y] 
and hence u is adjacent to y. This is a contradiction since y € Sc; (A). Thus, 
x c; Sc;(A). It follows that x andy are adjacent in G'. 

Case 2. rx, y ] is the middle edge of some subgraph P4 = [r, x. y, s J such that 
both rands arc not triangulators of [x, yJ. 

By assumption, there exists a triangulator v of rx. y] such that every vertex II 
adjacent to vis in e u T(c), where<'= [x. y ] . Let A. B be (tlnite) subsets of the 
vertex-set of G such that x E Sc;(A), y E Sc;(B). We claim that v E Sc(A). Suppose 
that v / Sc(A). Then v is adjacent to some vertex u EA. TI1e vertex u cannot be 
x or y since x q A and y ii A. Therefore. u e T(c) and consequently. it is adjacent to 
both x and y. 111is is a contradiction since x is not adjacent to any vertex in A. 
Therefore. v c; Sc(A). By a similar argument , we can show that v t: Sc(B). Hence, 
S c(A) n S c(B) =F ¢. It follows that x and y are adjacent in G'. 

The following Corollaries are immediate consequences of Theorem 3 .1: 
Corollary I . A finite graph G with girth g ~ 4 is not a topological graph. 
Proof: If G is a finite graph with girth g ~ 4, then there exists a cycle x 1 . x 2 , 

, x ),!' x 1 in G and this cycle has the shortest length. This cycle contains the 
path P4 ::: x 1 , x 2 • x 3 . x 4 and obviously x 1 and x 4 cannot be triangulators of the 
middle edge x 2 , x 3 . Moreover, x 2 • x 3 docs not have any triangulator since there are 
no cycles in G of length 3. Therefore, G is not a topological graph. 

Corollary 2. Let G be a finite graph. I f for every subgraph P 4 , at least one of 
tl1e end-vertices is a triangulator of the middle edge. then C is a topological graph. 

Corollary 3. A fmite and connected bipartite graph is a topological graph if 
and only if it is a star. 

Proof: A bipartite graph does not contain odd cycles. Therefore, no edge of 
a bipartite graph can have a triangulator. Consequently, a fmite and connected 
bipartite graph G is a topological graph if and only if it does not contain a subgraph 
P4 . Hence, G mw;t be the complete bipartite graph K 1 • 11 , i.e., a star. 

Reference 
l. Gcrvacio, S.V. "Graphs induced by topolog.ic'J.I spaces: (to appear, Matimyas Mate

matika, Philippines, 1983) 
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Introduction 

In recent years, awareness of the teratogenic effects of rubella virus on the 
fetus has awakened interest in the disease. However, in the Philippines rubella 
continues to be poorly reported not only because it is still considered a mild disease 
but also because its diagnosis is often missed. Thus the national health statistics 
hardly depict its incidence. Oftentimes it is retrospectively diagnosed when con
genital anomalies or defects occur in the newborn, at which time the physician and 
health professionals would inquire more closely into the history of rubella in the 
mother. Hence in hospitals and in medical circles rubella is now identified so that it 
may appear in hospital statistics. 

It will be recalled that rubella has become a dreaded disease in view of two 
epidemics that are medically historical; namely, the J 941 epidemic in Australia 
when congenital eye defects were noted in alarming proportions in newborns 
subsequently traced to rubella in parturients, followed by a coast to coast rubella 
epidemic in the USA (1964) and in other countries. The latter stands as a nightmare 
in view of 20,000 newborn deaths and defects, a tremendous loss to the country. 

In the Philippines epidemiologic surveys in different age groups have been 
reported by the following: del Mundo ( 1972); Campos. et al. ( 1973); Chan et al. 
( 1978) and Alday et al. (198 l ). From these studies it is evident that by 30 years of 
age, 65 to 70% of the population have had the disease. 

Although the general principles of the epidemiology of rubella are now 
known, including ways in which the rubella virus spreads and the level of suscepti
bility to infection among women in the reproductive age, it is advised that epide
miologic studies should be conducted on an ongoing basis to minimize impact of 
the disease on newborns. 
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With the advent of an effective and safe vaccine, such studies can serve as 
guides for policies on vaccination, particularly on its need, priorities of age to 
vaccinate, and the need for repeat doses. Justifiable dread for pre-natal or con
genital rubella, has resulted in various studies on susceptibility of women during the 
reproductive period. In most of the studies, both locally and abroad, susceptibility 
of the disease iu this period is about 30%. 

There are reports that when children are vaccinated early, a number are 
questionably immune by the time they reach tl1e reproductive age; hence it is 
suggested that vaccination be repeated some time before that period. Others feel it 
would be advisable to vaccinate girls during adolescence, at which time they are 
close to the child-bearing age. A recent opportunity to determine rubella antibody 
status in some subjects. allowed the authors to conduct the present study among 
adolescents. 

Objectives 

General objectives of this study are: 

To determine rubella antibody status of adok;('e11ts girls in rural and urban 
settings of the Philippines. 

To contribute to local studies on the subject. 

Specific objectives arc: 

To observe susceptibility to rubella at adolescence (10-19 years). an age group 
close to the reproductive period. 

To determine any change in the rubella antibody status of adolescents girls 
from that of previous years. 

To try the use of kits available for the determination of rubella antibodies 
by HI tests. 

To obtain further information on the epidemiology of rubella. 

Materials and Methods 

In 1981 , Testerub Kits for the determination of rubella antibody by hema
glutination-inhibition test became available to the authors. Each testing kit contains 
inactivated lyophilized antigen, a diluent buffer S.A.G.A.C . powder, 25% Kaolin 
suspension, solution of Alscver, sterile syringe, 12 testing walled plates and instruc
tion on the procedure. A 0.2% goose {adult male) RBC was prepared for the antigen 
titration and J-11 test. 

Five (5) cc venous blood was obtained from adolescent girls in urban and 
rural communities. The blood was allowed to clot for about 2 hours at room 
temperature and about 5 hours for full retraction in the refrigerator. 

TI1e vacutainer tubes containing the specimens were centrifuged ac 2500 rpm 
for 15 minutes. The serum was separated into a sterile vial with a sterile capillary 
pipette. The sera were stored at 20° and then transported to the viral laboratory. 
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Table 1. Prevalence of HI Antibodies Against Rubella Among Urban Filipino Adolescent 
Girls, 1981 

Age in Number *Positive Percentage 
Years Tested Tests Positive 

10 6 5 83.3 
11 2 0 0 
12 5 2 40 
13 8 7 87.5 
14 25 14 56 
15 25 15 60 
16 29 22 75.8 
17 17 7 41 
18 17 13 76 
19 23 16 69.5 
20 12 9 75 

Total 169 110 65 

"'Positive for HI antibodies at 1 :8 serum dilution. 

It was decided to use these testing kits for adolescent girls in bot11 urban and 
rural communities, not only because of increasing concern for adolescents and 
various aspects in their health care but also because there arc inquiries if adolescents 
should be vaccinated against mbella. A screening by HI antibody test could give the 
basis for a reply to this inquiry. 

Adolescent girls (79) included in this study reside in rural* areas about 
70 kilometers northeast of Manila while 169 urban** girls reside i.n Metro Manila. 
The number was about equal in both areas at the time of collection but difficulties 
of transporting and handling in remote communities caused a number of specimens 
to be unsatisfactory for titrations. 

The Testerub Kits are handy and convenient. However, the tests will have to 
be performed in a laboratory with equipment like cold centrifuge and refrigerators. 
This staff should also be familiar with serologic work of this nature. 

Results and Discussion 

A total of 248 specimens were found satisfactory for rubella HJ antibody 
titrations. In this group 169 were obtained from urban and 79 from rural adoles
cent girls. This difference in number ilid not allow comparative studies between the 

* ln the four municipalities of San Luis, Candaba, Mexico and Arayat, Pampanga. 
**In Quc.zon City and .Manila. 
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Table 2. Prevalence of HI Antibodies Against Rubella Among Philippine Rural Adolescent 
Girls (1981) 

Age Jn Number Percentage 
Years Tested "'Positives Positive 

10 0 0 0 
11 t 1 10.0 
12 5 4 80.0 
13 17 10 58.8 
14 13 11 84.6 
15 10 6 60.0 
16 11 9 81.8 
17 12 8 66.6 
18 7 6 85.7 
19 3 3 10.0 
20 0 0 0 

Total 79 58 73.0 

•Positive for HI an ti bodies at 1 : 8 serum dilution. 

two areas but the data gathered when considered as two separate groups gave useful 
information. 

The incidence of positive rubella antibody titer for rural adolescents is shown 
in Table I and that for urban areas in Table 11. The attack rates arc 73% for rural 
and 65% for urban adolescents girls. 

In this study, susceptibility among urban adolescent girls is 35% (Table III) 
and that of the rural group is 27% (Table IV). Overall susceptibility for the two 
groups of adolescent girls is 31 %. Population density in these areas was not con
sidered. Although some workers claim this is an important factor other studies 
conclude that in epidemiologic surveys, factors other than density should be 
considered. 

Distribution of HI antibodies to rubella by age was determined in both urban 
(Table V) and rural (Table Vl) settings but the number per year of age were not 
equal nor were they sufficient to allow comparative studies. Evidently however the 
disease has occurred in a significant number per age, within the adolescent group. 

This susceptibility rate in unvaccinated adolescents as obtained in previous 
years by different workers during the past decade, has remained about the same. 
This is true in other countries in the region. 

Studies similar to this one are encouraged as basis for policies in the use of 
the vaccine and also for their practical value. It is a fact that serious and justifiable 
concern for mbella continues to be due to the deleterious effects of rubella infec
tion in the fetus. The susceptibility rate of 30% to 40% among our adolescent 
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Table 3. SusceptJ"bllity to Rubella Among Urban Philippine Adolescent Girls (1981) 

Age in Number *Negative Percentage 
Years Tested Tests Negative 

10 6 1 16.6 
11 2 2 10.0 
12 5 3 60.0 
13 8 12.5 
14 25 11 44 
15 25 10 40 
16 29 7 24 
17 17 10 58.8 
18 17 4 23.5 
19 23 7 30.4 
20 12 3 25 

Total 169 59 35.0 

*Negative for HI antibody at less than 1 :8 serum dilution. 

Table 4. Susceptibility to Rubella Among Philippine Rural Adolescent Girls (I 981) 

Age in Number Percentage 
Years Tested •Negatives Negative 

10 0 0 0 
11 1 0 0 
12 5 l 20 
13 17 7 41 
14 13 2 15 
15 10 4 40 
16 11 2 18 
17 12 4 33 
18 7 1 14 
19 3 0 0 
20 0 0 0 

Total 79 21 27.0 

*Negative for HI antibody at less than 1: 8 serum dilution. 

girls is high. This being an age (10-14) close to or at the start of childbearing, 
preventive measures through vaccination with the safe and effective vaccine may be 
considered. 
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Table 5. Distnoution of HI Antibody to Rubella Among Philippine Urban Adolescent Girls 
1981. 

Reciprocal of HI Antibody Titer 
Age in Number Percerira,;e 
Years Tested 8 8 16 32 64 128 256 Positive 

IO 6 l 3 83.3 
11 2 2 0 
12 5 3 I 40 
13 8 l 3 3 87.5 
14 25 11 7 2 3 l 56 
15 25 10 10 3 I 1 60 
16 29 7 13 l 2 3 3 75.8 
17 17 IO 2 2 2 I 41.1 
18 17 4 7 4 I 76.4 
19 23 7 7 4 3 69.5 
20 12 3 2 2 2 75 

Total 169 59 48 7 16 22 14 3 65 
-·----· 

._ ___ 

Alday et al. recommend three approaches to the prevention of infection it1 
pregnant women and they feel a good approach is to vaccinate adolescents and 
adult women. 11tis view is shared by others and is based on seroepidemiologic 
surveys. 

Summary and Conclusions 

In 1981 a group of 248 adolescent girls {both urbai1 and rural) were t0sted for 
rubella HI antibodies. This was made possible through available kits containing the 
materials for titrations (Testerub Kits). 

Adolescents were chosen for this study not unly because of increasing con
cern for their health care but aiso becau5e this is the age (10-19 years) clost• to or at 
the beginning of the childbearing period. 

The susceptibility rate for rubella in this study is 31 'X which is approximately 
the same as among unvaccinate<l adolesc<)nts in many countries as well as locally. 
PracticalJy there has been no change in the past decade. 

Dread for rubella is due to congenital rubella resulting from infectfon among 
parturients, particularly in the fast trimester of pregnancy. The rnte obtained is 
fairly high and ~o it may be expected thal the group constitutes a risk for con
gerti tal rube Ila. 

Mass inrnmnization of all children as practiced in developed countries 
diminishes the im:i<lencc of rubella but where resources and the vaccine arc limited 
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Table 6. Distribution of HI Antibody to Rubella Among Philippine Rural Adolescent Girls 
I 981 . 

Reciprocol of HI Antibody Titer 
Age in Number Percentage 

Years Tested 8 8 16 32 64 128 256 Positive 

10 0 0 
11 l 10 
12 5 l 2 2 80 
13 17 7 4 5 58.8 
14 13 3 5 2 2 84.6 
15 10 4 1 1 3 60 
16 11 2 4 2 1 2 81.8 
17 12 4 3 3 66.6 
18 7 1 l 4 85.7 
19 3 2 10 
20 0 0 

·-----·- ·· ·--- - -------· 
Total 79 21 19 4 4 JS 11 5 73.4 

as in developing countries, adolescent girls may be considered as the group to 
vaccinate. 
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*HEMAGGLUTINATION - INHIBITION TEST FOR RUBELLA 

COLLECTION 

1. Clotted blood at room temperature for about 2 hours. 
2. Allow full retraction in the refrigerator for 5 hows. 
3. Centifuge vacutainer tubes at 2,500 rpm for I 5 minutes. 
4 . Separate serum into a Sterile vial using sterile capillary pipet. 

N. B. Label vials before transferring serum. 
5. Store sera in - 20° C. 
6. Transport 10 virus lab. Institute of Public Health in ice (use double container) \vith 

complete list of subject's name, date extracted, place of bleeding and age of subject. 

WASHING OF GOOSE RBC 

I. Collect goose (adult. male) blood in an equal amount of Alsever's solution. 
2. ~c the blood for 24 hours at 4°C. 
3. Add I 0 volumes of S.A.B.A.G. to an aliquot volume of blood and spin at 2,500 rpm for 

IO minutes. 
4. Wash 3 times. 
5. After 3rd centrifugation, prepare needed suspensions: 

a. packed 
b. 10% RBC suspension 

6. For antigen titration and HI test - use 0.2% goose RBC. 
to prepare: dilute 10% suspension 50x. 

S.A.B.A.G. - Diluent Buffer 

1. Dissolve powder in bottle with 300 ml. of sterile distilled water at 56°C. Take an aliquot 
of 5 ml., cool to room temperarure and check pH of solution; pH of solution should be 
between 6.2 - 6.4. 

2. Aliquot solution in SO mL amounts and keep at 4°C for future use. 

TREATMENT OF SERUM 

I. To 0.1 ml. of serum, add 0.3 ml. of S.A .. R.A.G. and 0.4 ml. of 25% kaolin. Mix and stand 
at room temperature for 30 minutes. Agitate from time to time. 

2. Spin at 2,500 rpm for 10 minutes using a refrigerated centrifuge. 
3. Add 1 drop of packed goose RBC (20 drops/ml. dropper). Mix gently without disturbing 

the kaolin sediment and stand at 4°C for 1 hour. 
4 . Spin at 2,500 rpm for 10 minutes. using refrigerated centrifuge. Collect supematc with a 

final serum dilution of 1.8. Store frozen. 

Note: All materials must be put in ice bath. 

*As performed by two of the authors. 
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REAGENT 

I . Kaolin -- 25% suspension (provided in the kit). shake well before use. 
2. Alscver - provided in the kit 
3. SABAG - Diluent buffer. 

a. Dissolve powder in bottle in a total volume of 300 mL sterile distilled water at 56°C. 
Take an aliquot of 10 ml and check pH of solution. It should be 6.2 - 6.4. If not 
adjust with HCl or NaOI-1. 

b. Aliquot remaining aseptically in 50 ml. amounts and keep at 4°C. 

ANTIGEN TITRATION 

l. Reconstitute the antigen with sterile distilled water as indicated by the manufacturer -
use 1.5 ml. distilled water to dissolve the antigen in the bottle. Guaranteed titer - I : 16. 

2. After reconstitution. prepare 8 wells containing 0.025 ml. of S.A.B.A.G. each. 
3. Add 0.025 ml of the reconstituted antigen. 
4. Mix with 0.025 ml nricrodituto r and serially dilute till the 7th tube. 
5. Add 0.025 ml of S.A.B.A.G. in all 8 wells. 
6. Add 0.025 of 2% goose RBC in each well. 
7. Mix and incubate at 4°C for I hour. 
8. Detcrmim~ I HA unit - highest dilution showing + + + + and + + +agglutination. 

Compute for 4 HA units/0.025 ml. fo r use in HI Test. 

HI -- Screening Test for Scrum -- use only 1 dilution 1 :8 

l. Drop 0.025 ml. of l :8 serum in each 2 wells. 
2. Add 0.025 ml of an tigen contairring 4 HA units/0.025 ml. of the tirst well (entice fust 

column wells for the other specimens). 
3. Incubate at room temperatUie for 1 hour. 
4. Add 0.025 ml of 0.2% goose RBC to the first and.second wells (1st and 2nd column 

wells) second lXllumn wells - scrum controls. 
5. Prepare 1 well as buffer mntrol - 0.05 ml. S.A.B.A.G. -/- - 0.025 mJ. of goose RBC. 
6. Shake and incubate for 1 hour at 4° C. In another plate, prepare an antigen unitage check: 

(in duplicate). Note: Unit.age has same final dilution as in control. Add diluent. 
I. Dilute-the antigen containing 4HA units 2-fold in 0 .025 ml. amounts such that: 

1st dilution I : 2 = 2 HA units 
2nd dilution l :4 = l HA units 
3rd dilution l :8 = l /2 HA units 

2. Add 0.025 ml. of 0.2% goose RBC in all the tubes. 

HI for scrum positive in the screening test : 

1. Dilute the scrc~ning test positive serums serially in 0.025 ml. amounts such that l st well 
will be 1 : 16 carry the dilution of 1 :256. 

2. Add 0.025 ml antigen containing 4HA units to all tubes. 
3. Incubate at room temperature for I hour. 
4 . Proceed as in the screening test alone. 
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Urbano A. Mendoza, Discussant 

First, allow me to congratulate Dr. fe del Mundo for this important contri
bution to rubella statistical study in the Philippines. In the study of Dr. Fe del 
Mundo, I can imagine the drawbacks of getting enough subjects for the study. In 
the study, there are ages where only one or two or three are available which is not 
statistically significant to be anaJyzed and evaluated scientifically. If there were at 
least 25 subjects for each age, then we can make better evaluation to base our deci
sion regarding the age when to give rubella vaccine immunization. There arc data 
for example in the rural area setting where the 11 and l 9 years old subjects had 
100% positive titer or positive reaction; and in the urban area setting at 11 years 
old subjects based on two with no positive titer. It will be rather risky to make a 

decision on these meager number as a true representative reactions of those ages. 
J also agree that growth population density p11ys an important factor to consider 
i11 the di~~emination of the disease. th:it is. there will be more in the barnng harong 
areas than in the province:; where houses are far apart. 

In the study, it is interesting to note that positive titer were noted in the 
statistically significant numbers for I 0 and 13 yea rs old subjects which will greatly 

influence the decision when to start our immunization in the adolescent gmup. It 

will be enlightening to know and correlate the incidence uf rubella in the area 
where the statistical study was done. Howcve1 , as Dr. Fe del Mundo pointed out, 
the national statistical data available through our Disease Intelligence Center 
A11nual Repor1. latest is 1978, which can nn1 be wisely correlated with the study 
<l;na of Ill~ 1. So. wltat will be the age l~ugc! for rubella vaccmc immuni1.ation in 

the Philippines for our adolescents to minimize the significant .35% low unprotec
tivc titer? It has been noted tl1at the pregnancy age in the Philippines have become 

younger with increasing incidence of adolescent pregnancy which is an important 
factor to consider on dedding the age when to give the rubella vaccine immuniza.· 
tion. Another factor that will f,'Tcatly effect the success of our prevention of rubella 
syndrome is the type of vaccme to administer. At present, most of the vaccine used 
in the immunization i!i th.:: U.S.A. preparation which study have shovm that 26% 
or those immunized Jo not have any more protective titer after 5 years and a repeat 
dose is necessary. The vaccine used in Europe, the RA ~73. confers a protective 
titc1 thai more or less resembles that of the natural disease which is practically 
though out life. With the prevailing economic condition of rhe country. the factor 
obviously has to he seriously consi<lered. 
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STRATEGY FOR MEDICAL RESEARCH IN THE PHILIPPINES 

Geminiano T. de Ocampo, M.D . 

Enwritus Professor of Ophthalmology, College of Medicine, University of the Philippines 
Manila, Philippines 

In a " System of Medical Research., (1) which I published more than a decade 
ago, there is no chapter on strategy. I intend in this communication to emphasize 
some pointers on strategy for medical research in the Philippines. ln 1963, 
Dr. J . Salcedo (2) appointed a committee to make a survey of medical research in 
the Philippines. After two years, a report was made on the Status of Medical 
Research in the Philippines. Two years ago in 1981 in the first Congress on Medical 
Research in the Philippines, Campos (3) reported on the "Status of Health Research 
in the Philippines". 

Leadership. We have to scout for, attract, train, hold and support leaders for 
medical research in the undergraduates, post-graduates, graduates and faculty . In 
this time of economic stress we have to devise a plan to have and to hold them in 
our research faculty. Whether on full-time. or part-time they must be sufficiently 
compensated. What happens now is that after sending abroad prospe~tive medical 
researchers for training and broadening, many do not come back or if they do, 
after two or more years stay here they return to the States for practice and/or 
research. In my experience, barely half of those I have sent abroad stay here. If our 
aim is to have a core of medical researchers we must have two or more members in 
a subspecialty at a certain time. 111ere is discontinuity in many of our medical 
research undertakings. 

ldeagenesis and Brainstomzing. The centerpoint in modern medical research· 
is brainstomling. For an effective research set-up brainstorming session is very 
essential. Cooperative or collaborative research and group or departmental research 
cannot take its place. Hence, we must not just establish a system of professorial 
chairs but we must organize this group into reseaich teams and train them to be 
brainstormers for medical research . The solitary investigator, research group or 
multidisciplinary teams are not sufficient. They could be more effective and effi
cient in a brainstorming org:mization. 

International Cooperative R esearch. This is a new twist in medical research 
and it seems proper to start with the United States. It is a challenge more to the 
Third World than to the rich countries. What with costly, constantly changing 
models of sophisticated research instruments which the Third World medical 
researchers can hardly afford. We should start joint ventures in medical research as 
in business. Bright ideas originate in single minds but must be developed by many 
researchers with the aid of brainstorming, cooperative approach and economic 
support. 
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National Medical Research Institute. This should be patterned after the U.S. 
Institute of Health but not as extensive. It should target such prevalent diseases as 
infectious and pa,rasitic diseases, as well as cancer. immunological and degenerative 
diseases in the Philippines. Jdeagenesis and brainstorming should be one of its 
important activities. It could be an instrument and a venue for international 
cooperative or collaborative medical investigation. 

Research Training. Although there is much that is inborn, training is of great 
help in any investigative work. It is a great advantage if one can have the oppor
tunity to work with a competent and productive researcher. His attitudes, his 
manner of questioning and analysis are of great importance. 1 think there is truth 
in the belief that one measure of greatness of a teacher are pupils who attain greater 
heights than himself. One contribution of a medical researcher of some worth is to 
inspire, train and produce investigators greater than himself. A great man is judged 
not only by his works but also by the men he has influenced in one way or another, 
who are imbued with the manner he has solved or tried to solve research problems. 

Biomedical Research. Jn many aspects, medicine is the highest form of 
biology. The biological aspects of medicine, development, differentiation, protec
tion and proliferation based on the concept of the segmentation of the genome 
deserve more investigation and confirmation than what is done now. We must not 
emphasize the mechanical, physical and chemical aspects of medicine but we must 
pay more attention to its biological aspect. The phenomena of life can be under
stood more through biology than thru physics, mechanics and chemistry. The life 
sciences should be utilized more in understanding medicine. 

Theoretical .Medicine. (4), (5) This should be given more attention than what 
is now included in the curriculum of medicine. As a matter of fact , the theoreticaJ 
aspect of medicine is almost entirely ignored now in our medical curriculum. In the 
Nobe] prizes, theoretical physics, theoretical economics and theoretical medicine 
are given prime importance. Many physicians do not even know that there is such a 
discipline as theoretical medicine. What they know and have been taught are mostly 
and mainly in the realm of practical clinical medicine with very little of experi
mental medicine. Theoretical medicine is strange to them. 

Human Subjects in Medical Research. Animal experiments in medicine is 
becoming very costly. The cost of experimental animals has increased very much. 
This is a drawback to experimental animal research. This leaves the hospital patients 
and out-patients as the most practical subjects for medical research. This has 
advantages but also limitations. One aspect of human volunteers for drug and other 
forms of research is the utilization of those confined at the National Penitentiary. 
This should be seriously considered in our medical research. 
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Alberto G. Romualdez, Jr., Discussant 

Although J have been out of the medical school for eighteen years now I 
find myself still learning much from the ideas of Dr. Geminiano de Ocampo. 

Please Jet me approach Dr. de Ocampo's paper by going over some of the 
ideas he presented and in the process point out how the National Science and 
Technology Authority, through the Philippine Council for Heallh Research and 
Development, is trying to implement those ideas. 

On the question of leadership and attracting research workers to do research, 
NST A is working for the establislunent of a Scientific Ca:eer System that would 
offer people who want to go into a lifetime of research better career opportunities. 
NST A has for the last year been haggling with the Ministry of the Budget and the 
Civil Service Commission for this. But I think the main obstacle has been the diffi
cult economic situation that has prevailed in the country over the last year and a 
half, or two. The prospect, it seems, is that the situation will not improve until 
1985. NST A, however , continues to work on this and it is anticipa ted that we 
should at least have a system established although not quite as well as we want it to 
be. 

The second thing that we are trying to do , and which we have started at 
PCHRD, is to develop a truly nationwide health research network. The thrust is 
toward developing and strengthening research capabilities in regions outside Metro 
Manila. We believe that making available research opportunities in th e regions will 
encourage those who previously did not have the access to go into a career in re
search. likewise, we are improving the local traning opportunities. As Dr. de 
Ocampo mentioned, we have already lost many of those we sent for training 
abroad. One solution to this, I suppose, is for us to provide better local training 
opportunities. 

Dr. de Ocampo suggested creating groups or research teams for the purpose 
of brainstormihg on issues concerning medical research. At PCHRD, we have in 
fact put together technical committees which sometimes function :is brainstorming 
teams. In addition, within each of these technical committees emerged smaller 
groups that deal with narrower problems. Dr. Edito Garcia is here. He is a member 
of the schistosorniasis group which is composed of people from U.P. , the Ministry 
of Health, and other sectors that are interested iJi schistosomiasis research. We also 
have an acute respiratory infection tedmical working group that functions similar
ly and we will continue to encourage other groups to engage in discussions and 
cooperation in research. 

111 the area of international cooperative research , we have many isolated 
examples of people engaged in such activity . Much of o ur schisto works, much of 
our acute respiratory infection works, have been done in collaboration with foreign 
groups and supported by either multilateral or bilaternl arrangements. The multi
lateral arrangements generally operate with organizations like the World Health 
Organization and UNDP. In the PCHRD. we are trying to coordinate our relation
ships, both multilateral and bilateral. An example of bilateral assistance that has 
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been ongoing is that from JICA. JICA assists both the schisto groups in Palo, Leyte 

and the Research Institute for Tropical Medicine in Alabang. Also, the Australian 
Development Assistance Bureau is supporting research on acu te respiratory infec. 

tion which includes works being done in Papua, New Guinea and some parts of 

Africa. 
I also would like to endorse the idea of Dr. de Ocampo that institutional 

cooperation, the institutio n-to-institution arrnngcment, be encouraged. There had 
been some examples of Lhis a11d we are trying to encourage more of rhis as time 
goes on. I understand that the National Medical Research Institute has been pro

posed at U.P. and Minister Javier is likewise supportive of its establishment. There 
are two problems. however. One is economic. Now is nol a good time to request 

for funds for such a facility because of the situation. The second, which l think is 
the more important consideration, is how it is to be operated . Who will operate 
the institute and how will il link up with other institutions engaged in research'! 
This .is very important because the institute should be truly national and should 

be linked to implementing agern:ics in the field of health, with private schools. pri· 

vate practith)ners. and so forth . That way it shvuld be a truly i:ooperative under
taking that indudes in its operation consideration of linkages with other institu· 
tions. 

In research training, l think the be~t way to learn research is to do it. If we 
are able to increase research activities over the m·xt few years, this will automa

tically enhance local training opportunities. 
Jn bio-medical research. one of the areas that the Council emphasizes is the 

development ol an immuno-biology group in the country. At present, we have put 
together people from the Research Institute for Tropical Medicine in Alabang, 
the new Kidney Center which will be coming up within a month or so, and the UP
PGH. This group is now formulating a program for immunology development in the 

country. 
The last comment l would like to make is with respect: to the use of human 

subjects in medical research. I agree that very often it is not only expedient t o do 
human experimentation but iu fact neces~ary in order to confinn if our fmdings 

in anin1al researches arc also applicable or true to humans. I would like to em
phasize that when we do human experimt~ntations we should make sure tha t we 
have an appropiiate ethical review committee in our institution to advise us on the 

matter. 

Angelina Arcilla .Latonio, Discussant 

I consider it a privilege ll• have been dwsen by my former professor, Dr. de 
Ocampo, for allowing me to express my viewpoint~, to discuss in a sort of personal 
way wha~. I think about strategy of medical research in our ~ountry. Before l wt::m 

into this. I looked up Webster and looked for the mero1ing of"stratef.,>y ." There :m~ 
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two definitions. The first is "skillful employment and coordination of tactics" and 
the second one is the "artful planning and management." So you see, there is some 
art in this strategy and I am glad we might probably have to ask the Fine Arts sec
tor to help us some way later in order to attain a good strategy on research. 

I dissected each of his disciplines and there were seven of them and let me 
just give you my comments, my expressions on what I feel about each topic. 
Because coming from a hospital, where people think we do not do research. I wish 
to tell you that we are deeply involved in research at the Veterans Memorial 
Medical Center. In fact, when I got my award for outstanding scientist of the UP 
Medical Alumni Association, there was a note there in the plaque, in the trophy 
which says, "for working in a non-research center". So I thought they did not know 
anything about my work area. 

On leadership, I admit there is a dearth of leadership especially in the private 
sector. From personal communications, from colleagues who happen to be non
medical people, and people from private universities, I have been observing that the 
stimulus generated in the public sector is in contrast to the lack of such in the 
private sector. This I think we should look into tf we have to generate cooperative 
efforts for our strategy. Sometimes when I talk to these individuals they say they 
feel left out but they have a multitude of bright ideas so that if we can just invite 
them to join us, I think we will have a better orientation of our strategy. 

Now the compensation; only a handful of full-time research leaders are avail
able. I always say a fully compensated worker is a well-motivated follower. Most 
researchers are, you must admit this, on part-time basis and doing their thing just 
for the sake of extra compensation and for some prospects for promotion. While we 
have our top scientists, when we look at the multitude of enthusiastic researchers, 
anybody who wants to start on studies, projects, I think they are not really that 
much oriented because they feel that there is not enough compensation to do a 
full-time job. The more successful researchers as mentioned by the first two 
speakers are either pirated abroad or transferred to more progressive institutions. 
Well, time and again, in my institution, we notice this but we always find others 
who can qualify to take their place. lt is an unending story of disappointment but 
somehow all the institutions can manage to replace these workers who have left. 

On the discontinuity of medical researches undertaken - I have been doing 
researches of my own alone and then when I was made a member of the research 
committee of the Philippines Medical Association, we have discussed time and again 
the practical applications of the research winning papers which shomehow find 
their final resting place in the shelves of the medical libraries. We don't follow up 
our prize-winning ideas. Once you win a prize, it is forgotten. You got the 
f'.2,500.00. You got the plaque. So what is the meaning of this research if we don't 
apply it to our laymen, even among our medical colleagues. It will be truly reward
ing if such research papers and their winners can report 011 annual updates of their 
pet projects if only to realize what impact it has given the concerned people on the 
health status of the public. Also on th.is research committee, maybe you are not al! 
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aware about it , are grants from the Abbott laboratories, the Ciba- Geigy, the Raul 
Rivas who are trying to incite stimulus even to a small extent among medical 
practitioners in the rural areas, even to report an interesting case. The Raul Rivas 
gives a very substantial $2,000 dollar reward for any paper on Tropical Medicine. 
Even my own society, the Society of fvlicrobiology and infectious Diseases, finds 
ways to get some funding from drug companies and even without promoting their 
own products, we are able to put up prizes for junior and senior research workers in 
our society. So you see, there exists a scientific gap but it can be made co _go 
widespread, decentralize if we want to involve the private sector. 

I consider it timely at this time through modem researches of global target of 
health for all in the year 2000. We were privileged also to go to the USSR to 
participate in a yearly workshop on Zoonoses. The target there was to save human 
and animal life if only lo solve the food shortagt: wc arc facing within the next few 
decades. So whichever country it is, if they can find a way to stimulate interest 
among veterinarians, among medical people to save animal Li fe to eradicate rabies, 
eradicate brucellosis, 1 think there should be no barrier when it comes to the 
common interest of saving human and animal life. ln simple medical language, let us 
publish the ideas behind such papers. For the information of the lay public, this 
will allow to be discussed om potential researches among our research leaders, 
among those companies who have tried to help us with our research grants. Let us 
confine our findings among our medical colleagues. Our concern for the well-being 
of our people is of utmost importance. 

Well, on brainstorming, again I looked up the meaning of "brainstorming''. It 
means a "sudden aberration or inspiration." If one has to make a sudden action on 
research, I think it is a good enough word to say bra.i.nstonning to incite motivation. 
My comment is this. If this is to be done. then let us include the private researchers 
who need only a shot in the ann to get motivated. If multidisciplinary teams are 

not sufficient, then !cl us involve the va1ious medical disciplines, the various special
ties like microbiology, parasitology, veterinary medicine, if we have to make a 
brainstom1ing move among themselves. Solitary investigators however should not 
be left out. They are probably the nucleus of this brainstonning operation. Also he 
may be the leader that Dr. de Ocampo wants to emphasize, who finds fulfillment in 
seeing his followers, his students gain acceptance into the research field. 

On biomedical research. During the last three decades, studying the living 
process of man and animals has heen one of mankind's greatest in tellectual and 
technical achievements; electronmicroscopy deals with the greatest intellectual and 
technical achievements at the very core of li fe which we have finally co11 firmed the 
unity of living matter by <lemons! rating the universa.lity of the genetic code and 
while this sounds so distant from one local source we have started anyway with 
ultrastructures among ou r own elect ronmil:roscopists. 

The international cooperative research - l am tropical disease- oriented; 
while 1 don't do anything on biomedical research. we have among today's tools the 
control of tropical diseases; we have relatively new methods but we always have to 
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remind them whatever it will amount to: they must be safe, they must be effective, 
they must be cheap for coming to a developing country. In the tropics: we have low 
funding, with frequent isolation of workers on malaria, schistosomiasis, filariasis; 
there have been no new major remedies for the last 30 years except probably for a 
little breakthrough for schistosoma·therapy. Because of this low funding, we need a 
long-term collaborative effort involving workers in many countries. And as I men
tioned, the USSR has done this by spending half a million dollars inviting about 20 
developing countries and involving 30 medical doctors and veterinarians, on zoo
noses management if only to solve the food shortage which we are facing for the 
global strategy of "health for aU" in the year 2000. Most laboratories in developing 
countries are inadequately staffed, equipped and funded , too narrowly-specialized 
lo make even an effective contribution to tropical disease so we need to attract first 
class scientists. 

Finally, the involvement in developing countries are divided into two tasks ·
the task force and the network. The task force consists of the scientists; the net· 
work are the existing research institutes and universities. The research training can 
be extended or can be requested from the WHO. UNDP, FAO or the World Bank. 
1nere is nothing impossible in this world, 1 th.ink, if you want it, you will get it. 
You will only have to look for it. To me, one who does not pursue, one who stops 
when he thinks there is nothing else forthcoming, I have pity for him. 

The human subjects for medical research - At one time, we had ideas of 
using people in Muntinlupa, for therapeutic trials as in schistosoma treatment; it 
never worked because we ended up saying we need to save human 1.ifo, whatever. 

As a parting word, I want to talk about self-reliance. Self-reliance really 
means that even in a developing country, it does not mean you need a universal 
institution to help. ln your own small way, you can start and then if you look 
around, you will find that San Lazaro Hospital, other government hospitals, the 
College of Veterinary Medicine, even the Bureau of Animal Industry: all these are 
potential research areas and there is so much help you can get, not necessarily 
monetary but among your coUeagues they can give you ideas on how to start in 
your own small way. So let us be self-reliant. We should ask money from the bigger 
institution only after looking around immediate neighborhood. But l always think 
don't ever give up. TI1ere is always a way you can start. l believe that one should 
not give up easily with persistence, self-reliance, he can go a long way with his 
objectives. 

Those are my comments on the good paper of Dr. Geminiano de Ocampo. 
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B. D. Cabrera and A. C. Cruz 
Department of Parasitology, lnstiture of Public llealth 

University of the Pliilippincs 

Introduction 

The soil-transmitted helminths also called geohcminths are the causative 
agents for ascariasis, trichuriasis and hookworm infection. They are quite common 
and widespread , with greatest frequency in most of the tropical, subtropical and 
developing countries like the Philippines. Of the three helmimh.ic infections.as
cariasis and trichuriasis in rural communities are about parallel in prevalence at 
times the latter may even be slightly higher and followed by hookworm infection 
(Pcsigan. et al. , 1958; Jueco, et al., 1973 and 1980; Cabrera et al. , 1975). The 
female ascaris worm is capable of ovipositing approxin1ately 200,000 eggs per day 
and with an average life span of about l 2 months, ii can produce about 25 ,000,000 
eggs during its life time. The fully embryouated eggs found in the soil are the in
fective stage to man and can remain alive and infective fo r about l 8 or more 
months under favorable condition. 

The objective of mass treatment or deworming program in a community is 
not to eliminate the wonns totally from the population but rather to reduce the 
worm burden or intensity of infection as well as the frequency of transmission of 
the soil-transmitted helminthiasis. 

It has been found and is now agreed that periodic mass treatment of the 
community is the most effective means of controlling soil-transmitted helmin
thiasis. By this method, the number of intestinal worms or worm burden in an in
dividual as well as in the entire community is undoubtedly reduced. When the 
worm burden is reduced the number of eggs in the feces is also reduced hence there 
are less eggs that could pollute the soil. This will eventually lead to less chances of 
individuals acquiring the infection. 

The control of soil-transmitted helrninthiasis is successful in Japan (Morishita, 
(1980) Kobayashi, ( 1980)) and some of the methodology used are now being 
applied in Taiwan (Chou, et al. (1980)) and Korea (Seo (1980)) which followed 
Japan in the nationwide control of these gcohelminths. 

97 
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It has been observed that soil-transmitted helminthiasis are more conunon 
among children than among adults, although the infection affects all age-groups. 
Ideally, the most effective control of soil-transmitted helminthfasis are directed 
towards, (1) personal hygiene, (2) proper and hygienic disposal of human faeces so 
as not to pollute the soil where both children and adults come in contact with (3) 
health education and environmental sanitation and ( 4) mass treatment of the 
community to eliminate sources of eggs which may pollute the environment and 
thereby serve as the residual focus of infection. Mass treatment of the community 
although considered practical and effective is quite expensive because of the high 
cost of anthelmintics. On the other hand, selective treatment of children alone 
might probably reduce the overall prevalence of soil-transmitted helminthlasis 
in a community. This premise is based on several factors namely: that children are 
the most exposed or high risk group to the infection; they have the highest 
prevalence as well as high intensity of infection; they are the ones responsible in the 
indiscriminate pollution of the surrounding environment and they get reinfected 
earlier and faster than adults. 

ln the Philippines, particularly in the provinces, 50 percent of the population 
are children 0-14 years of age, while the remaining half are adults. Hence, treatment 
of soil-transmitted helminthiasis in children alone already takes care of half of the 
population having the highest prevalence and the highest intensity of infection . This 
treated half of the population are responsible mainly in the spread of the infection 
thru the indiscriminate poUution of the environment with human faeces loaded 
with thousands of geohelminths ova. 

We believe that the administration of anthelmintics will give the fastest at the 
same time the most visible and tangible impact in the control of soil-transmitted 
helminthiasis. However, because of their high cost, we have to determine a method 
that is most appropriate , most economical yet readily applicable and acceptahi<! by 
the people. It is therefore for this reaso11, that this simple and readily applicable 
project was started. Should the project prove promising or even successful, it is 
our plan to submit the results to both the Ministry of Health and the Ministry of 
Education and Culture for assessment and implementation of the project if pos
sible, on a gradually increasing scale until it will eventually involve the entire 
nation. It is envisioned that the Ministry of Edu.::ation and Culture could take 
charge in the treatment of school children 7 to 14 years while the Ministry of 
Health could take charge in the treatment of pre-schoolers 0-6 years of age thru 
their several provincialimunicipal healtl1 units all over the country . 

Materials and Methods 

The project started with the search for the study area located at Victoria 
town, Oriental Mindoro. In the selection of the study area, two barangays that are 
almost identical with respect to the socio-economic status of the people and the 
sanitary condition of the environment will be chosen. ln addition, because of the 
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high cost of anthelmintics. the two barangays should have a small population each, 
approximately 1,000 in one and about 700 in the other. Barangay San Narciso with 
total population of 647 and Barangay Ordovilla with total population of about 
1,000 were chosen. (Figs. A & B) 

At the start of the project, barangay meetings were held separately for the 
two areas attended by municipal , barangay an<l school officials. The objective as 
well as the mechanics in undertaking the project were discussed during these meet
ings, with emphasis on the type and the amount of cooperation expected of the 
local officials in the implementation of such a project. 

For the baseline data, stool collection and examination were done on at least 
35% of the population in each of t he study area . After establislrn1ent of the baseline 
data on prevalence of soil-transmitted helminthiasis in the two areas, treatment of 
cases every 4 months or 3 times a year for a period of 3 years will be done and post
treatment prevalence rates every end of the year will also be determined. It is hoped 
that reinfection rate studies could be done on the fourth year. 

For San Narciso, the entire population (children and adults) will be given 
treatment or what is termed as mass treatment. For Ordovilla, only children 0-14 
years will be treated or what is t<:rmed as selective treatment , however. the post
treatrnent prevalence at the. end of each year will also include adults. The drugs 
used for three years were Pyrantel Pamoatc (Combantrin) and Oxantel-Pyrantel 
(Quantrel) at half of the recommended dose for the first two years and Oxantel
Pyrantel (Quant rel) given at the recommended dose in the t hird year. 

Analysis of the baseline data together with t he prevalence data obtained after 
every end of the year for a period of three years \viii be done. 

Results 

In the establishment of the baseline data , approximately 36% of the 1,000 
population of Ordovilla and 56% of the 647 population of San Narciso were exam
ined . 

The baseline data on the pre-t reatment prevalence of soil-transmitted helmin· 
thiasis among males for the two areas are shown in tables "l A and 2 A; among 
females in tables I B and 2 B and for both sexes in tables JC and 2C. The picture 
depicted among females is the same as that among males whereby ascariasis and 
trichuriasis are both prevalent in San Nardso than in .Ordovilla but hookworm is 
more prevalent in Ordovilla. For ascariasis. prevalences of 74 .9% and 71.6% were 
found among females, 74 .6% and 65.4% among males for San Narciso and Ordovi.1-
la respec tively; but for hookworm, I0.3% and 28.4% among females. 18.5% and 
30 .9% among males for San Narciso a nd Ordovilla respectively. This high pre
valence of ascariasis and trichuriasis in San Narciso compared to Ordovilla arnong 
both sexes is maintained and so with the high hookwom1 prevalence in Ordovilla 
(29 .7%) as compared to San Narciso's ( 14 .6%). The pre·t reatment prevalence of 
geohelminths among children and adults is shown in Fig. I . 
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Ta ble l A. Pre-Treatment Prevakncc of Soil· Transmitted Hdminthiasis Among !\1aks by Age, 
Ordovill~ Victoria, Mindoro Oriental { 1979) 

------·---·----·-.. - - .-- .. - -------- -
ASCARIS 7R!CHUR!S HOOKWORM 

AGE GROUP NO. EXAM. 
+ <Ji, ·t % + % 

0 - 6 38 25 65.8 22 57.9 5 13.2 

7 -· 14 99 69 69.7 85 85.9 35 35.4 

15 + 51 29 56.9 36 70.6 18 35.3 

TOTAL 188 123 65.4 143 76. l 58 30.9 
---- ----- ·-~-- · 

Table 2A. Pre-Treatment Prevakncc of So il-Transmitted Helrnin thia,;is Among Ma l~s by Ag<!, 
OrdoviUa, Victoria, Mindoro Oriental (1979) 

-·-·--- -·· ···- - - ---· ... -··--··-·-· .. ·---
ASCARIS TRJCHURIS IJOOKll'ORM 

AGJ::GROUP NO. HXAl•J. 
+ % + % + % 

0 - 6 37 31 83.8 33 89.2 6 16.2 

7 - 14 73 54 74.0 61 83.6 18 24.7 

15 + 79 56 70.9 62 78.5 11 13.9 

TOTAL 189 141 74.6 156 82.5 35 18.5 

Table 1 R. Prt!-Trnatment Prevalence o f Soil-Transmitted Hehnint hia$iS Amo ng Fcmaks by 
Age , Ordovilla, Victoria, Mindoro Oriental ( J 979) 

-- - --- -- - - ·--· 

ASCARIS TRJCJIUR/S l/OOKWORM 
AGE GROUP NO. EXAM. ------ -- - ·-~----~~ 

+ % + % + % 

0 - 6 33 26 78.8 22 66.7 8 24.2 

7 - 14 81 58 71.6 68 84.0 21 25.9 

15 + 62 42 67.7 42 67.7 21 33.9 

TOTAL 176 126 71.6 132 75.0 50 28.4 
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Table 2B. Pre-Treatment Prevalence of Soil-Transmitted Helm.inthiasis Among Females by Age, 
San Narciso, Victoria, Mindoro Oriental ( 1979) 

ASCARIS TRJCHUR/S HOOKWORM 
AGE GROUP NO. EXAllf. 

+ % + % + % 
. -~··------·· ------

0 -- 6 23 19 82.6 19 82.6 2 8.7 

7 - 14 74 56 75.7 66 89.2 9 12.2 

15 + 78 56 71.8 68 87.2 7 9.0 

TOTAL 175 131 74.9 153 87.4 18 10.3 

Table lC. Pre-Treatment Pr~valence of Soil-Transmitted Helminthia~is of Both Sexes by Age, 
OrdovilLl, Victoria. Mindoro Oriental (l 979) 

--------·---
ASCARIS 71UCHURIS HOOKWORM 

AGEGl~OUP NO. EXAM. 
+ % + % + % 

0 - 6 71 51 71.8 44 62.0 I 3 18.3 

7 - 14 180 127 70.6 153 85.0 56 31.1 

15 + I I 3 7 1 62.8 78 69.0 39 34.5 

TOTAL 364 249 68.4 275 75.5 108 29.7 

T;,ihle 2C. Pre-Treatment Prevalence of Soil-Transmitted Helminthiasis of Both Sexes by Age, 
San ~arciso. Victoria, Mindo ro Oriental (l 979) 

-····-- - - --- --- . ---- - -----------
ASCARIS TRJCJIURJS HOOKWORM 

AuE CROUP NO. EXAM. 
+ % + % + % 

------- -~·--------

0 - 6 60 50 83.3 52 86.7 8 13.3 

7 - 14 147 l JO 74.8 127 86.4 27 18.4 

15 + 157 112 71.3 l 30 82.8 18 1 l.5 

TOTAL 364 272 74.7 309 84 .9 53 14.6 
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The results of the first year post-treatment among males is shown in tables 
ID and 2D; among females in tables l E and 2E and for both sexes, in tables 1 F and 
2F. Although the result in ascariasis among males appears to be better in mass 
treatment (San Narciso), the results for trichuriasis and hookwonn appear to be 
better in the selective treatment (Ordovilla). A similar picture is depicted among 
females. For both sexes the trend is maintained, namely mass treatment appears 
better than selected in ascariasis but selective appears better than mass treatment 
in trichuriasis and hookworm infection. The difference in prevalence between the 
two areas for ascaris and hookwonn is not statistically significant but for trichuris 
the difference between the two areas is quite significant. The first year post-treat
ment prevalence among children and adults is shown in Fig. 2. There was marked 
decrease in prevalence of soil-transmitted helminthiasis from the pre-treatment to 
the first year post-treatment in San Narciso where mass treatment was applied. For 
ascariasis among children from 77.3% to 10.8% and among adults from 71.3% to 
12.1%; for trichuriasis among children from 86.5% to 33.7 and among adults from 
82.8% to 45.4%; for hookworm among children, from 17% to 4 .0% and among 
adults there was practically no change in prevalence. In Ordovilla where selective 
treatment was applied, the changes are as follows: for ascariasis among children 
from 70.9% to 15.0% and among adults from 62.8% to 20.0%; for trichuriasis 
among children from 78.5% to 22.6% and among adults from 69% to 22%; for 
hookworm among children from 27.5% to 2.2% and among adults from 34.5% to 
13%. 

The results of the second year post treatment prevalence among males are 
shown in tables I G and 2G. among females in tables 1 H and 2H and for both sexes 
in tables 1 I and 21. All the three tables maintained the same trend as revealed by 
the data obtained in the first year post treatment data. The data on prevalence 
among children and adults is shown in Fig. 3. There was further decrease in pre
valence of the soil-transmitted helminthiasis from the first year to the second year 
post-treatment prevalence. 

The results of the third year treatment among males are shown in tables 1J 
and 2J, among females in tables lK and 2K and for both sexes, in tables IL and 2L. 
The difference in prevalence between the two areas with regards to ascaris and 
hookworm are not statistically significant whereas for trichuris the difference 
remained highly significant. The third year post-treatment prevalence according to 
age and method of treatment is shown in Fig. 4. Among children, selective treat
ment appears to be better than mass treatment in all the three geohelminths but 
among adults, mass treatment appears to be better than selective in the three 
parasites. 

Figs. 5. 6 and 7 compare the effect of mass and selective treatments on 
prevalence of geohelminths in the two study areas among children and among 
adults respectively. Among children mass treatment is slightly better than selective 
in ascariasis but selective is better than mass treatment in trichuriasis and hook· 
worm infection. Among adults mass treatment appears better than selective in 
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ASCARIS TRICHURIS HOOKWORM 

LEGEND: 

- MASS TRE ATMENT 

D SELECTIVE TREAT MENT 

ASCARIS TR!OiURIS HOOKWORM 

CHI LOREN ADULTS 

figure I. l';e-treatmen1 prev-.tlence of gcohelminths among children and atlults, Mindoro, 
Philippines, 1979. 

ascariasis and hookwom1 infection but selective seems to he better than mass treat. 
ment in trichuriasis. 

Fig. 8 shows the effect of mass treatment of an entire barangay (San Narciso) 
and selective treatment of children in another barangay (Ordovilla) on the total 
prevalence of geohelminths in the two areas. Mass treatment appears to be better 
than selective up to the third year observation in ascariasis and hookworm infection 
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Table 1 D. First Year Post Treatment Prevalence of Soil-Transmitted Hclminthiasis Among 
Males by Age, Ordovilla, Victoria, Mindoro Oriental, ( 1980} 

ASCARIS TR! CHURIS HOOKWORM 
AG£ GROUP NO. E'XAM. 

+ % + % + % 

0-6 36 5 13.9 8 22.2 2.8 

7 - 14 145 21 14.5 30 20.7 6 4.1 

15 + 44 6 13.6 9 20.5 7 15.9 

TOTAL 225 32 14.2 47 20.9 14 6.2 

Table 2D. First Year Post Treatment Prevak~nt::e of Soil-Transmitted Helminth.iasis Among 
Males by Age, Ordovilla. Victoria, Mindoro Oriental, ( 1980) 

ASCARIS TRICHURIS HOOKWORM 
AGHGROUP NO. EXAM. 

+ % + % + % 

0-6 33 4 12.l I 5 45 .5 2 6.1 

7 - 14 64 6 9.4 19 29.7 4 6.3 

15 + 69 6 8.7 26 37.7 10 14.5 

TOTAL 166 16 9.6 60 36.1 16 9.6 

Table I E. F irst Year Post Treatment Prevalence of Soil-Transmitted Helminthiasis Among 
Females by Age, Ordovilla, Victoria, Mindoro Oriental, ( 1980) 

ASCA RIS TR IC/I URIS HOOKWORM 
AGE GROUP NO. i:.'XAM. -~-.--

+ % + % + % 

0 - 6 22 5 22.7 7 3 J.8 0 0 

7 - 14 116 17 14.7 27 23.3 2 1.7 

15 + 56 14 25.0 13 23.2 6 10. 7 

TOTAL 194 36 18.6 47 24.2 8 4.1 

but selective appears to be better in trichuriasis. The difference in prevalence 
however are not statistically significant in ascariasis and hookworm infection but 
significant in trichuriasis. 

Comparison of the three post-treatment prevalences v.>ith the pre-treatment 
prevalence to determine percent decrease of the three geohelminths in the two 
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Table 2E. First Year Post-Treatment Prevalence of Soil-Transmitted flelminthiasi~. Among 
Females by Age, San Narciso, Victoria, Mindoro Oriental (1980) 

ASCARIS TR/Cl/URIS l/OOKWORM 
AGE GROUP NO. l:.XAM. 

+ % + % + % 

0 - 6 22 4 18.2 7 31.8 0 0 

7 - 14 56 5 8.9 18 32.1 1.8 

15 + 63 10 15.9 34 54.0 6 9.5 

TOTAL 141 19 13.S 59 4 1.8 7 5.0 

Table 1 F. First Year Post Treatment Prevalence of Soil-Transmitted Helminthiasis o f l:loth 
Sexes hy Age, Ordovilla, Victoria. Mindoro Oriental (1980) 

ASCARIS TR!Cl!URIS HOOKWORM 
AGE GROUP NO. EXAM. 

+ % + % + % 

0 - 6 58 10 17.2 L5 25.9 1.7 

7 - 14 261 38 14.6 57 21.8 6 2.3 

15 + 100 20 20.0 22 22.0 13 13.0 

TOTAL 419 68 16.2 94 22.4 20 4.8 

Table 2F. First Year Post-Treatment Prevalence of Soil-Transmitted Helminthiasis. of Both 
Sexes by Age, San Narciso. Victoria, Mind om Oriental ( 1980) 

-----·· 
ASCARIS TRTCJ/URJS HOOKWORM 

AGE GROUP NO. EXAM. 
+ % + % + % 

0 -· 6 55 8 14.5 22 40.0 2 3.6 

7 - 14 120 11 9 .2 37 30.8 5 4 .2 

15 + 132 16 12. l 60 4 5.4 16 12.I 

TOTAL 307 35 11.4 119 38.8 23 7.5 

barangays are shown in tables 3A , 3 B and JC. For ascariasis, decrease in prevalence 
as a result of mass treatment is higher than in selective treatment in the three years 
observation. For trichuriasis and hookwom1 infection however, the percent 
decreases arc higher in selective than in mass treatment. A similar table by broad 
age groups is shown in table 4. 
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Figure 2. First year post-treatment prevalence of geohclminths, Mindoro , Philippines. 1980. 

Disctmion 

In the baseline data gathered in 1979, the prevalence of ascanasis and 
trichuriasis are higher in San Narciso than in Ordovilla. For ascariasis , prevalences of 
74.7% and 68.4% and for trichuriasis 84.9% and 75.5% were obtained for San 



Transactions National Academy of Science 109 

Table 1 G. Second Year Post Treatment Prevalence of Soil-Transmitted Helminthiasis Among 
Males by Age, Ordovilla, Victoria, Mindoro Oriental (1981) 

ASCARIS TRI CH URIS HOOKWORM 
AGE GROUP NO. EXAM. 

+ % + % + % 

0 - 6 51 5 9.8 9 17.6 0 0 

7 - 14 94 14 14.9 10 10.6 4 4 .3 

15 + 56 9 16. l 24 42.9 12 21.4 

TOTAL 201 28 13.9 43 21.4 16 7.9 

Table 2G. Second Year Post-Treatment Prevalence of Soil-Transmitted Helminthiasis Among 
Males by Age, San Narciso, Victoria, Mindoro Oriental (1981} 

ASCARIS 71UCHURIS HOOKWORM 
AGE GROUP NO.EXAM. 

+ % + % + % 

0 - 6 33 4 12. l 12 36.4 0 0 

7 - 14 52 1 2.0 19 37.0 4 7.7 

15 + 60 2 3.3 17 28.3 6 10.0 

TOTAL 145 7 5.0 48 33.l 10 7.0 

Table 1 H. Second Year Post Treatment Prevalence of Soil-Transmitted Helminthiasis Among 
Females by Age, Ordovilla, Victoria, Mindoro Oriental (1981) 

ASCARIS TR/CH URIS HOOKWORM 
A GE:: GROUP NO.EXAM. 

+ % + % + % 

0 - 6 48 7 14.6 8 16.7 2.1 

7 - 14 81 6 7.4 12 14.8 2 2.5 

15 + 88 20 22. 7 23 26. t 8 9. l 

TOTAL 217 33 15.2 43 19 .8 11 5.1 
- - --· 

Narciso and Ordovi.lla respectively. For hookwonn however, Ordovilla has higher 
prevalence than San Narciso 29.7% and 14.6% respectively. 

From Fig. 9, it appears that both study areas experienced marked decline 
in the overall prevalence of the three soil-transmitted helminthiasis from the first 
year post-treatment prevalence and remained at about the same level through the 
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Table 2 H. Second Year Post-Treatment Prevalence of Soil-Transmitted Helminthiasis Among 
Females by Age, San Narciso, Victoria, Mindoro Oriental (1981) 

ASCARIS TRICHURIS HOOKWORM 
AGE GROUP NO. EXAM 

+ % + % + % 

0-6 22 5 23.0 8 36.4 0 0 

7 - 14 51 5 10.0 19 37.3 0 0 

15 + 54 8 15 .0 23 43.0 3 6.0 

TOTAL 127 18 14.1 50 39.4 3 2.4 

Table 11. Second Year Post Treatment Prevalence of Soil-Transmitted Helminthiasis of Both 
Sexes by Age, Ordo villa, Victoria, Mindoro Oriental (1981) 

ASCARIS TRfCHURlS HOOKWORM 
AGJ:;GROUP NO. EXAM. 

+ % + % + % 

0 - 6 99 12 12. 1 17 17.2 1.0 

7 - 14 175 20 11.4 22 12.6 6 3.4 

15 + 144 29 20. l 47 32.6 20 13.9 

TOTAL 418 61 14.6 86 20.6 27 6.5 

Table 2I. Se-eond Year Post Treatment Prevalence of Soil-Transmitted Helminthiasis of Both 
Sexes by Age, Ordovilla, Victoria, Mindoro Oriental {198 l) 

ASCARIS TR IC/I URIS HOOKWORM 
AGE GROUP NO. EXAM. 

+ % + % + % 
···------

0 - 6 55 9 16.4 20 36.4 0 0 

7 - 14 103 6 5.8 38 36.8 4 3.9 

15 + 114 .10 8.8 40 35.1 9 7.9 

TOTAL 272 25 9.2 98 36.0 13 4.8 

third year post-treatment. Despite a difference in Hie method of intervention, t he 
two barangays had similar overall prevalence of ascariasis and hookworm infection 
from the first year post-treatment to the end of the observation period. The higher 
prevalence of hookwonn infection in Ordovilla compared to San Narciso as shown 



... 
z 

60 

50 

40 

u 30 
a: 

"' 
0.. 

20 

10 

0 

Transactions National Academy of Science 

ASCARIS TRICHURIS HOOKWORM 

CHILDRE N 

LEGEND 

- MASS TREATMENT 

D SELECTIVE TREATMENT 

ASCARIS TRICHURIS HOOKWORM 

ADU L 1 S 

111 

Figure 3. Second year post-treatment prevalence of geohelminths, Mindorv, Philippines, 1981. 

in the baseline data did not persist once intervention was started. Trichuriasis on 
the other hand was consistently higher in San Narciso than in Ordovilla. 

Fig. I 0 shows the prevalence of geohelminths by sex in the two barangays. rt 
appears that sex did not seem to have significant influence on the prevalence of the 
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Table lJ. Third Year Post-Treatment Prevalence of Soil-Transmitted Helminthiasis Among 
Males by Age, Ordovilla, Victoria, Mindoro Oriental (1982). 

ASCARIS TRICHURIS HOOKWORM 
AGE GROUP NO. EXAM. 

+ % + % + % 
·-----

0 - 6 59 6 10.2 2 3.4 0 0 

7 - 14 48 2 4.2 10 20.8 2.1 

15 + 50 6 12.0 27 54.0 12 24.0 

TOTAL 157 14 8.9 39 24.8 13 8.3 

Table 2J. Third Year Post-Treatment Prevalence of Soi.I-Transmitted Helminthiasis Among 
Males by Age, San Narciso, Victoria, Mindoro Oriental (1982). 

ASCARIS TRICHURIS HOOKWORM 
AGE GROUP NO. EXAM. 

+ % + % + % 

0 - 6 29 2 6.9 9 31.0 0 0 

7 - 14 48 4 8.3 17 35.4 4 8.3 

15 + 81 5 6.2 23 28.4 5 6.2 

TOTAL 158 11 7.0 49 31.0 9 5.7 

Table lK. Third Year Post-Treatment Prevalence of Soil-Transmitted Helminthiasis Among 
Females by Age, Ordovilla, Victoria, Mindoro Oriental (1982) 

ASCARIS TRI CH URIS HOOKWORM 
AGE GROUP NO. EXAM. 

+ % + % + % 

0 - 6 28 5 17.8 0 0 0 0 

7 - 14 57 3 5.3 4 7.0 l 1.7 

15 + 73 14 19.2 32 43.8 6 8.2 

TOTAL 158 22 13.9 36 22.8 7 4.4 

three soil-transmitted helminthiasis. The same figure depicts the comparable trends 
in the prevalence throughout the duration of the study in males and females. 

The effect of selective and mass treatments on the overall prevalence of the 
soil-transmitted helminthias.is is shown in table 4 and Fig. 7. Apparently the pre-
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Table 2K. Third Year Post-Treatment Prevalence of Soil-Transmitted l·h:lminthiasis Among 
Females by Age. San Narciso. Victuria, Mindoro Orie ntal ( 1982). 

ASCARIS TRICJIURIS HOOKWORM 
AGE GROUP NO. t'XA:U. -·---.. ··---·--·---------·--

+ % + % + % 

0 - 6 24 5 20.8 6 25.0 0 0 

7-14 44 4 9.1 10 22.7 I 2.3 

15 + 82 6 7.3 34 41.5 3 3.6 

TOTAL 150 15 10.0 50 33.3 4 2.7 

Table l L. Third Year Po~t-Treatment Prevalence of Soil· Transmitted Hclminthiasis of Both 
Sexes by Age , Ordovilla. Victoria, Mindoro Orien tal (l 982). 

ASCARIS TRICHURJS HOOKWORM 
A GE GROUP NO. l!.-X1lfaf. 

+ % + % + % 

0 - 6 87 11 12.6 2 2.3 0 0 

7 ... 14 105 5 4.8 14 l 3.3 2 1.9 

15 + 123 20 ! 6.3 59 47.9 18 14.11 

TOTAL 3 15 36 11.4 75 23.8 20 6.3 

Table 2L. 11\ird Year i'ost-Treatme nt Prcvaknce of Soil-Treatment Helmimhiasi• of Both 
Sexes by Age. San Narciso, Victoria, Mindoro Oriental (I <l82}. 

------·-· 
ASCARIS TR/CJ/URIS HOOK lvORlvf 

AGE GROUP NO. EXAM. -----·-· 
+ % + % + % 

0-6 53 7 13.2 l 5 28.3 0 0 

7-!4 92 8 8.7 27 29.3 5 5.4 

15 + 163 11 6.7 57 35.0 8 4.9 

TOTAL 30 8 26 8.4 99 32.l I 3 4.2 

--------· 
valence of 1he S•Jil -transrnittc<l helminthiasis did not differ much in children and 
adults. Among children the decline of the prevalence rate during the intervention 
period relative to its baseline figure in the two barangays is about the same for 
ascariasis; fer trichuriasis and hookworm i1lfection however, Ordovilla (selective 
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Figure 4. Third year post-trcatmc.nt prevalence of geohelminths, Mindoro, Philippines, 1982. 

treatment) showed a greater decline than San Narciso (mass treatment). Among 
adults, San Narciso had a higher percent decline compared to Ordovilla for 
ascatiasis and trichuriasis, but for hookwom1 infection, the same relative decline in 
the two barangays was registered. 

It is worthwhile to note that in children and in adults the prevalence showed 
a considerable decline following the first year post-treatment follow-up in both 
Ordovilla and San Narciso even if in the former only children were given treatment. 
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Figure 7. Prevalence of soil-transmitted holminthWis in children and adults, Ordovllla and 
San Narciso, Victoria, Mindoro Oriental, 1979-1982. 

This is probably due partially to the short life span of the worm in the case of 
ascariasis. Evidently, the advantage of mass treatment is only manifested among 
adults and oJlJy for ascariaSis and trichuriasis. Among children mass treatment did 
not have a distinct advantage over selective treatment ; on the contrary, selective 



Table 3 A. Comparison of Three Post-Treatments with Pre-Treatment Prevalence Rates of Ascariasis (% Decreases) 
in Two Barangays, Victoria, Mindoro Oriental, 1979-1982. 

ORDOVILLA SAN NARCISO 
SEX 

PRE-RX 
1st YEAR 2nd YEAR 3rd YEAR 

PRE· RX 
1st YEAR 2nd YEAR 3rd YEAR 

POST-RX POST-RX POST-RX POST-RX POST-RX POST-RX 

MALES 65.4 78.3 78.7 86.4 74.6 87. l 93.3 90.7 

FEMALES 71.6 74.0 78.8 80.6 74.9 82.0 81.2 86.6 

TOTAL 68.4 76.3 78.6 83.3 74.7 84.7 87.7 88.7 

Table 3B. Comparison of Three Post-Treatments "";th Pre-Treatment Prevalence Rates of Trichuriasis (% Dccn:ases) 
in Two Barangays, Victoria, Mindoro OrientaJ, 1979-1982. 

ORDOVILLA SAN NARCISO 
SEX 

PRE-RX 
1st YEAR 2 nd YEAR 3rd YEAR 

PRE-RX 
1st YEAR 2nd Yr."'A R 3rd YEAR 

POST-RX POST-RX POST-RX POST-R X POST-RX POST-RX 

MALES 76. l 72.S 71.9 67.4 82.5 56.2 59.9 62.4 

FEMALES 75.0 67.7 73.6 69.6 87.4 52.2 54 .9 61.9 

TOTAL 75.5 70.3 72.7 68.5 84.9 54.3 57.6 62.2 



Table 3C. Comparison of Three Post-Treatments with Pre-Treatment Prevalence Rates of Hookworm(% Decreases) 
in Two Barangays, Victoria, Mindoro Oriental, 1979-1982. 

ORDOV!LLA SAN NARCISO 
SE'X 

PRE-RX 
1st YEAR 2nd YEAR 3rd YEAR h t YEAR 2nd YEAR 3rd YEAR 
POST-RX POST-RX !'OST-RX PRE-RX POST-RX POST-RX POST-RX 

MALES 30.9 79.9 74.4 73.1 18.5 48. l 62.2 69.7 

FEMALES 28.4 85.6 82.0 84.5 10.3 51.4 76.7 73.8 

TOTAL 29.7 83.8 78.l 78.8 14.6 48.6 67. l 71.2 

Table 4. Prevalence Rates(%) an<l Relatiw Decline in the Prevalence of Soil-Transmitted Hclmi11thia;is by Broad Age 
Groups, Ordovilla and San Narciso, Victoria, Mindoro Orir ntal. 1979-1982 

ASCARIS TRJCJ/UR/S HOOK WURM 
YEAR 

OR DO VILLA Sn. NARCISO ORDOVILLA Sn. NARCISO OR.DO VILLA Sn NAR CISO 

0 ·- 14 YEARS 
1979 70.9 77.3 78.5 86.5 27.5 16.9 
1982 8.3 10.3 8.3 29.0 1.0 3.4 

% DECLINE 88.3 86.7 89.4 66.5 96.4 80.0 

15 +YEARS 
1979 62.8 71.3 69.0 82.8 34.5 11.5 
1982 16.3 6.7 47.9 34.9 14.6 4.9 

% DECLINE 74.0 90.6 30.6 57.8 57. 7 57.4 

AU. AGES 
1979 68.4 74.7 75.5 84.9 29.7 14.6 
1982 l 1.4 8.4 23.8 32. I 6 .3 4.2 

%DECLINE 83.3 88.8 68.5 62.2 78.8 71.2 
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treatment appeared to be b1•tter than mass trc·alf11c1H for trid1uriasis and hookwonn 

infections. 
On the overall prevalem:c rates. selective and mass tre~tment did not have 

considerable differences as shown by the similar percent dccltne in the prevalence 

of each of three geohelminths. 
The importance an<l/or significance of this scudy is that the government 

could save 50% o f funds intended for the purchase of anthelmint ics if it chooses 
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Figure 9. Prevalence of soil-transmitted helrninthiasis, Ordovilla and San Narciso, Victoria, 
Mindoro Oriental, 1979-1982. 
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the use of selective rather than mass t reatment. Se!eclivc treatment witl likewise 
save un lime, effort and manpower. I believe that the idea of focussing on the most 
sensitive and most susceptible group of the population to the inCcdion, could be 
the key to the cont rol, if not eradication o f soil-transmitted helminthiasis or pos
sibly other parasitic infections as well. 
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Summary and Conclusion 

Two comparative barangays in Mindoro constitute the study area. Selective 
treatment was applied in Ordovilla and mass treatment was applied in San Narciso. 
Treatment, using pyrantel pamoate and oxantel-pyrantel at half the recommended 
dose, were given for the first two years and oxantel-pyrantel at full dose in the third 
year. The effect of these two interventions on the total prevalence of geohelminths 
was determined. 

Both areas experienced a marked decline in the prevalence of the three 
geohelminths from the first treatment year to the third or last treatment year, 
when compared with baseline data. 

Among children, the percentage of decline in prevalence in the two areas is 
about the same for ascariasis; for trichuriasis and hookworm, selective treatment 
showed a greater percentage of decline than mass treatment. 

Among adults, mass treatment showed a greater percentage of decline than 
selective treatment for ascariasis and trichuriasis, but the percentage of decline were 
equal for hookworm. 

In tenns of overall prevalence, neither intervention had an appreciable dif
ference for the three geohelminths, as shown by the similar percentage decline. 

Jn conclusion, the three-year observation seems to indicate that there is no 
need to apply mass treatment of an entire community in attempting to reduce 
prevalence of these geohelminths inasmuch as selective treatment will provide the 
same result. There will therefore be considerable savings on funds, time, effort 
and manpower on the part of the sponsor involved in this type of project. 
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Edito G. Garcia, Discussant 

As stated by Dr. Cabrera, the usual and generally accepted effective measures 
for controlling soil-transmitted helminths include deseeding the environment of 
eggs by sanitary disposal of human feces. But on account of our failure to do this, 
we have the continuing problem of soil-transmitted helminths. This failure of our 
population to utilize toilets is probably an indication of the ineffectiveness of our 
primary education to inculcate basic health habits and also the failure of the Min
istry of Health's education and sanitation program. Apparently, the intent of Dr. 
Cabrera is to sell selective mass therapy as an alternative method for sanitary 
disposal o f human feces. He further states that his data shows that lin1iting mass 
treatment to children would be as effective as treating the whole population al
though without defming the exact epidemiologic situation where the study was 

done. 
Ascariasis and other soil-transmitted helminths exist limier different epide

miological situations. These are: 1) areas where there is a level of sanitation with 
the adult population using toilets and consequently not be seeding the environment 
while the younger ages do so, and 2) a situation where there is minimal amount of 
sanitary disposal of feces with both adulLs and children seeding the enviromnent. 
The first type of epidenuological situation is where Dr. Cabrera's model will work. 
In the second type, in an area where there are very minimal amount of sanitary 
fa<.;ility, the adults will be defecating in the bushes or some other places, similar to 
what the children do. l suppose that in such situation. treatment of the population 
below 15 years will not be sufficient. 

Dr. Cabrera wants to have this method of controlling soil-transmitted hel
minths implemented and l am very glad that he dues because there have been earlier 
remarks that many of our researchers do not see to it that application of the results 
c1f their study is done. To make it easier for him to sell his idea H might help if he is 
able to show that the two communities where the study was done, were really 
comparable particularly with reference to data relating to amount of sanitation. 
Although he stated that the study areas arc identical, it is probably better if he 
includes these data in his report. 

Another consideration is how soon after treatment or how early before re
treatment were the children examined. This should be mentioned hecause the pro· 
b:ibility of getting a negative o r a positive result depends on how soon after treat
ment or how early before re-treatment was stool examination done. 

To me, a mass treatment progran1 should be done only to accelerate disap
pearance of soil-transmitted helminths and only where there is already an effective 
program of sanitation with increasing segment of the population using the toilets. 
This program (mass treatment) has been claimed to be effective in Japan and in 
Korea. l suspect sucess in said countries was due to concomitant progress in sanita
tion. 
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Bonifacio C. Dazo, Discussant 

I congratulate Dr. Cabrera for his excellent work. While we now talk on 
biomedical engineering, hybridoma technology, vaccines for malaria, vaccines for 
leprosy, and so forth, I am very pleased that there is a revival of interest in the age
old problem of the common intestinal worms. As you know, in the Matilla Regional 
of WHO, it has been a long battle before the top management was convinced that 
the lowly worms, the intestinal worms, could play a vital role by linking it with the 
modern concept of primary health care. Everybody says that immunization is the 
priority programme, the same thing applies to diarrheal diseases control and acute 
respiratory infections since our children's health is our great concern. You are 
wasting your time and in the present situation wherein resources are so scanty, why 
do you indulge in the soil-transmitted helminths? Well, I said has it ever occurred to 
you that in the poor developing countries, the communities will never be able to 
understand what you are talking about. For instance, family planning, they will say 
why stop us from having more children when we are underpopulated. And yet, we 
still keep on pressing this programme. We all know that the level of intelligence of 
the community is very low so the idea of starting with the lowly worms came to 

our mind. The community would never be able to grasp what you are telling them. 
In the highlands of Papua New Guinea, for instance, I told them, "look y our child
ren are anemic, and this is due to malaria and hookworm infection." Suddenly the 
word click, and the reply was, "oh yes, we know they have worms, intestinal 
worms." So immediately there is rapport. The communication gap narrows down 
and when you have a dialogue, the community listens and becomes aware of the 
problem and then you get their participation. So these are my general comments. 

Now I would like to go to the specific comments. Th.e objectives of Dr. 
Cabrera are happily parallel to ours. It is not to eradicate the intestinal parasitic 
infections. We are telling lies if we say that we will eradicate these intestinal hel
minths. But we t ell people that we are here to decrease or reduce the wonn load. If 
the reduction in number of worms from 2000 to 20 or to ten, the child would be 
able to grow and have more of the nutrition rather than giving the nutrients to the 
worms then I trunk you are being very objective. 

Regarding measures for control , I cannot but agree with Professor Cabrera 
that personal hygiene, proper disposal of human feces, health education to elicit 
community awareness and participation and mass drug treatment are fundamental 
measures for control. However, I would like to add one more factor and that is 
the provision of good water supply. After all in many developing countries, one 
of the primary necessities of life is shelter, food and water. Effective control by 
chemotherapy I also agree with Professor Cabrera. That is immediate and it will 
bring results with the least possible cost in manpower, in funds and so 011. However, 
there should be some word of caution. Indonesia where I worked for few years, we 
find in special cases like in the coal mining town of Sawah Lunto the situation is 
very different. There the adults, the working force, are the ones that arc heavily 
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infested with intestinal worms. And the same thing is true with the sugarcane 
workers in JogJakarta, in the island of Java. 

The last comment that l have is on the control efforts. In Japan, Korea and 
Taiwan , control efforts are being implemented successfully not by the government 
efforts alone. The private sector has been very much involved. Likewise, the com
munity is very much involved. I hope the same linkage, the same collaborative 
efforts will be elicited here. There is the highly motivated private group like the 
Jaycees, the Rotarians, the Lions Club, etc. I think all should have a hand in the 
control of soil-transmitted hclminths among our population especially among child
ren. 
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ABSTRACT 

Mexaform, an anti-amoebic drug, was used in this study. By Rec Assay, it 
was shown to possess slight DNA damaging capadty. However, by the use of the 
Ames test, it was not rnutagenic before metabolic activation. After metabolic 
activation, it is transformed to a base-pair mutagen. It also possesses chromosome 
breaking effocts, as measured by the number of micronuclcatcd polychromatic 
erythro<..-ytes in bone marrow cells of mice. It is therefore, a clastogcn. Its clasto
genic property, however, was greatly reduced by cystcine. 

Introduction 

Mexafonn, which contains a hylogenated hydroxyquinoline, is used for the 
treatment of amoebic dysentery. The parent compound, quinoline, was found to be 
a hepatocarcinogen in rats (I). 

Since the drug can be purchased over the counter, many who are .involved in 
self-medication are exposed to it . It is, therefore, imperative to study the effects of 
this drug on DNA, the genetic substance of the living cell. 

Review of Literature 

Mexafom1 is a luminal or contact amoebicidc that contains two active com
ponents, 7-iodo-5-choro-8-hydroxyquinoline, the major active component and 
4,7-phananthroline ·5,6-dione (2). 

Studies in Japan established a relationship between mexaform and a neuro
logical syndrome described as sub-myelo optic neuropathy (SMON). 1bis was 
attributed to iodochlorhydroxyquinoline, the major component of mexaform (3). 

When fed to rats, iodochlorhydroxyquinoline produced benign and malignant 
tumors of the liver (4). 

Another quinoline derivative, 8-hydroxyquinoline, induced chromatid aberra
tions in human leukocytes ( 5). 

This study is undertaken to find out if mexafonn is genetically toxic. 

129 
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Materials and Method 

Mexaform used in this study was a Ciba-Geigy Ltd. product. Bacillus subtilis 
mutants for the Rec assay were gifts from Dr. T. Kada, National Institute of 
Genetics, Mishima, Japan. Salmonella typhimurium strains 1535, J 537, 98, and I 00 
were obtained from Dr. Bruce N. Ames, Department of Biochemistry , University of 
California, Berkeley. Salmonella typhimurium G46 was a gift from Dr. Masaaki 
Moriya, Tokyo, Japan. 

Fetal calf scrum was obtained from Grand Island Biological Co., New York. 
Giemsa and May-Grunwald stains were Merck products. The experimental mice 
came from the Bio-organic colony of the Department of Chemistry, University of 
the Philippines, Dillman, Q.C. 

Rec assay was done based on the method of Kada (6). CuHures of wild and 
recombinant deficient strains were streaked on broth agar plates from one point. 
Mexaform suspension was applied to filter paper discs which were placed on that 
point. Zones of inhibition were measured after 20 hours of incubation at 37°C. 

Mutations induced without metabolic activation were studied using the 
method of Ames (7). Salmonella typhimurium mutants TA 1535, TA 1537, TA 98 
and TA 100 were used. ln this method, the bottom of a sterile petri dish was 
covered with minimal bottom agar containing Vogel Bonner E medium. A mixture 
of 0.1 ml suspension of the test organism with 2 ml of molten top agar premixed 
with histidine-biotin solution was poured into the hardened bottom agar. After the 
top agar hardened, a sterile paper disc with a diameter of 8 mm, containing mcxa
fonn suspension was placed in the center of the plate. Different concentrations of 
mexaform were used. TI1e plates were incubated for 48 hours at 37°C after which 
the revertant colonies visible as small, white opaque dots were counted. 

To find out if mcxaform is metabolized to mutagens or to non-mutagens, the 
host-mediated assay of legator and Gabridge (8), was employed. This is a combina
tion of in-vivo mamalia11 metabolism and microbial mutation tests. An indicator 
bacteria, Salmonella typhimurium G 46, is injected into the peritoneal cavity of the 
experimental mouse and mexaform is administered to the animal orally by gavage. 
After 3 hours, when the bacteria have come in contact with the metabolites of 
mexaform, they are withdrawn from the peritoneal cavity and induced mutation 
frequency is determined. 

Chromosome breaking effects of mexaform was detennined using the micro
nucleus test of Schmid (9). It is an in-vivo method for screening chemical systems 
for chromosome breaking effects. Mexaform was administered intraperitoneally. 
A subacute treatment over 30 hours was chosen. Applications were given 30 and 6 
hours before the animal was killed. Mice, 7-12 weeks old were used . .Micronucleated 
polychromatic erythrocytes were scored for every thousand erythrocytes. 
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Table 1. DNA Damarlng Capacity of Mcxaform as Measured by the Rec Assay Using Bacillus 
subtilis Strains H1 7 and M45." 

Zone o/ Inhibition 
Test system Strain mm 

Mexaform Ht 7 Rec+ 2.18 
M45 RCC ··· 4.97 

Quinolinc"'* Hl 7 Rec+ 22.59 
M45 Rec- 29.21 

·----· 
Control HI 7 Rec+ 0.00 

M45 Rec- 0.00 

"About 0.05 ml of mcxaform suspension w.is used on paper disc. 
**Quinolinc js used as posit ive control. (0.02 ml of a solution l mf(/ml) 

Table 2. Mutagenicity Potential of Mcxaform Without Metabolic Activation Using Salmonella 
typhimurium TA 1535 

Test System 

Pure mexaform 
90% mexaform in corn oil 
80% mexafonn in corn o il 
Ethylmcthanc sulfonate** 
Control 

"'Average of 25 plates 
**Positive control 

Results and Discu&<iion 

Revertams per plate"' 

3.96 
6.52 
4.88 

Too numerous to count 
7.63 

Table 1 shows th.at mexafonn has DNA damaging capacity. This is indicated 
by the greater inhjbition of growth of the Rec strain which does not possess the 
recombination repair system. The Rec strain was also inhibited to a lesser extent. 
Although it has the recombination repair system, it could not completely cope up 
with t11e stress given by high concentrations of mexaform. 

The data depicted in Tables 2 to 5 are t11e results of the tests using the Ames 
method to detennine whether mexaform interacts with DNA without metabolic 
activation. The data suggest that mexaform does not react directly with DNA with-
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Table 3. Mutagenicity Potential of Mexaform Without Metabolic Activation Using Salmonella 
typhimurium TA 1537 

Test System 

Pure mexaform 
90% mexaform in corn oil 
80% mcxaform in corn oil 
9·aminoacridine** 
Control 

*Average of 2.5 plates 
**Positive control 

Re1·ertanls per plate* 

8.84 
3.60 
3.81 

Too numerous to count 
9.24 

Table 4. Mutagcnicity Potential of Mexaforrn Without Metabolic Activation Using Salmonella 
l>'Phimurium TA 100 

Test System 

Pure rncxaform 
90% mexarorm in corn oil 
80% mexaform in corn oil 
Ethylmethanc su.Jfonate** 
Control 

*/I. veragc of 25 plates 
**Positive control 

Revertants per platl' "' 

98.52 
76.27 
65.96 

Too numerous to count 
106.I 7 

out metabolic activation. It is not a direct base-pair mutagen nor a direct frameshift 
mutagen. 

The results of the host-mediated assay a.re shown in Table 6. The data show 
that the test organism was reverted to prototrophy by metabolites of mexaform. 
Thus mcxaform is metabolized to a mutagen u1 the experimental mouse. This has 
some bearing with the biotra11sfonnation iodochlorhydroxyquinoline to its meta
bolites in the liver and the kidney (10). Urakubo and coworkers identified 5-chloro· 
8-hydroxyquinoline as a metabolite (11). This was shown to be mutagenic to 
Salmonella typhimurium TA 98 and TA 100 in the presence ofliver enz.yrnes (12). 
Hollstein and coworkers (13) proposed that quinoline is converted to a 2, 3-
epoxidc by human and rat Jiver enzymes. This in termediate actively alkylates DNA. 

The effect of mexaform at the chromosomal level in tJ1e bone marrow cells 
can be analyzed from the data shown in Table 7. The data based on the micro
nucleus test reveal chromosome breaking effects of mexaform. The micronucleus 
test is based on the principle that mitotic cells with chromatid breaks lag behind 
when the centric elements migrate towards the spindle poles and that after telo-
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Table 5.Mutagenicity Potential of Mexaform Without Metabolic Activation Using Salmonella 
typhimurium TA 98 

Test System 

Pme mcxaform 
90% mexaform in com oil 
80% mexaform in corn oil 
Malathion** 
Control 

*Average of 25 plates 
**Positive control 

Revertants per plate* 

36.48 
25.87 
22.19 

Too numerous to count 
39.56 

Table 6. Mutagenicity Potential of Mexaform After Metabolic Activation Based on Host-Mediated 
Assay Using Salmonella typhimurium G46 as Indicator Organism 

Test System 

Mcxaform 
Dimethyln.itrosoamine** 
Control 

**Positive control 

Rei•ertants/l oB survivors 

19.87 
43.10 

1.10 

phase, a sizable portion of such displaced chromatid is not included in the nuclei of 
the daughter cells but forms a single or multiple micronuclei in the cytoplasm of 
these cells. A few hours after their last mitosis, erythroblasts expel their nuclei but 
the micronuclei remain behind in the cytoplasm. Staining allows to distinguish 
micronucleated polychromatic erythrocytes. 

It is therefore suggested that mexaform is metabolically transformed to a 
clastogenic metabolite. Thus mexaform can cause damage of the chromosomes. 
This is in agreement with the finding by others (14) that quinoline and its deriva
tives can cause gaps and fragmentation of chromosomes. 

The effect of cysteine on the mutagenic and clastogenic potential of mexa
form is shown in Table 8. The reducing effect of cysteine shows that it is an anti
mutagen to mexaform. The presence of the sulfhydryl group in cysteine allows it to 
be very reactive with mexaform metabolites that possess electrophilic sites. An 
epoxide metabolite can be readily inactivated by cysteine, preventing its tendency 
to alkylate some bases of DNA. 

Summary 

Mexaform possesses DNA damaging capacity. Although it is not a direct 
mutagen, it is metabolized to a base-pair mutagen. Aside from its being mutagenic 
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Table 7. Clastogcnicity Potential of Mexaform on Bone Marrow Cells 

Mexaform 
4 ml/kg 
6 ml/kg 
8 ml/kg 

Control 

Number ofmicronucleated 
polychromatic Erythrocytes 
per thousand 

6.45 
7.68 

10.86 

2.34 

Table 8. Effect of Cysteine on the C!astogenicity Potential of Mexaform 

Mexaform (8 ml/kg) 

Mexaform + cystcine* 

*214 mg/kg 

l'•iumbcr of micronucleated 
polychromatic lirythrocyres 
per thousand 

10.86 

2.77 

after metabolic activation, mexaforrn induces chromosome damage. lt is therefore a 
clastogen. Its chromosome breaking effects, however, are greatly reduced by 
cysteine. 
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Introduction 

Recent research has firmly established hypertension as a key risk factor in 
coronary heart disease, increasing scientific interest in circumstances surrounding 
blood pressure dynamics ( 1-4). In a series of papers, Cassel argues that elevation of 
blood pressure with age occurs only in modern societies (5-7). 

The fust of these propositions has gained acceptance. The second, whlch 
implicates sociocultural factors more specifically, is being debated vigorously 
(8-10). The issues have been complicated by conceptual inclarity. Neither Cassel 
nor hls critics have distinguished clearly between comparisons involving lifelong 
residents of traditional and modern communities, and comparisons of persons who 
change residence from traditional to modem communities. The former are at risk 
for the impact of modernization upon blood pressure levels, the latter incur for the 
consequences of adaptation to a new environment in addition (11). 

lf psychosocial discontinuity increases hypertension risk, then migrants from 
traditional to modern communities incur the "double jeopardy" of modernization 
plus adaptation , and should be at greater risk than sedentary residents of modern 
conununities. While both the foregoing circumstances may operate within a single 
society and culture, there is a third variable, culture change, whlch is introduced 
when migrants choose to relocate to a destination within another cullure. To extend 

1. Financial support for field work in Luzon was provided by the NationaJ Science Dcvel
lopment Board, (now NST A) and the Philippine Heart Center for Asia. field work in 
Mindanao was jointly supported by a grant to the. Institute of Hehavioral Science from 
the Fleishrnann Foundation, and by Davao Research and Planning Foundation, Inc. 
Final statistical analysis was provided by Professor Henry Magalit, Department of 
Mathematics and Statistics, University of the Philippines, Los Banos., and Research 
Associate, Institute of Behavioral Science. 
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the language employed above, this would be a "triple jeopardy" situation: modern
ization, adaptation and culture change would all be implicated. 

The 1979 Report of the Working Group on Heart Dlsease Epidemiology (l 2) 
advises migration research on genetically homogeneous populatio n in environments 
representing contrasting levels of modernization and culture change to resolve tJie 
points raised above. Major studies now in progress in Puerto Rico and Honolulu are 
focused on both intracultural (rural to urban Puerto Rican migrants) and inter
cultural (trans-Pacific Japanese migrants) changes of residence to destination at a 
higher level of modernization (13-14). 

Filipinos in the Philippines and United States are a third population which 
offers an opportunity for parallel research. Several pilot studies initiated by the 
Philippine Heart Center for Asia and Institute of Behavioral Science, University 
of Colorado, have been completed. These include measurement of blood pressure 
and prevalence of hypertension in rural and urban Philippine communities (15-17), 
and cardiovascular disease mortality among Filipinos in Hawaii and California 
(18-20). 

The present paper brings together the results of several blood pressure studies 
from rural and urban areas of the Philippines. It is one of several ma11uscripts now 
in progress which will consolidate and interpret the pilot studies thus far completed. 
When combined witl1 the forthcoming report on cardiovascular disease mortality, 
they will provide the bas.is for more definitive hypothcsi~ testing. 

Methods 

The four Philippine communities selected for the blood pressure study 
provide comparative data which have a bearing upon the conceptual issues in
troduced above. A conservative rnral locale and a metropolitan urban center were 
chosen from Luzon, the oldest site of colonization in the Philippines, with primarily 
sedentary populations. A progressive rural locale and a metropolitan urban center 
were also chosen from Mindanao, the most recent site of settlements in the Philip
pines, with primarily sedentary populations. 

The study design is illustrated below: 

Figure l. Predicted Bank Order of Hypertension Prevalence in Sedentary and Migrant 
Communities 

Sedentary Migratory 
Locations l..ocations 
(Luzon) (Mindanao) 

Rural Pangasinan Davao 
Locations Province Province 

(0) (2) 

Urban Quezon Davao 
Locations City City 

(l) {3) 
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The subscript numbers predict comparative levels of hypertension by increasing 
degree of psychosocial discontinuity, as follows: 

0 = absence of psychosocial discontinuity in a rural, sedentary conununity 
setting. 
modernization within a sedentary urban settin.g. 

2 = adaptation by migrants to a rural community. 
3 = modernization and adaptation by migrants to an urban community. 

The study will present data on both blood pressure levels and prevalence of hyper
tension to assess the accuracy of this predictive model. 

Study Sites 

Since environmental differences are the independent variable utilized as 
predictors, a brief description of each study site emphasizing its distinguishing 
characteristics is presented below: 

A. The Sedentary Locations 

1. Run] Pangasinan 

This sedentary agricultural region, producing rice and sugar under the hacienda 
system since Spanish times, has been historically associated with landlord-tenants 
and laborcrn. The most densely settled province of the Ilocos administrative region, 
with a predominantly llocano-speaking adult population, Pangasinan has been the 
major source of migrants to Manila and Quezon City from the Island of Luzon since 
1900 (21). 

Within Pangasinan, two coastal municipalities, San Fabian and Lingayen, were 
sampled by multistage methods, yielding a study population of 8,874 males and 
10,191 females. Data were collected by the Research Division, Philippine Heart 
Center for Asia , as part of a field screening program for rheumatic heart disease, 
lschemic heart disease and hypertension (22). 

2. Quezon City 

While Quezon City, with 957 ,000 population in 1975, is the suburb within 
the Metropolitan Manila area manifesting the highest rate of growth since 1960, it 
is designated "sedentary" for the purpose of this study because the major source 
of its "immigrant" population has been the central city (Manila proper), i.e., the 
vast majority of its adult population consists of lifetime metropolitan urbanites 
who are native Tagalog speakers. Quezon City was established as the national 
capital in 1936. It is an admbtistrative center with a predominantly white-collar, 
middle class population , sharing in the greatest concentration of conunercial and 
industrial wealth in the nation. 

The metropolitan urban sample was drawn from 16 municipalities, 3 ,002 
persons were surveyed. Of these, I ,139 were males and 1,863 were females. Data, 
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once again, were collected by the Research Division, Philippine Heart Center for 
Asia. 

B. The Migrant Province 

1. Rural Davao Province 

On the Island of Mindanao, at the opposite end of the country, a rich reservoir 
of unoccupied fam1 land was opened for settlement a half-century ago. However, 
the bulk of the Cebuano-speaking population of the present provinces of Davao 
del Sur and Davao <lel Norte arrived after World War II with 1950-55 representing 
the peak interval or migration (24). The provinces themselves were not established 
until 1967. The bulk of immigrants to Mindoro originate from the central provinces 
of Cebu and Bohol which like Pangasinan are concentration points for rural poverty 
(21). 

Rural Davao represents a high technology farming area where multinational 
corporations have recently established the most profitable banana and pineapple 
plantations in Asia. Corporate farms employing industrial labor alternate with 
homesteaded family farms producing rice, com and coconut. The mean household 
income of the administrative region , Southeast Mindanao, in which these provinces 
are located is second only to that of Metropolitan Manila within the Phi1ippines 
(24). 

The rural Davao sample was evenly divided between the two provinces to 
the north and south of Davao City: 921 subjects ( 417 males and 504 females) were 
drawn from D-.i.vao dcl Sur, and 898 (372 males and 526 fomal.es) from Davao de! 
Norte. Data were collected by Davao Research and Planning Foundation, Inc., for 
the Insitute of Behavioral Science. 

2. D-avao City 

This metropolitan community of one-half million people is the admin
istrative capital of the southern Philippines, with an explosive annual growth rate 
of 5 .5%. Four-fifths of its present population represents post World War II growth. 
It is an important timber-processing center and contains other heavy industries. 
Also a relatively wealthy community, it has an urban mean family income second 
only to that of Manila. Its labor force is more diversified than that of Quezon City 
with substantial blue collar and small business components. Although predominantly 
Cebuano-speaking like its hinterlahd provinces, Davao City is a polyglot community 
with a substantial minority of immigrants from Luzon. 

Jn Davao City, a city-wide sample frame was employed to select 1,432 
individuals. Of these 670 were males and 762 were females. As in the rural Davao 
provinces, data were collected by Davao Research and Planning Foundation, Inc., 
for the Institute of Behavioral Science. 
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Examituition 

A single casual blood pressure reading taken after five minutes' rest was used 
in the survey. In Quezon City and Pangasinan, blood pressures were measured using 
one of four random-zero blood pressure apparatuses (Hawkesley). Jn Davao Province 
and Davao City, conventional mercury manometers were employed. Standardiza
tion of blood pressure readings and training in measurement were done according to 
WHO recommended procedures (25). Criteria used for the diagnosis of high blood 
pressure were also those advised by WHO. Persons with blood pressure greater than 
160/95 mm Hg are considered "definite" hypertensives. 

Heights and weights were measured to the nearest 0.5 cm. and 0.1 kg. History 
questionnaires were administered and tabulated for the two urban populations: 
Davao City and Quezon City. The interview included risk factor data: smoking 
history, fats and salt consumed in the diet, socioeconomic characteristics and social 
support. The interviewers utilized by Davao Research and Planning Foundation 
were trained by Philippine Heart Center personnel to insure comparability of 
results. All measurements and interview were restricted to persons ages IS and 
above. 

Results 

The results of the four-community study will be presented in three sections: 
(I) blood pressure comparisons; (2) hypertens.ion prevalence comparisons ; (3) as
sociated variables. The hypothesis represented in Figure l provides the framework 

for the discussion. 

A. Blood Pressures by Age-Sex and Community 

Mean systolic and diastolic blood pressure readings by sex for all four com
munities appear in Table 1. The direction and significance of differences between 
communities by type are presented in Table 2. Source tables with detailed age
specific blood pressure readings by sex for all four communities appear in the 
appendix (Al -A4). 

The analysis of mean differences presented in Table 2 produces mixed results. 
In both the sedentary area (Luzon) and the migratory area (Mindanao), rural mean 
blood pressure values are higher than urban (panels A-B, Table 2). The diastolic 
blood pressure differences are all sufficient to attain statistical significance. These 
interpretations are not affected by age-adjustment (T\lble 1). 

However. blood pressure level~ in migrant communities are higher than in 
sedentary communities (panel C, Table 2). Once again, the diastolic blood pressure 
values attain a more consistent pattern with greater statistical significance. These 
interpretations, likewise, are not altered by age-adjustment (Table l ). The pattern 
of male difference is more uniform than the female pattern. 
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Table 1. Mean lllood Pressures, Systolic and Diastolic, Age-Adjusted and Unadjusted for Males 
and Females, Ages 15-74, from Four Philippine Communities: Migrant and Sedentary, 
Rural and Urban l 

A. Sedentary 

1. Rural Pangasinan 
Male 
Female 

2. Quezon City 
Male 
Female 

B. Migrant 

1. Rural Davao 
Male 
Female 

2. Davao City 
Male 
Female 

SBP 

123.41 
11 9.95 

119.06 
112.55 

124.45 
118.15 

124.03 
I 17.80 

V11adjus1ed 
SIJ DBP 

15.59 
17.30 

17.70 
l8.60 

13.78 
13.27 

12.00 
20.05 

28.59 
76.83 

77.70 
72.65 

04.36 
81.01 

80.50 
77.32 

I Age-adjusted to 1975 population of the Philippines. 

SD 

l 0.26 
10.97 

11.51 
11.51 

9.44 
9 .39 

12.67 
I 3.62 

.4ge·adjustecl 
SJJP DBP 

122.07 
117.90 

11 8.14 
111.45 

122.46 
117.40 

123.49 
I 17.99 

78.09 
75.95 

77.25 
72.23 

82.89 
80.43 

80.26 
77.40 

The Phi1ippinc population is quite young, with a median age of 21.5. Mean 
blood pressure values in the present study, in which subjects range from 15 to 74 
years of age, will be biased in favor of the younger age groups. Since blood pressure 
differences in younger subjects tend to fall within the sub1:ritical range, they are 
less interesting in a study focused upon risk of coronary heart disease than the 
readings for older persons. Also the rank order of means represented by the total 
population of the four communities may not reflect the status of blood pressures 
among the older age groups. 

These speculations led to a reformulation of age-adjusted date by age groups 
in Table 3. The SBP and DBP measures for subjects in the 15-24 and 2544 
categories confirm the inferences from Tables 1-2 concerning the rural-urban 
comparison: the fonncr continue to be higher than the latter. However, the rank 
order is reversed for subjects in the 45-64 age groups withi11 which the urban 
readings tend to be higher than rural. For age groups 25 and above, migrant com
munities conh·nue to have higher readings than sedentary communities. 

The reversal of rank order between rural and urban communities disclosed by 
the separation and comparison of younger and older age groups results from sharply 
differentiated patterns of elevation of blood pressure with age in the two types of 
communities. These patterns are disclosed in Figures 2-3 in which diagrams have 
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Table 2. Mean Differences ill S~'stolic ru1d Diastolic Blood Pressures Between Communities 
By Sex With Significance Tests 

Systolic 

Mean 
Difference p 

A. SEDE:'l/TARY LOCATIONS (Luzo n) 

Rural - Urban (RP -- QC} 
Male 4.35 
Female 7.40 

.001 

.001 

ll. MIGRANT LOCATIONS (Mindanao) 

Rural - Urban (RD > DC) 
Male .42 n.s. 
Female .35 n.s. 

C. MIGRANT-SEDENTARY COMPARISONS 
(Mindanao-Luzon) 

Rural - Rural (RD > RP) 
Male 1.04 .10 
Female 1.80 .01 

Rural - Urban (RD > QC) 
Male 5.39 .00 1 
remale 5.60 .001 

Urban - Rural (DC > RP) 
Male .62 n.s. 
Female - 2.15 .01 

Urban - Urban (DC> QC) 

Male 4.97 .001 
Female 5.25 .001 

RP - R ural Pangasinan 
QC - Quezon City 

Mean 
Difference 

.89 
4.18 

3.86 
3.69 

5.77 
4.18 

6.66 
8.36 

1.91 
.49 

2.60 
4.67 

RD - Rural Davao 
DC - Davao City 

Diastolic 

p 

.05 
.001 

.001 

.001 

.001 

.001 

.001 

.001 

.001 
n.s 

.001 

.001 

been constructed from the systolic 'Figure 2) and diastolic (Figure 3) data in Table 
3. 

In both figures , when panels C-D describing urban sites are compared with 
panels A-B describing rural sites, two important differences emerge: 

I) urban readings for ages 15-44 fall below rural readings for the same age 
groups fo r both sexes in most cases; 

2) urban blood pressures elevate much more sharply between ages 24-44 
holds for both sexes. 



142 Cabral, Migration, Modernization and Hypertension 

Table 3. Age-Adjusted Mean Male and Female Systolic and Diastolic Blood Pressures for Selected 
Age Groups in Four Philippine Communities: Migrant and Sedentary. Rural and Urban 

A. Scclent.ary 

I . Rural Pangasinan 

Ages 15-24 
25-44 
45-{)4 

2. Quezon City 

Ages 15-24 
24-44 
45-64 

B. Migrant 

I . Rural 1Ja1'ao 

Ages 15-24 
25-44 
45.64 

2. Damo Cicy 

Ages 15-24 
25-44 
45-64 

Male 
SBP 

11 7.69 
122.14 
1 27.48 

111.01 
11 7.68 
J 27.04 

j 15.49 
124.28 
128.69 

11 5.46 
125.20 
133.05 

1 Age-adjusted to the Philippine 1Jopulation. ! 975 

Female 
DBP SBP DBP 

75.26 113.16 76.34 
79.14 11 7.27 76.65 
8 1.70 125.52 80.59 

72.16 104.59 68.44 
78.50 109.28 71.92 
83.30 124.81 79.36 

77.95 J 12.09 77.34 
84.90 117.29 80.84 
86.82 125. 74 84.49 

74.63 107.70 70.60 
81.88 117.29 78.1 7 
87.20 133.68 86.66 

The uniformity of these twu patterns for both SBP and DBP causes the urban 

readings i.11 panels C-D to describe longer lines ascending at steeper angles tha11 those 
of panels A -B. 

Within each of the four panels of figures 2-3, a migrant an<l sedentary com
munity are compared. Once again, two important differences may be noted: 

I) the migrant member of each pair of communities d isclosed blood pres
sure readings rising to a higher level than that of its sedentary partner; 

2) the urban migrant communities (panels C'-D) disclose blood pressures 
rising to a higher level among persons 4 5-64 than <lo mral migrant 
communities (panels A-8). 

As mentioned earlier iJ1 the interpretation of data from Tables I -2. the diastolic 
patterns (Figure 3) are more completely differentiated between communities than 
the sy~tolic patterns (figure 2). 

Those two sets of interpretatio ns of the age-adjusted data for specific age-sex 

groups (Table 3) tend to confirm the assertions presented ill Figure 1: urban blood 
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Figure 2. Age Adjusted Male and Female Systolic Mean Blood Pressures for Selected Age 
Groups in Migrant and Sedentary Locations: Rural Compared with Urban. 
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pressures, which are subject to rnodl>mization, should be higher than rural; migrant 
blood pressures, which require adaptation, should be higher than sedentary. Finally, 
where the two forces interact , migrant urban blood pressures, subject to both 
modernization and adaptation, should be the highest of all. However, these observa-
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figure 3. Age Adjusted Male and Female Diastolic Mcar. Blood Pressures for Sckcted Age 
Groups in Migra.nt and Sedentary Locations: Rural Compared with Urban. 

A. 
Migrant and Sedenrary 

Rural Sites 

MALE c 
Migrant and Sedentary 

Urban Siu·~ 

mm Hg 

90 

85 

80 

75 

70 

65 

90 

85 

80 

75 

70 

65 

,,. 
78.2 ,,./ 

fl" 

75.J 

15-24 

-.... -
77.3 

72. :3 

15-24 

/ 
/ 

B. 

___ _. 
-- 86.8 ,..-

" / 84.9 

25-44 45-M 

74.6 ,,. ,..,.. 
ff"' 

15-24 

,.. ,.. 

25-44 

"1?MALE D. 

-· .,..,. 84.5 

/ 

" ....:;(. ( 
I J.} 

25-44 45-64 15-24 

/ 
/ 

,,, "7fu. 
/ 

/ 
/ 

25-44 

/ 

,. 87.2 

83.3 

45-64 Yrs. 

/ 
/ 

,. 86.7 

79.4 

45-64 Yry.-

- - - - - - - - Migrant ----- - Scdentar>' 

Lions appca1 to bl· true only !'or the older age ~roups within the four co111mun
itics. i.e. , persons 45-<i4. These condusions await confir111atio11 rro111 the hyper
tension prevalence data to be reviewed in the followiug section. 

The inferences cu11ce1 ning ~ge p;i1 terns would be on l1m1cr groun<l ii' supported 
by other studies. While migrant-sedentary comparisons are lacking from Southeast 
Asia, urban and rural Chinese hlood pressure measures can be secured from two 
well-known Taiwanese studies (26, 27). Jn Table 4, the Chinese data have been 
regrouped to match Table 3, with the following results: 

I) urban readings for ages 15-44 fall below rural readings for the same 
groups for both sexes; 
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Table 4. Age-Adjusted Mean Male and Female Systolic and Diastolic Blood Pressures for Selected 
Age Groups by Sex: Rural and Urban Taiwanl 

Male Female 
SBP DBP SBP DBP 

Urban Taipei 

Ages 15-24 116.31 69.18 l09.00 66.44 
2544 119.64 73.95 113.47 72.05 
45-64 130.55 84.21 136.65 82.79 

Rural Taiwan 

15-24 123.27 76.00 121.38 78.46 
2544 123.96 79.44 123.44 79.31 
45-64 127.64 82.26 135.49 84.49 

1 Age-adjusted to the Philippine population, 1975 

2) but urban bJood pressures elevate much more sharply between ages 
2544 and 45~4 than do rural blood pressures; 

3) finally, urban blood pressures among older persons (45-64) tend to be 
higher than those found in the rural conununity. 

These concJusions correspond to those provided earlier for the urban and rural 
Philippine locations. 

B. Hypertension Prevalence by Sex and Community 

The age-adjusted prevalence rates for males and females, ages 50-74, by com
munity are presented in Table 5. Hypertension, as mentioned earlier, is defined 
as a blood pressure reading in excess of l 60/95 mm Hg. The direction and signif
icance of the prevalence rates differences between communities are presented in 
Table 6. 

The rank order of prevalence which is set forth in Table 5 confirms the 
analysts from Table 3 and Figures 2-3: 

1) There is greater prevalence in urban than in rural areas among both 
sexes; 

2) prevalence is greater in the migrant urban than in the sedentary urban 
location; 

3) prevalence is greater in the migrant rural than in the sedentary rural 
location; 

4) the community in which migration and urban life style are combined, 
Davao City, has the highest prevalence rate encountered in the study. 

It is noteworthy that sex differences only appear in the rural locations. In both 
rural Pangasinan and Davao Province, male hypertension exceeds that of females. In 
Davao City and Quezon City, rates for both sexes are almost identical. 
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Table 5. Definite Hypertensives in Four Philippine Communities: Age-Adjusted Rates by Sex 
for Population Ages 50-741 (per 1,000 population) 

--·- - ·--------
A. SEDENTARY LOCATIONS (Luzon) 

1. Rural Pangasinan 

Male 
Female 

2. Quezon City 

Male 
Female 

B. MIGRANT LOCATIONS (Mindanao) 

I. Rural Davao Province 

Male 
Female 

2. Davao City 

Male 
Female 

1 Age-adjusted to the 1975 population of the Philippines. 

Rates 

135.9 
123.2 

252.0 
256.9 

189.6 
138.8 

282.7 
294.6 

In 'f able 6. 1 he Mantcl-llai.:: 11s7.cl relative risk formula has been computed for 
all pairs of locations, and the significance of differences tested. Within both 
sedentary (Luzon) and migrant (Mindanao) locations (Panels A-B of Table 6, the 
excess risk of urban over rural residents proves to be significant. Comparisons of 
migrant with sedentary communities (Panel C. Table 6) produce similar results: the 
excess risk of urban over rural residents proves, once again, to be significant. But 
comparisons of communities of the same type (urban vs. urhan, rural vs. rural) did 
not yield significant results. 

The final two comparisons of migrant-sedentary locations (Panel C. Table 6) 
are worth comment, since they represent the largest and smallest reported dif
ferences in relative-risk: 

I) the greatest excess of hypertension risk is sustained by the residents of 
Davao City, the migrant urban location, compared with residents of 
Pangasinan, the rural sedentary location. 

2) the smallest excess of hypertension risk is measured when the residents 
of Davao City, the migrant urban location, are compared with residents 
of Quezon City, the sedentary urban location. 

The hypertension prevalence data generally confirm the conclusions reached 
from the examination of the blood pressure levels of persons in the 45-64 age range. 
The implications of Tables 3 and 6 taken together are as follows: 

1) The urban environment is associated with both rapid elevation of blood 
pressure with age and excessive risk for hypertension among members 
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Table 6. Relative Risk for Hypertension by Sex in Four Philippine Communities for Population 
Ages 50-741 

A. SEDENTARY LOCATIONS (Luzon) 

Urban - Rural (QC > RP) 

Male 
female 

B. MIGRANT LOCATIONS (Mindanao) 

Urban > Rural (DC> RDJ 

Male 
Female 

C. MIGRANT-SEDENTARY COMPARISONS 
(Mindanao-Luzon) 

Rural> Rural> (RD > RP) 

Male 
Female 

Urban > l<ural (QC> RD) 

Male 
Female 

Urban > Rural (DC> RP) 

Male 
Female 

Urban> Urban (DC> QC) 

Male 
remale 

Relative 
Risk 

1.75 
2.07 

1.52 
2.0S 

1-37 
1.17 

1.28 
1.77 

2.08 
2.40 

1.19 
1.l6 

I Mantel-Haenszcl relative risk formula (28). Probability by Chi-squre. 

RP - Rural Pangasinan 
QC - Quezon City 

RD - Rural Davao 
DC - Davao City 

p 

.001 

.001 

.10 

.02 

n.s. 
n.s. 

n.s. 
0.5 

.001 

.001 

n.s. 
n .s. 

of both sexes. This generalization holds for both sedentary and migrant 
urban locations. 

2) Migration appears to interact with the urban environment to intensify 
the elevation of blood pressure and excessive risk for hypertension. 
However, differences produced by migration alone do not appear to be 
sufficient for statistical significance, e.g. rural Daw.o compared with 
Pangasinan. 
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While both modernization and adaptation are associated with elevated blood 
pressure and hypertension risk, the former operates independently while the latter 
takes auxiliary role. 

C. Associated Variables 

The etiology of hypertension exemplifies the "linked open systems" model of 
explanation advocated by Cassel and his associates (29): bio-chemical, physiological, 
psychosocial and cultural factors are all implicated by contemporary investigators. 
Explanations ranging from trace minerals in the water supply to the adequacy of 
social support have found advocates in the recent literatwe (30-31 ). 

It remains to devise a model tracing the intersystemic linkages between agents 
at different levels, and to test it empirically. Single factor explanations, such as 
obesity, still have their advocates; but they are inconsistent with cunent concepts 
of etiology. In the absence of a focusing hypothesis, however, commitment to 
multilevel explanation promotes "broad spectrum" data collection and interview 
procedures. 

Among the factors generally believed to be implicated in elevated blood 
pressure and hypertension are age and body weight. Both were recorded for all sites 
in the present study. Within the two cities, a range of items including personal 
behavior (smoking, dietary factors) and psychosocial factors (education, occupa
tion, social support) was also obtained and analyzed. First, the significance or 
weight as an explanatory factor will be examined across all four sites. Following 
this, age and body mass adjusted relationships between SBP and DBP and the other 
variables will be considered within the two cities where hypertension prevalence 
was found to be the greatest. 

Mean heights and weights by sex for each study site are presented in Table 7 
together with age-adjusted figures . All same-sex mean differences in weights 
between communities were significant at the .005 level with one exception: rural 
Davao women d.id not differ in weight from those in Davao City. The table supports 
the conclusion that both men and women tend to be heavier in urban locations. 
Age-adjustment increased the urban-rural differences in both sexes by decreasing 
the rural figures. Detailed age-specific mean heights and weights by sex and com
munity are presented in the appendix (Tables AS-7). 

The age-adjusted data by specific age group in Table 8 has been prepared to 
correspond to the blood pressure levels presented in Table 3. Unlike blood pressure, 
there is no reversal of urban-rural weight patterns with age. Men and women in the 
urban samples are heavier than theif rural counterparts at each age level in the Table 
8 sequence. 

Comparison of Table 3 and Table 8 results produces some unexpected 
observations, however. Although blood pressure elevates with age in both sexes and 
all study sites (Table 3), weight does not (Table 9). Only in Quezon City do we find 
that persons in the 45-64 age groups have mean weights greater than those who are 
2544. But blood pressure and hypertension levels in Davao City are higher than 
those in Quezon City among persons 45-64 in both sexes. It seems unlikely that 
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Table 7. Mean Heights and Weights, Age-Adjusted and Unadjusted for Males and Females, Ages 
15-74, From Fout Philippine Communities: Migrant and Sedentary, RUial and Urban 

Unadjusted Means Age-adjusted Means1 

Height Weight Height W&ight 
(Cm.~) S.D (Kgs) S.D (Cms) (Kgs} 

A. Sedentary 

l. Rural Pa nga&inan 

Male 
l•cmale 

2. Quezon City 

Male 163.32 7.02 58.46 10.49 163.37 58.18 
Female l 51.48 6.5 1 49.93 9.07 151.45 49.59 

B. Migrant 

1. Rural Davao 
Male 159.31 7.10 52.11 8.14 158.91 51.33 
Female 150.90 6.07 47.60 8.43 150.72 46.98 

2. Davao City 

Male 161.66 6.41 53.78 8.91 161. 70 53.78 
female 151.44 5.70 47.63 8.54 151.59 47.65 

1 Adjusted to the 1975 population of the Philippines 

obesity will explain the prevalence of hypertension found among urban migrants to 
Davao City. 

To assess the possible independent influence of the behavioraJ variables on 
blood pressure levels, it is necessary to control for age and body mass. For this 
purpose, the Quezon City and 0-Jvao City study populations were divided by sex. 
Each group was then separated into scale values of the nine text variables, e.g., four 
scale values of social support were employed. Mean SBP and DBP levels, adjusted 
for age and body mass index (weight/height 2 1 Q4) were them computed for each 
scale value of the nine variables. Tests for homogeneity of the adjusted means were 
calculated by analysis of covariance, using the general linear models procedure. 

For any associated variable to influence the level of blood pressure in a study 
population, it is necessary to reject the null hypothesis that all means computed for 
scale values of that variable could be drawn from the same population. Results for 
each city and both sexes appear in Table 9, with probability values for homogeneity 
tests. Seven of the nine variables showed some evidence of relationship to blood 
pressure (P ~ .10). However, only the physiological factors employed as controls, 
age and BMI, were consistently related to SBP and DBP at a high level of significance 
in all four groups. 
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Table 8. Mean Age-Adjusted Heights and Weights for Selected Age Groups, By Sex, for Four 
Philippine Communities: Migrant and Sedentary, Rural and Urban l 

----·-·· 
Male Female 

Height Weight Height Weight 
(Cms) (Kgs) (Cms) (K~) 

A. Sedentary 

I. Rural Pangasina11 

Ages 15-24 
25-44 
45-64 

2. Quezon City 

Ages 15-24 163. 77 53.S l 151 .10 46.73 
24-44 163.49 60.37 151.46 50.55 
45-64 163.30 62.91 151 .28 53.36 

B. Migrant 

L Rural Davao 

Ages 15-24 157.58 48.94 150.87 45.81 
25-44 160.40 53.42 151:50 49.03 
45-64 158.83 52.31 149.75 46.54 

2. Davao City 

Ages 15-24 161.49 50.67 151.69 44.51 
25-44 162.43 55.84 15 l.60 49.69 
45-64 161.06 55.49 150.93 50.24 

--··----·------
I Age-adjusted to the Philippine population. 1975 

There was little consistency across age and sex groups in eitlier city for 
behavioral variables. Eight homogeneity tests were perfonned for each (2 BP 
measures x 2 sexes = 2 cities), nef more than three were significant for specific 
variables: social support and household income. Three variables disclosed significant 
departures from homogeneity in only two subgroups: fat consumption, education 
and occupation. 

Behavioral variables were more frequently associated with blood pressure 
levels in Quezon City than in Davao City, and were more frequently associated with 
female blood pressures than with male. Conventional risk factor indicators (cigaret 
smoking, fat cornmmption) appeared to be less influential than psychosocial 
variables (social support and income). This could be an artifact of measurement and 
scaling procedures. 

The social support results from both cities (Table 10) represent the most 
frequent occurrence of statistical significance among the behavioral variables in 
Table 9. Inverse association of social support with blood pres.5ure can be discerned 
for both sexes in Quezon City and for males in Davao City. Household income 
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Unadjusted Means for Systolic and Diastolic Blood Pressure, Age and Body Mass Index By 
Number of Cigarets Smoked Per Day For Davao City Males and Females 

Cigarets Smoked Per Day 
None 01-19 21-29 JU or more 

A. Males 

B. 

SBP 123.40 
DBP 80.27 
Age 33.08 
BMI 3,320.54 
N 617 

Females 

SBP 11 7.70 
DBP 77.2 1 
Age 32.72 
BMI 3,141.06 
N 75 1 

126.00 
79.09 
46.82 

3,157.03 
II 

117.63 
81.63 
40.75 

3.410.77 
8 

135.41 
85.09 
4 7.05 

3,369.24 
22 

144.33 
92.67 
58.33 

3,288.24 
3 

130.75 
83.59 
48.71 

3,403.31 
17 

0 

Age and Body Mass Adjusted Means for Systolic and Diastolic Blood Pressure By 
Num ber of Cigarets Smoked Per Day For Davao City Males and Females 

·---·--·--- ··--·-· 

(1) 
None 

Cigarets Smoked Per Day 
(2) (3) 

01-19 21 ·29 
(4) 

30ormorc 

A. Males 

B. 

SBP 123.85 122.82 129.74 
DBP 80.53 77.68 81.70 

Females 
SBP 117.85 110.24 124.94 
DBP 77.30 77.15 81.51 

Significanu levels: 

A. Males 
The SBP comparison of Cols. 1-3, has P = < .05; all others are n.s. 
The DBP comparisons are n.s. 

B. Females 
All SBP and DBP interrolumn comparisons are n.s. 

124.05 
79.50 

(Table 11 ), while displaying lesser significance, was also inversely associated with 
blood pressure among both sexes in Quezon City, and among women in Davao. In 
the Philippines, size of the extended kin group residing nearby (a measure of social 
support) is positively asrociated with social class which, in turn, reflects level of 
income (32-34). 
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A. 

B. 

Unadjusted Means for Systolic and Diastolic Blood Pressme, Age and Body Mass Index Dy 
Consumption of Foods Containing Satmated Fats and Davao City Males and Females 

Level of Fat Consumption (Score Values) 1 

0-2 3-4 5-7 8 or more 

Males 

SBP 122.87 123.08 125.30 124.90 
DBP 78.5 79.78 82.14 81.71 
Age 34.88 33.00 35.04 33.40 
BMI 3,271.39 3,277.65 3,363.59 3,375.88 
N 191 144 173 159 

Females 

SBP 119.91 116.83 118.32 116.28 
DBP 77.33 77.13 78.04 76.70 
Age 36.46 32.08 32.60 30.85 
DMI 3,081.87 3,102.73 3,201.07 3,181.59 
N 172 193 210 187 

1 Score values refer to daily (3), weekly (2), or less frequent (I) consumption of pork/beef, 
egss, butter, margarine or fried foods. 

Age and Body Mass Adjusted Means for Systolic and Diastolic Blood Pressures by Consumption 
of Foods Containing Saturated Fats and Davao City Males and Females 

Level of Fae Consumption (Score Values) 

(1) (2) (3) 4 
0-2 3.4 5.7 Barmore 

A. Males 

B. 

SBP 123.14 124.05 124.47 124.60 
DBP 78.82 80.44 81.57 81.40 

Females 

SBP I 17. 71 117.70 118.19 117.55 
DBP 76.12 77.67 77.92 77.39 

Significance levels: 
A. Males 

All SBP lntercolumn comparisons are n.s. The DBP comparisons of Cols. 1-3 and 1-4 
have P = < .05 

B. Females 
All SBP and DBP Intercolumn comparisons arc n.s. 
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Table 9. Statistical Association of Interview Variables with Systolic and Diastolic Blood Pressures 
Adjusted for Age and Body Mass lndex (P Values) 

Davau CTty Quezon City 
SBP DBP SBP DBP 

Male Female Male Female Male Female Male Female 

Age .0001 .0001 .0001 .0001 .0001 .0001 .0001 .0001 
Body ma~s lnde:i.. .0001 .0001 .0001 .0001 .0001 .0001 .0001 .0001 
Residence in city n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
Cigaret smoking n.s. n.s. n.s. n.s. n.s. n.s. 11.S. n.s. 
Fat consumption !LS. n.s. .06 n.s. n.s. 11.S. n.s. n.s. 
Social support n.s. n.s. n.s. n.s. .005 .04 .03 11.S. 

Education n.s. n.s. n.s. n.s. n.s. .004 n.s. .04 
Occupation n.s. n.s. n.s. n.s. n.s . .01 n.s. .07 
Income n.s. n.s. . 05 n.s. n.s. .0001 n.s. .01 

These variables suggest more frequent elevation of blood pressure among the 
lower class, but the association is based largely on significant a~sociations from 
Quezon City (Table 9). In Davao, the migrant city, higher social status is more 
likely to result from upward soda[ mobility. Other studies have related soda} 
mobility to an increase in levels of risk factors (35 , 36). This may offset the ten
dency for higher social status to be associated with lower blood pressure in Davao 
City. At present, however, tltis is only a hypothesis. 

Discussion 

The study undertook the comparison of blood pressures and related measure· 
men ts from four Philippine commutl.ities arranged in a 2 x 2 factoral design: urban 
and rural , migrant and sedentary (Figure l). It was predicted that blood pressures 
and hypertension levels would be (1 ) higher in the urban than rural communities, 
(2) higher in the migrant than sedentary communities. 

Conclusions from intercommunity comparisons are as follows: 

1. Between ages 2544 and 45-64, elevation of blood pressure with age was 
always greater in urban than in rural study sites. This was true for both 
SBP and DBP, and· for both sexes (Table 3, Figures 2-3). 

2. When migrant and sedentary communities were compared (urban with 
urban and rural with rural), blood pressures of persons 45-64 were 
alwa)C.S higher in the migrant community. While this was true for both 
SBP and DBP and for both sexes, the DBP difference were more 
substantial (Table 3 , Figures 2-3). 

These conclusions from age-adjusted blood pressure levels were further tested 
against hypertension prevalence data: 
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Table 10. Mean Blood Pressu1e Levels Adjusted for Age and Body Mass by Level of Social 
Support for Males and Females in Quezon City and Davao City 

A. Males 

SBP 
DBP 
N 

8. Females 

SBP 
DBP 
N 

A. Males 
SBP 
DBP 
N 

B. Females 

SHP 
DBP 
N 

0 

121.33 
79.06 

312 

113.50 
73.08 

609 

0 

l 24.15 
80.53 

275 

117.50 
77.88 

315 

A. Quezon City 
Level of Social Supportl 

(Score Value) 

1 

116.4 7 
76.28 

133 

110.56 
72.18 

141 

B. Davao City 
Level of Social Support1 

(Score Value) 

1 

123.91 
80.88 

251 

118.15 
77.42 

294 

2 3 or more 

117.91 115.96 
76.62 76.95 

66 54 

110.76 107.93 
72.86 70.57 

59 37 

2 Jormore 

125.02 119.66 
80.45 76.80 

114 27 

11 7.47 119.53 
75.91 76.39 

132 21 

1score values are assigned for relatives living nearby (I), for frequent visit8 with relatives (l), 
regular church attendance (1), and number of association and group memberships (1 + 05). 

3. Hypertension prevalence was always greater in urban than in rural 
study sites for both sexes (Table 5). All possible urban-rural comparison, 
(4) between migrant and sedentary study sites were made by computing 
relative risks, and were significant (P ~ .05) for at least one sex (Table 
6). 

4. When migrant and sedentary sites of the same type were compared 
(urban with urban and rural with rural), hypertension was always more 
prevalent in the migrant community (Table 5). However, relative risks 
computed for these comparisons (panel C. Table 6), failed to reach 
statistical significance. 
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Table 11. Mean Blocd Pressures Adjusted for Age and Body Mass by Level of Household Income 
for Males and Females in Quezon City and Davao City 

P000-999 

A. Males 

SBP 120.68 
DBP 78.44 
N 153 

B. females 

SBP 115.43 
DBP 74.18 
N 322 

P000-999 

A. Males 

SBP 123.26 
DBP 78.66 
N 147 

B. females 

SBP 120.47 
DBP 77.95 
N 193 

A. Quezon City 

Level of Household lncome 

PJ000-1999 

120.46 
78.26 

191 

111.20 
72.20 

292 

B. Davao Cjty 

Level of Household Income 

PJ000-1999 

124.85 
81.08 

145 

117.00 
77.66 

168 

P2000-

117.91 
77.89 

195 

109.61 
71.67 

205 

P2000· 

123.78 
79.93 

77 

116.82 
75.65 

81 

The urban environment, representing modernization, appears to be sufficient to 
increase hypertension prevalence significantly in the Philippines without the added 
factor of migration. Migration, representing the dimension of adaptation to a new 
environment, does not seem sufficient in itself to increase hypertension prevalence 
significantly without the assistance of modernization, i.e., an urban environment. 

Within the two urban environments, Quezon City and Davao City, age and 
body mass were closely associated with blood pressure differences; the behavioral 
variables (personal habits,socioeconomic characteristics) were less clearly associated 
when age and body mass were controlled. However, both social support and house
hold income showed significant results in a minority of cases tested (Table 9). The 
relative lack of explanatory power encountered in psychosocial variables, constras-
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ted with physiological attributes, has been observed by Reed, McGee and Yano 
(37) in their recent analysis of urban Japanese data from HawaH. 

A 1978 Iranian study (38) which compared rural villagers with migrants 
to Teheran and indigenous urbanites from the capital city reached conclusions 
similar to those presented for the four Philippine communities. Among subjects 
of both sexes, ages 40-59. both blood pressure and hypertension prevalence were 
ran. Once again, urban modernization rather than migrant adaptation appears to be 
the influential variable. 

The failure of migrant adaptation to emerge from either the Iranian or Philip
pine studies as a significant detem1inant of blood pressure and hypertension dif
ferences is not surprising. Neither study described the migration experience or 
Jifferentiated between migrant and sedentary populations with precision. 

The nature of the behavioral changes entailed by migration needs to be 
elucidated. Length of exposure to the new envirorunent and age at migration, 
social status of migrants within source and destination communities should be 
investigated . So too, should possible persistence of rural social organication and 
employment among migrants in the city as well as changes in prin1ary wriables 
such as diet, physical activity, occupation and social support. 
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A-1. Systolic and Diastolic Mean Blood Pressures with Standard Deviations and Body Mass In-
dices by Age Groups for Males, from Rural Pangasinan and Quezon City, Philippines, 1978 

RURAL 
SBP SD DBP SD BM! 

Male Ages: 15-19 115.09 11.57 73.74 8.63 
20-24 120.26 12.28 77.63 8.73 
25-29 121.14 l l.11 77.91 8.65 
30-34 121.84 I 1.34 78.87 9.48 
4044 123.63 14.47 80.65 9.80 
45-49 125.91 16.34 75.95 11.84 
50-54 126.63 15.28 81.63 10.20 
55-59 128.32 17.58 81.91 11.41 
60-64 131.96 19.30 82.63 11.48 
65-69 136.52 21.78 84.39 ) 2.34 
70-74 137. 75 21.50 83.38 12.30 

V RBA N 
SBP SD DBP SD BM! 

Male Ages: 15-19 109.53 10.24 70.22 8.39 3,165 
20-24 112.92 13.34 74.66 9.60 3,389 
25-29 116.99 13.30 76.90 8.56 3,669 
30·34 115.76 13.22 77.43 9.56 3,690 
35-39 118.39 13.63 79.14 11.06 3,779 
40-44 120.94 15.57 83.26 12.59 3,622 
45-49 124.11 15.96 81.22 10.52 3,794 
50-54 125.40 18.41 82.81 12.43 3,882 
55-59 133.77 25.87 86.10 13.85 3,879 
60-64 127.11 15.88 84.68 10.96 3,878 
65-69 141.35 J 7.46 80.65 11.80 3,578 
70-74 161.60 26.75 89.40 14.19 3,831 

A-2 Systolic and Diastolic Mean Blood Pressures with Standard Deviations and Body Mass In
dices by Age Groups for Females, Rural Pangasinan and Quezon City, Philippines, 1978 

R URAL 
SBP SD DBP SD BM/ 

Female Ages: 15-19 112.33 10.93 72.78 8.47 
20-24 114.23 11.12 71.78 9.43 
25-29 115.93 12.39 75. 71 9.69 
30-34 116.57 13.73 75.94 10.08 
35-39 117.11 14.96 76.77 10.84 
40-44 120.99 16.96 79.32 10. 71 
45-49 122.68 17.88 80.13 11.39 
50-54 123.90 18.24 80.54 11.33 
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RURAL 
SBP SD DBP sv BM! 

60-64 132.23 21.28 81.39 12. 17 
65-69 133.29 21.41 81.99 12.33 
71). 135.28 23.30 80.75 11. 74 

URBAN 
SBP SD DBP SD BM/ 

Female Ages: 15-19 103.39 9.93 68.22 8.85 3,042.9 
20-24 106.14 14.80 68.74 I 1 .82 3,124. l 
25-29 107.72 12.74 70.90 10.48 3,243.6 
30-34 107.59 14.48 70.40 10.81 3,269.9 
35-39 110.92 12.91 73.53 8.89 3.397.3 
4044 112. 77 17.14 74.20 12.70 3,510.3 
45-49 119.38 17.13 "18.15 10.71 3,624.8 
50-54 123.68 22.50 79.45 11.23 3,503.l 
55-59 128.81 19.86 79.64 10.70 3,649.3 
6(}.64 131.95 21.51 81.15 11.54 3,238.6 
65-69 134.92 29.73 78.00 12.97 3,377.7 
70- 137.96 20.84 75.83 I 1.93 3,265.4 

A-3. Systolic and Diastolic Mean Blood Pressures with Standard Deviations and Mean Body Mass 
Indices, by Age Groups for Males, Rural Davao Province and Urban Davao City, Philippines 
1978 

RURAL 
SBP SD DBP SD BM/ 

Male Ages: 15-19 l ll.39 11.09 75.81 10.11 2,998 
20-24 120.77 14.91 80.72 8.02 3,228 
25-29 123.15 11.40 84.02 7.81 3,341 
30-34 124.19 12.64 84.48 8.20 3,274 
35-39 125-60 14.07 85.46 10.06 3,331 
4044 125.00 12.60 86.55 9.90 3,362 
45-49 127.92 12.60 86.55 8 .83 3,344 
50-54 128.89 16.04 86.99 9.80 3,285 
55-59 129.29 14.47 87.87 8.81 3,291 
60-64 129.17 20.91 86.17 15.78 3,192 
65-69 140.62 20.39 88.75 11.75 3,090 
70- 143.83 24.97 94.50 15.98 3,041 

URBAN 
SBP SD DBP SD BM! 

Male Ages: 15-19 112.22 11 .32 72.08 9.68 2,995 
20-24 119.65 10.22 77.94 9.15 3,310 
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RURAL 
SBP SD DBP SD BMI 

25-29 123.58 10.44 80.22 10.06 3,353 
30-34 125.63 10.15 88.33 9.06 l,645 
35-39 125.81 11.66 82.27 11.42 3,494 
40-44 126.92 19.02 83.69 14.29 3,365 
45-49 129.31 19.73 86.59 13.04 3,619 
50-54 130.29 19.58 84.91 14.78 3,431 
55-59 134.80 20.01 87.57 13.17 3,276 
60-64 142.03 26.29 9l.06 17.28 3,316 
65-69 138.89 22.97 87.33 13.68 3,454 
70- 137.56 23.42 81.55 15.36 3,401 

A-4. Systolic and Diastolic Mean Blood Pressures with Standard Deviations and Mean Body Mass 
Indices, by Age Groups for Males, Rural Davao Province and Urban Davao City, Philippines 
1978 

------··-·-· 
RURAL 

SBP SD DBP SD BMI 

Female Ages: 15-19 109.97 10.02 76.37 7.68 2,984.6 
20-24 114.82 10.43 78.60 8.47 3,093.0 
25-29 116.12 12.57 78.80 9.16 3,186.7 
30-34 117.33 12.66 81.67 10.75 3,272.4 
35-39 116.86 12.29 81.72 8.06 3,190.5 
40-44 119.90 15.50 82.44 11.23 3,299.6 
45-49 122.72 17.35 83.83 10.85 3,222.8 
50-54 128.98 18.03 86.30 9.68 3,122.5 
55-59 122. 76 13.26 82.20 l l.69 2,938.0 
60-64 130.09 14.74 85.73 8.10 3,040.2 
65-69 139.00 13.11 88.18 10.94 2,763.3 
70- 131.14 24.52 83.85 13.06 2,559.9 

URBAN 
SBP SD DBP SD BMI 

Female Ages: 15-19 106.39 9.98 76.26 9.17 2,915.6 
20-24 109.28 9.73 71.03 9.03 2,950.9 
25-29 111.28 12.89 73.98 10.95 3,116.7 
30-34 117.16 16.11 77.15 14.28 3,261.8 
35-39 121.18 16.10 80.73 12.88 3,306.0 
40-44 124.20 16.77 84.54 13.08 3,607.9 
45-49 129.27 24.20 84.62 15.38 3,509.4 
50-54 134. 78 21.83 85.62 11.79 3,397.2 
55.59 139.39 33.65 88.79 19.92 3,211.3 
60-64 133. 71 16.96 89.52 8.02 3,245.9 
65-69 141.80 23.60 90.35 14.31 2,902.3 
70- 158.67 36.10 89.00 7.04 3,066.9 



160 Cabral, Migration, Modernization and Hypertension 

A-5. Mean Heights and Weights, with Standard Deviations, by Age Group, for Males and Females 
from Quezon City, Philippines, 1978 

MALES 
Height SD Weight 
(Cms} (Kgs) SD N 

Males Ages: l 5-19 163.09 8.15 51.15 9.08 l22 
20-24 164.65 6.97 55.79 7.53 82 
25-29 163.49 6.31 60.00 10.91 69 
30-34 162.49 8.01 59.98 10.93 53 
35-39 164.37 5.22 62.08 9.79 44 
40-44 163.73 6.55 59.36 10.87 46 
45-49 162.55 9.11 61.63 7.63 36 
50-54 164.52 5.58 63.94 11.95 52 
55-59 161.68 5.43 62.81 9.87 30 
60-64 164.79 4.17 63.92 8.82 19 
65-69 157.99 4.14 56.54 8.20 l 7 
70-74 159.23 7.07 61.13 8.26 10 
Total 580 

FEMALES 

Female Ages: 15-19 151.10 6.26 45.99 7.72 175 
20-24 152.68 6.33 47.69 6.61 147 
25-29 152. 10 5.18 49.36 7.41 88 
30-34 150.35 6.59 49.24 8.61 70 
35-39 15 l.37 8.40 51.34 9.92 74 
40-44 151.94 7.18 53.34 10.13 76 
45-49 151.93 8.08 55.01 8.63 73 
50-54 152.55 3.93 53.54 9.74 59 
55-59 150.14 5.39 54.79 10.91 42 
60-64 149.56 4.72 48.39 6.14 20 
65-69 148.17 6.95 50.17 8.68 26 
70-74 149.94 4.69 49.00 12.48 25 
Total 873 

A..f:J. Mean Heights and Weights, w:itl1 Standard Deviations, by Age Group, for Males and Females 
from Davao City, Philippines, 1978 

MALES 
Height SD Weight 
(Cms) (Kgs} SD N 

Male Ages: 15-19 160.46 7.00 48.13 6.70 143 
20-24 162.81 6.05 53.94 7.83 98 
25-29 163.06 5.98 54.76 7.58 88 
30-34 162.24 7.08 57.34 8.90 55 
35-39 162.94 5.66 57.03 8.85 67 

40-44 160.96 6.23 54.18 7.51 36 
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MALES 
Height SD Weight 
(Cms} (Kgs) SD N 

45-49 161.48 7.15 58.46 10.07 49 
50-54 160.00 6.1 2 55.00 11.09 35 
55-59 162. 10 5.11 53.16 8.77 30 
60-64 160.65 5.96 53.37 9.95 31 
65-69 158.96 5.59 55.00 8.42 18 
70-74 160.52 5.91 54.71 11.42 16 
Total 668 

FEMALJ:: S 

Female Ages: 15-19 15 1.63 5.74 44.26 6.26 160 
20-24 151.77 6.06 44.84 S.92 120 
25-29 151.69 5.36 47.30 7.26 112 
30-34 151.28 5.5 1 49.40 8.37 75 
35-39 151.62 6.07 50.20 9.30 80 
40-44 151.83 4.92 53.56 9.43 50 
45-49 150.48 6.25 50.8~ 9.30 46 
50-54 156.05 5.15 51.78 11 .07 37 
55-59 150.96 5. 78 48.58 9.49 33 
60-64 150. 13 5.23 48.80 8.48 21 
65-69 150.11 6.44 44.SB 9.41 20 
70-74 146.86 3.34 45.06 6.69 9 
Total 763 

A-7. Mean Heights and Weights, with Standard Deviations, by Age Group, for Males and 1--'cmales 
from Rural Davao Provinces, Philippines, 1978 

MALES 
Height SD Weight 
(Cms) (Kg.1·) SD N 

Males Ages: 15-19 I 56.47 7.72 47.03 6.93 79 
20-24 159.03 7.01 51.41 8.18 81 
25-29 161.22 7.54 53.95 8.19 87 
30-34 160.13 6.44 52.50 7.26 103 
35-39 159.96 6.30 53.35 7.83 89 
40-44 159.92 7.44 53.85 7.87 98 
45-49 159.60 7.43 56.48 9.08 79 
50-54 159.28 7.10 52.34 8.04 65 
55-59 157.61 5.75 52.03 9.00 31 
60-64 158.17 4.20 50.43 6.93 23 
65-69 156.50 8.23 48.50 6.69 16 
70-74 158.00 7.29 48.17 8.00 12 
Total 763 
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llr:ight Weight 
(Cms) SD (Kx.v) SIJ N 

FEMALES 

Female Ages: 15-19 150.73 6.36 45.03 5.87 118 
20-24 151.06 5.84 4.6.81 5.32 149 
25-29 151.82 6.24 48.45 7.54 153 
30-34 150.95 6.12 49.50 8.86 133 
35-39 151.38 6.16 48.42 8.65 138 
40-44 I 51.84 5.43 50.18 9.67 122 
45-49 150.57 5.69 48.56 8.07 95 
50-54 l 51.06 5.53 47.28 8.11 53 
55-59 149.90 5.58 44.03 5.83 29 
6~4 146.14 6.40 44.63 9.86 22 
65-69 146.82 5.45 40.73 ll.61 22 
70-74 145.07 6.58 37.14 5.60 14 
Total 1,048 
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Santiago V. Guzman, Discus.5<mt 

Hypertension being a public health problem needs solution which is pre
ventive in nature. One of the main thrusts in health promotion and disease preven
tion is an understanding of risk factors i.e., characteristics which increase morbidity 
and mortality of disease. One such risk factor in hypertension is migration as 
already discussed by Dr. Cabral. 

It might be pertinent to mention at this point that studies on intercultural 
assessment of the effects of migration among Japanese migrants some years ago. 
This study involved Japanese from Hiroshima and Nagasaki and Japanese in Hono
lulu and Japanese in San Francisco where they evaluated the prevalence of coronary 
artery disease and hypertension in these three groups of population and they found 
that the prevalence of coronary artery disease was highest in San Francisco and 
intermediate in Honolulu and lowest in Japan. 'The same picture was true with 
hypertension except that they found Urn t hype1iension was related to the weight of 
the individual. In other words, they were able to to explain the degree of rise in 
blood pressure in San Francisco because the population there were heavier than the 
population in the other areas. 

On the other hand, they had a chance tu evaluate the effects of acculturat ion; 
the psycho-social and cultural changes in the population and they found that the 
Japanese who maintained lhe traditional Japanese culture and associating with 
more Japanese in San Francisco had the same prevalence iate M coronary artery 
disease as those in Japan. Whereas those who were assimilated with the American 
way of life had a very high prevalence of coronary artery disease. ·in this context, 
tl1e appearance of hypertension among migrants from rural to urban area may be 
prevented or minimized if the migrant has social support like being among relatives 
and friends in the new environment. 
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Introduction 

Minimal change lesion (MCL) is the commonest histologic expression of 
primary (idiopathic) nephrosis of infancy and childhood.1·3 In the absence of 
expertise in and facilities for kidney biopsy, it is safe to presume that a child 
between 1 and 16 years of age with nephrotic syndrome has MCL until proven 
otherwise. The International Study of Kidney Disease in Children (ISKDC), in its 
1970 Collaborative Report,4 calls attention to three (3) other significant mor
phologic changes associated with primary nephrotic syndrome. These are: (1) focal 
glomerular sclerosis (FGS), (2) mesangial proliferative glomerulonephritis 
(MesPGN) and, (3) membranoproliferative glomerulonephritis (MPGN). These 
lesions have been investigated extensively over the past decade and there are suffi
cient data to suggest that they differ from MCL in terms of overall prognosis. 2,4 ,6-11 

In the Philippines, we started a prospective series on primary nephrotic 
syndrome .in January 1979. Since that time, l 04 first kidney biopsies have been 
performed on I 04 children, representing almost half of the total number of primary 
nephrotics (218) diagnosed until December I 982. 

For this paper, we limit the discussion to only 102 patients. We delve into 
their clinical characteristics, therapeutic responses and latest disease status, sum
marize the clinical picture that suggests one pathology over another, and pinpoint 
salient details which may guide clinicians in their choice of therapeutic, agents. 

Materials and Methods 

The collective biopsy experience of three (3) hospitals for the years 1979 to 
1982 was reviewed. Due to the meager number of patients with membranous 
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nephropathy (only 2 out of 104 patients), they were excluded from analysis. None 
of the remaining l 02 children had evidence of a previous episode of poststrepto
coccal nephritis, a preexisting systemic disease, or prior exposure to physico
chemical agents known to cause nephrotic syndrome. All had a minimum follow-up 
period of 6 months. 

On the basis of predominant histologic changes, 4 groups were ide.ntified -
MCL, FGS, MesPGN and MPGN. These lesions were then compared with each other 
a.~ to clinical presentation,. response to conventional drug therapy and eventual 
outcome. Important areas of dissociation were subjected to statistical analyses 
using the chi-square method and the students' l·test. 

Definitions 

I. Steroid-responder - one who remits within four ( 4) weeks of steroid 
therapy at high daily doses (2 mg per kg/day); 

2. Steroid-resL5tant - one who fails to remit within four (4) weeks of 
steroid therapy at high daily doses: 

3. Frequent-relapser2 - ·· a steroid-responder who relapses at least twice 
within any consecutive six-month period; a drug-free interval exists between 
attacks; 

4. Minimal change lesions (MCL)3 - the glomeru.Ii look normal under light 
microscopy; 

5. Focal glomerular sclerosis (FGS)4,S - glomerular obsolescence, hya
linosis and/or sclerosis limited to a few glomeruli or segment of a glomerulus; 

6. Mcsangial proliferative glomerulonephritis (MesPGN)8.12 - there is an 
increase in mesa.ngial cytoplasm and/or ccllularity ; no thickening of the capillary 
walls; 

7. Membranoproliferative glomerulonephritis (MPGN)IO - there is both an 
increase in mesangial cytoplasm and/or cellularity and thickening of the capilla1y 
walls. 

Results 

Table I depicts the case materials for this study. Primary nephrotic syndrome 
was due to MCL in 38% of cases, FGS in 12%, MesPGN in 24%, and MPGN in 26%. 

Clinical Presentations (Table ll) 

1n all four types, there was an obvious predominance of boys over girls. The 
average age at o nset of MPGN was significantly higher than that of MCL, FGS or 
MesPGN (p, < .05). MCL patients had significantly lower average diastolic blood 
pressures at admission when compared with patients having the otlrnr .pathologic 
types (p, < .005). Initial average 24 -hour proteinuria was significantly higher in 
FGS and in MPGN in contrast to either MCL or MesPGN {p, < .005). The former 
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Table 1. Pathologic Causes of Primary Olildhood Nephrosis 

Pathology No. of Patients % 

MCL 39 38% 
FGS 12 12% 
McsPGN 24 24% 
MPGN 27 26% 

Total 102 IOOW 

two lesions also registered higher initial average serum creatinine levels but the 
difference was not significant (p, < .20). The incidence of gross or mic roscopic 
hematuria was higher in FGS (66.6%) and in MPGN (55.5%) than that in MesPGN 
(33.3%) and in MCL (12.5%). This finding was highly significant (p, < .005). And 
so was the incidence of hypocomplementcmia in MPGN (70.4% vs. 25%, 2 1.7% and 
13.5% in FGS, MesPGN and MCL, respectively), p, < .005 . 

Ten (10) of 39 MCL patients (25%) presented with nephritic signs, i.e. , 
diastolic BP ;;;;.: 90 mm Hg, significant microhematuria, or serum creati..ninc ;;;;.: 1.8 
mg%, during the first weeks of the illness_ These disappeared within four weeks of 
steroid therapy . Hypocomplemcntemia (CH100 < 1 :40 or C3 < 50 mg%) was 
detected in 5 out of 37 patients with MCL who were tested. 

Therapeutic Responses (Table ID) 

All patents uniformly received corticosteroids initially at 2 mg/kg/day for 
four weeks. MCL and MesPGN accounted for most of the initial steroid-responders 
(92.3% and 83.3%, respectively). Steroid-responsiveness in both lesions was very 
significant (p, < .005) unlike that in FGS and in MPGN wherein steroid-resistance 
was the rule. 

Cyclophosphamide or chlorambucil was added .to the steroid regimen as 
indicated, at maximum total doses of 225 mg/kg and 9 mg/kg, respectively (dura
tion of treatment, 3 to 6 months). Twenty-five (25) out of 36 MCL patients who 
were steroid-responsive but frequently-relapsing received either drug; all remitted 
for periods longer than those obtainable from solitary steroid regin1es. One (1) 
initially steroid-resistant MCL case was lost to follow-up and was unable to w1dergo 
cytotoxic treatment but two (2) others who had such treatment remitted. 

Two (2) FGS patients were initially steroid-responsive. One developed 
steroid-resistance in a later relapse; she was also resistant to further therapy with 
cyclophosphamide. The other patient (histology, focal glomerular obsolescence) 
always responded to steroids alone during repeat attacks. Seven (7) initially steroid
resistant FGS patients were given cytotoxic agents; all remained protcinuric post
therapy. Dipyridarnole was tried in two (2) patients and a remission of I and 3 
months while on therapy was induced. 



Table 2. Clinical Presentations of Vru:ious Pathologic Lesions 

> 
Initial Ave. Initial A ve, § 

Ave. Age Initial A 1•e. 24-Hr Protein- Seriem Creat· Hematuria Low Serum <> ..... 
Pathology at Onset Sex Ratio Diastolic BP wia inine Complement 

...., 

( Yr) (,tL'lf Hg) (GM) (MG%~ Gross Microscopic Level §· 
~ 

MCL 6.5 28M : llF 70.5 4.32 1.12 0 5/39 5/ 37 
z 
Cl> 

"" (n, 39) <1·15) (60-120) (1.12-10.2) (0.6-3.0) ~ 
& 

FGS 6.4 9.M 3F 77.5 8.07 1/12 7/12 3/ 12 
.,.., 

1.76 C'1 
(n, 12) (2·13) (60-100) (2.09-19.03) (Q.8·8.3) 0 

i3 
"' 

MesPGN 6.9 17M ?F 79.4 4.28 1.22 1/ 24 7/24 5/23 2 
0 

(n, 24) (2-13) (50-110) (1.06-9.99) (0.7·2.l) ~ 
~ c. 

MPGN 8.7 19M 8F 80.7 7.03 l.5 1 7i27 8/27 19/27 
.,;. 

"' "' 
(n, 27) (3-1 S) (50-100) (1.76-27.2) (0.7-5.6) 
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Table 3. Therapeutic Responses of Various Pathologic Lesions 

Subsequent Therapeutic Response 
Pathology Initial Steroid-Sensitivity 

Steroid-Responsive Steroid-Resistant 
Responsive Resistant 

Cytotoxic Cytotoxic Cytotoxic Cytotoxic 
Responsive Resistant Responsil'e Resistant 

MCL 36/39 3/ 39 25/ 25 0 2/3 0 
(n, 39) (92.3%) (7.7%) (100.0%) (66.6%) 

FGS 2/12 10/ 12 1/2 1/ 2 0 7/7 
(n, 12) (16.6%) (83.4%) (50.0%) (50.0%) (100.0%) 

MesPGN 20/24 4/24 4/5 l /5 0 2/2 
(n, 24) (83.3%) (16.6%) (80.0%) (20.0%) (100.0%) 

MPGN 10/27 17/27 6/7 1/7 4/ 14 10/ 14 
(n, 27) (37.0%) (63.0%) (86.0%} (14.0%} (29.0%) (71.0%) 

Cyclophosphamide was given to five (5) initially steroid-responsive MesPGN 
cases. Four (80%) remitted following therapy while one who became steroid
resistant in a later relapse failed to respond also to that agent. Two (2) of four 
:initially steroid-resistant MesPGN patients received cyclophosphamide. Both were 
treatment failures: one subsequently died of end-stage renal ctisease (ESRD) 2 years 
from diagnosis and the other was lost to follow-up. 

Of 10 MPGN patients who were initially steroid-responsive, seven (7) had 
cyclophosphamide therapy. They included one patient who later became steroid
resistant. She did not respond to cyclophosphamide but remitted with dypyrida
mole. The other six (6) patients responded to cyclophosphamide (remission rate, 
86%). On the contrary, out of 14 MPGN patients given cyclophosphamide because 
of steroid-resistance, only four successfully responded. Ten (10) patients or 71 % 
failed to respond: four were given other drugs (e.g. indomethacin) to no avail, two 
had no further treatment (still normofunctional), two were in chronic renal failure 
(CRF), one was dead and one was lost to follow-up. 

Eventual Outcome (Table IV) 

Ninety-one (91) patients were religiously followed up for an average period of 
24 months (range, 6-72 mos.). Their disease duration was 39 months on the average 
(range, 6-120 months). Among all four lesions, MCL had the highest remission rate 
(97%) with or without therapy. Next was MesPGN (remission rate, 85%). Both rates 
were fowid to be significantly higher than those observed in · FGS and in MPGN 
(p, < .005). Only one patient with MCL had proteinuria as of this reporting; he just 
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Table 4 . Eventual Outcome of Various Pathologic Lesion.~ After an Average follow-up Period 
of 24 Months (N, 91) 

A i•eragc Duration A11erage Length Renal Death 
Pathology o/fllnt•ls of Fo/101~cup In Persiste11t Jn (ESR fJ} or 

(Mos} (Mos) Remission Prorei11uri11 CRF Actual Dealh 

MCL 33.0 21.7 34 0 0 
(n. 35) (6-120) (6-60) (97%) 

FGS 45.0 18.6 4 4 0 3 
(n, J l) (6-120) (6-48) (36%) 

MesPGN 42.6 24.9 17 '.! 0 
(n, 20) (6-R3) (6-60) 85~(.) 

MPGN 43.6 28.4 16 6 2 
(n. 25) (14-IOO) (6. 72) (64%) 

relapsc<l. 111e inci<lence of persistent protcururia, CRF or death wa"S high in the non
MCL groups. FGS and MPGN reg.istercd the highes1 morbidity and mortality 
figures. 

In this series, the overall mortality rate (ESRD, CRF or actual death) was 
7.7% (7i91) whereas the overall remission rate v.ith or without trcatn,1ent was 78% 
{71/91). The rest (14.3%) had persistent disease. 

Discussion 

Prin1ary m~phrotic syndrome due to MCL has the mildest clinical signs and 
the best long-term outlook. Initial steroid-responders arc expected to respond to 
subsequent courses of steroids in future attacks. 111ose who frequently relapse 
enjoy longer remission periods following use of cytotox.ic agents.13-15 Even a few 
who are initiatly steroid resistant respond to cytotox.ic therapy .16-17 Notwith
standing the initial and transient nephritic features of some patients (25% in tltis 
study), therapeutic behavior with either steroids or cytotoxic agents is the same. 
111e hypocomplementemia that is observed iii 13.5% of patients presumably reflects 
loss of complement via the urine concomitant with heavy proteinuria rather than 
consumption of this protein in ar1 inlmunc-mediated process. 

The nephrotic syndrome seen in FGS affects the same age bracket and 
initially presents with normal kidney function as MCL does. A distinctive finding in 
FGS in this and other studies,18 however, is very heavy protcinuria (up lo 19.03 
grams in one patient) on top of a fairly high incidence of hernaturia (66.6% here). 
Nephrotic syndrome due to FGS is usually refractory to therapy.8,19 The ability of 
dipyridamole to induce remission in two steroid- and cytotoxic-resistant cases in 
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this series is a welcome observation and certainly warrants further evaluation. 
FutrakuJ20 has had similar successes using that drug in FGS. It is perhaps more 
beneficial and less costly , in the light of the above findings, to proceed to clipyrida
mole therapy after resistance to steroids has been proven among FGS patients. The 
benefits are translated in terms of saving some children from certain death within 
6-7 years from diagnosis5 and circumventing many of the undesirable side effects 
related to cytotoxic treatment. 21 111c long-term prognosis of the singular case of 
focal glomcrular obsolescence is uncertain. He rem.its easily with steroids and his 
kidney function is nom1al. Other investigatorsS,8 have reported similar h.istories. 

MesPGN appears to approximate MCL in terms of age at onset of disease, 
degree of proteinuria, normal kidney function and infret1ucnt occurrence of hypo
complementemia.19 Unlike in MCL, however. hypertension and hematuria arc 
notable.7·8,12 Corticosteroids are capable of inducing remission in 83.3% of cases. 
Those who are steroid-responsive but frequently-relapsing arc likewise benefited by 
cytotox.ic agents in 80% of children so treated. These figures arc comparable to 
those of other studies.12 AJso comparable is the failure of cytotoxic agents to 
induce remission among patients who are initially steroid-resistant.22 Long-tcnn 
prognosis in this disease seems to be better than that of either FGS or MPGN but 
no better than that of MCL.1 9 In fact, one death recorded here is due to MesPGN. 

Among the four histologic types, MPGN can easily be sorted out on the basis 
of the following clinical traits: (1) older age at onset; (2) higher incidence of hyper
tension, hematuria and very heavy proteinuria, and; (3) prevalence ofhypocomple
mcntemia. More than half of patients are initially steroid-resistant; furthermore , 
those who are steroid-resistant are also resistant to cytotoxic agents. It appears that 
only those cases who initially and continually respond to steroids arc likely to have 
variable remission periods post-therapy with cytotoxic drugs. Even then, the remis
sion rate in this disorder is third only to MCL and MesPGN. Nine patients have 
either persistent proteinuria or end-stage kidney disease. One of them is dead after 
51 months of therapy-resistant nephrotic syndrome. 

Our cumulative experience these past four (4) years can be viewed from a 
non-operative standpoint. Much as we advise kidney biopsy for all its infom1ative 
benefits, many circumstances hinder its consununation in many settings in the 
country. rn these limited situations, constant steroid-responsiveness during neph
rotic attacks may be used as a relatively good prognostic gauge,2,23 irrespective of 
the age at onset or clinical presentation. 'This study unifonnJy shows a favorable 
remission rate among steroid-responders in any of the four pathologic lesions. 
Patients who are initially steroid-resistant are more likely to have glomernlar 
changes that augur a poor prognosis.3 For the simple reason tl1at cytotoxic drugs 
may also be unable to control the proteinuria, non-cytolytic preparations like 
dipyridamole may be tried. The alternative use of the latter may prevent iniliction 
of iatrogenic disorders resulting from misuse of cytotox.ic agents. 
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Summary 

102 primary nephrotic children who had kidney biopsy between January 
I 979 and December 1982 were studied. The histopathology was MCL in 38%, FGS 
in 12%, MesPGN in 24% and MPGN in 26%. MCL patients had the most benign 
clinical presentation. They were steroid- and/or cytotoxic-responsive, and had 
excellent remission rates with or without treatment. The other three pathologir 
were characterized by varying degrees of hernaturia, hypertension and azotemia. 
Hypocomplementemia was most frequently observed in MPGN. MesPGN appeared 
to approximate the steroid- and cytotoxic-responsiveness of MCL but its prognosis 
seemed not as good. FGS and MPGN were associated with very heavy proteinuria 
and a high incidence of hematuria and steroid/cytotoxic resistance. Death and 
therapy-resistant proteinuria in this series were mainly attributed to these two latter 
lesions. 

This study corroborates the findings of otJ1er investigators that initial and 
continual responsiveness to steroids in nephrotic syndrome is a good prognostic 
index. Steroid-resistant patients should have the benefit of kidney biopsy for 
definite diagnosis. If this is not possible, cytolytic therapy should not be tried as it 
can be both ineffective and hazardous. 
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Benjamin Canlas, Discussant 

This is a very special paper and wouJd like to congratulate Dr. Alftler for 
having been able to collect this number of cases in the relatively short time he has 
been with us. Our experience with renal biopsies has been relatlvely recent . Dr. 
Alfiler and Dr. F. Alano have made renal biopsies important procedures in their 
management of renal disease and fo r this reason we have been virtually forced to 
familiarize ourselves with the study of renal morphology in renal disease. I. there
fore, do not consider myself to be an expert in this field. 

Renal biopsy as a means of guiding the clinician in the management of renal 
disease has been going on for the last few decades in other parts of the world. 
There has also been considerable advancement in the techniques utilized for eval
uating morphology. This has resulted in enom1ous increase in our knowledge in 
the nature and pathogenesis of renal disease. By correlating morphology with 
clinical manifestations various forms of renal disease have evolved , early diagnosis 
is possible, institution of the correct management is arrived at , efficacy of therapy 
can be correctly evaluated, prognostication is more reliable, and the natural history 
of the disease may be provided. 

There are generally acceptable classifications of glomerulopathies that various 
authorities in this field postulate. While nome11claturc and classification may vary 
somewhat according to authorities concerned, most pathologists and clinicians 
would understand each other even when these variations are utilized. The entities 
enumerated in the paper of Dr. AlfiJer are generally accepted and, therefore, can 
be made comparable with other studies abroad. 

There are, however, certain shortcomings in the study of biopsies in our 
country. Generally, we depend on the ordinary hematoxylineosin stain in our 
studies often supplemented with such special stains as PAS, trichrome and sometimes 
silver stains. In more sophisticated countries, all four stains enumerated above are a 
must and in addition they utilize immunotlourescent techniques and electron 
microscopy. Dr. J. Zamuco, who is another pathologist delving in renal biopsies, 
sometimes performs immuno-Oourescent methods. Since our methods of study are 
limited to light microscopy accuracy in diagnosis may be open to question. How
ever, when we compare the results of Dr. Al.filer with those noted abroad , there is 
general correlation of the figures. We are quite confident, therefore, that inspite of 
the shortcomings that we have, the pathologic diagnoses made are generally ac
curate. 

Studies such as these can give us a better insight of renal diseases in our 
country which can help not only in the management but probably in the prevention 
of these diseases. Again, let me congratulate Dr. Alfi.ler for his efforts in this basic 
investigation. 
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ABSTRACT 

Donnant seeds of sorghum with 2N:2Q; mu.ngbean, 2N:22; peanut, 2N"'40; 
and tobacco, 2N=48, were treated with sub-lethal doses of gamma radiation, post
soaked in caffeine solution and grown in field plots to maturity Untreated seeds 
and seeds treated only with radiation or caffeine were used as control 

At 30 Krads, the species with high chromosome numbers gave a bigger in
crease in somatic mutation frequency over the radiation control than the species 
with low chromosome numbers. Similarly, the species with high chromosome 
numbers gave a bigger increase in frequency of M2 seedling mutation over the 
control than the species with low cluomosome numbers. The possible influence 
of chromosome number on caffeine inhibition of DNA repair leading to a higher 
probability of induced mutation is discussed briefly. 

Introduction 

It is now universally recognized that living cells are nonnally equipped with 
certain enzyme mechanisms that restore damaged DNA segments to their original 
state. Discovery of DNA repair in the early l 950's has more or less revolutionized 
present concepts on chromosomal aberration and gene mutation with their im
portant applications in plant and animal breeding. Interest in the modification of 
DNA repair also lies in the increasing exposure of plants to mutagenic systems 
in the environment occurring as industrial wastes, pesticide residues, gaseous pol
lutants and others which could increase spontaneous mutation rates. 

Enhancement of DNA lesions and consequently increased rates of mutation 
reportedly result when the gap-filling proce~ in replicating DNA is inhibited by 
caffeine (Kihlman et al., 1974; Kihlman and Kornborg, 1972) either by competing 
with thymine dimers for excision enzyme (Sideropoulos and Shankcl, 1968), 
interacting with DNA rather than with repair enzymes directly (Witte and Bohme, 
1972), binding with double-stranded DNA bearing short single-stranded regions 
(T'so and Lu, 1962; Dornon and Rauth, 1969) or other related mechanisms. 

A number of factors have been reported to have influenced the enhancing 
action of caffeine on mutagen-treated material although the mechanisms involved 
remain to be described. For instance, lowering the temperature of treatment 
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(Kihhnan et al., 1974) has reportedly decreased the synergistic effects of caffeine 
with various chemical and physical mutagens. The presence of oxygen has been 
found to inhibit the effects of caffeine on the repair process when applied as a post
treatment (Novick, 1956). The frequency of cluomatid aberrations markedly in
creased when barley seeds were post-soake<l in caffeine solution at the Grearly 
prophase stage following radiation treatment (Yamamoto and Yamaguchi, 1969). 

Materials and Methods 

Donnant seeds of sorghum (Sorghum vulgare Pers.) with 2N=20; mungbean 
(Vigna radiata (L.) Wilczek.) , 2N=22; peanut (Arachis hypogea L.) 2N=40; and 
tobacco (Nicotiana tabacum L.), 2N=48, were in,dividually selected for absence of 
defom1ities, unifom1 color and size. They were sto red in a moist dessicator for 
seven days to equalize the seed moisture content to 14% and set in a thin layer 
in plastic envelope for irradiation. Radiation treatment was made at the Garruna 
Cell Facility of the Philippine Atomic Research Center in Dili.man, Quezon City at 
total <loses of 15 to 60 Krads. 

Soon after radiation exposure, the seeds were soaked in 0.10% solution of 
caffeine (1, 3, 7 Trinlethyl 6 xanthine, Nutritional Biochemicals, Cleveland) for 
four hours at a constant temperature of 28°C. Untreated seeds from the same 
sources and seeds soaked only in water or caffeine solution as well as seeds treated 
with gamma radiation were used as control. Some of the seeds were sown on moist 
tissue paper in a petri dish for measurement o f seedling height and the rest of the 
seeds were planted in field rows in a treatment-to-row plan at the Botany Experi
mental Garden for scoring of plants with chimeral leaves at the four to six-leaf 
stage. 

The ripe pods or panicles, as the case may be, were harvested by the row, 
dried at room temperature and after a few weeks of dormancy were sown in nur
sery rows for detennination o f the frequency of M2 seedling mutations. The influ
ence of chromosome number on mutation frequency was determined only at the 
dose of 30 Krads due to the high degree of lethality at the higher radiation doses 
and treatment combinations. 

Results and D~ussion 

M 1 somatic mutation frequency. The frequency of M 1 plants with dtimeral 
leaves after caffeine post-treatment is shown in Table 1. While caffeine post-treat
ment resulted in a marked increase in somatic mutation frequency in the species 
with high chromosome numbers over the radiation control, there was practically 
no increase in mutation rate in the species with low cluomosome numbers. The 
increase in mutation rates in ·the species with high chromosome numbers of 16 and 
17 plants per 100 M 1 plants over the control were higher than those of the species 
with low chromosome numbers by a factor of 4.0 to 8.6. 
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Table 1. Percent increase in frequency of M1 chimera! plants after post-irradiation 
caffeine treatment 

(30Krads) 

Gamma radiation Radiation +Caffeine 

Species Chrom Total Chimeras Total Mutation % 
No. M1 per JOO M1 per 100 increast: 
(2N) plants M1 plants plants M1 plants 

Sorghum 20 398 18.34 267 21.72 21.16 

Mungbean 22 320 21.56 236 25.85 19.90 

Peanut 40 336 8.33 242 25.62 207.56 

Tobacco 48 354 6.77 290 23.10 241.21 

The low mutagenic response of the species with high chromosome numbers 
when post-soaked only in water after radiation treatment probably explains in part 
the very marked increase in frequency of chimera! plants. This radio-tolerance ex
hibited by species with high numbers of chromosomes has been a subject of active 
investigation by earlier workers {Sparrow et al., 1961; Swaminathan, 1961) who 
perceived a protective or "buffering" effect of high chromosome numbers against 
radiation damage. As somatic mutation in mutagen-treated material is essentially 
due to chromosomal deletions (Sparrow, 1961 ), the proportion of chromosomal 
breaks would likely be smaller in species with higher chromosome numbers than in 
those with lower chromosome numbers glven the same radiation dose. 

The data on seedling growth reduction shown in Figure l supports the view 
(Sparrow et al., 1961) that the low mutagenic response of species with high 
diploid numbers of chromosomes is due to radio-tolerance commonly observed in 
this type of material. The 500,{i seedling growth reduction was found at a dose of 
approxim~tely 27 Krads after caffeine post-treatment in species with low chromo
some numbers and about 36 ,Krads in species with hlgh numbers of chromosomes. 
A much higher radiation dosage was required to produce the same effect in species 
with high chromosome numbers than the species with low chromosome numbers. 

At a dose of 30 Krads, seedling growth reduction after post-treatment with 
caffeine caused a lethality increase of only about 8% over the control in species 
with low chromosome numbers and about 19% over the control in the species with 
high chromosome numbers. As seedling growth reduction is highly correlated with 
chromosomal breakage (Conger and Stevenson, 1969), it is assumed that the 
marked increase in somatic mutation frequency in the species with high chromo
some numbers is due to large scale chromosomal breakage. 
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Figure 1. Mean Mt seeding growth reductions in species with low and 
high chromosome numbers. 

Mutagenic effects of caffeine. When used alone, caffeine did ·not cause any effect 
both in the M1 and M2 generations. Trial tests using concentrations lower and 
higher than 0.10%, even when applied alone for long periods of up to 24 hours 
did not cause any effect on present materials. Some slight leaf damage in Mt seed· 
ling from seeds soaked for long periods at temperatures of 32°C - 35°C were 
also observed in the water control. 

Several reports, however, are available indicating that caffeine when used 
alone is an inducer of point mutations and producer of chromosomal breaks 
(Kihlman, 1974; Ostertag and Haake, 1966; Wit.kin, 1958; Novick, l956;Kihlman 
and Levan; 1949; Fries. 1950) in various organisms ranging from bacteriophage, 
bacteria and yeast to plants, Drosophila and mammalian cell cultures. However, 
Glass and Novick (1959) were able to demonstrate that the mutagenic action of 
caffeine requires DNA synthesis, an indication that caffeine is indeed specific for 
DNA (Kihlman, 1974). 

It is not surprising, therefore, that the synergistic effects of caffeine with 
various chemical and physical mutagenic agents has attracted more interest than its 
use alone as a mutagen. Investigators on the potentiating effects of caffeine as a 
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Table 2. Percent increase in frequency of M2 seedling mutations after post-irradiation 
caffeine treatment 

Species 

Sorghum 

Mungbean 

Peanut 

Tobacco 

Chrom. 
No. 
(2N) 

20 

22 

40 

48 

(30 Krads) 

Gamma radiation 

Total Mutation 
M2 per 1000 

seedlings seedlings 

2,256 35.02 

1,095 38.36 

612 17.97 

1,283 14.03 

Radiation + Caffeine 

Total Mutation % 
Mi per 1000 increase 

seedlings seedlings 

1,922 37.98 7.01 

1,338 43.35 13.00 

545 44.04 245.07 

1,004 39.84 183.96 

post-treatment in various organisms (Yamaguchi, 1979; Thacker, 1979; Hartley. 
Asp and Kihlman, 1971; Sideropoulos and Shankel, 1968; Shimada and Takagi, 
1967; Clarke, 1967) agree that the enhancing effect of caffeine as a post-treatment 
results from its inhibitory action on the repair of DNA damage, particularly the 
post-replication repair even in such materials as barley, bean and onion root-tips 
among others. This view on the nature of caffeine action has been supported by 
Chan et al , (1979); Lelunan and Kirk-Bell (1974); Buhl et al., (1972) who showed 
that caffeine indeed inhibits post-replication repair in mutagen-treated material. 
Frequency of M2 seedling mutations_ The frequency of seedling mutations in the 
form of chlorophyll-deficient M2 seedlings was employed to indicate the induction 
of point or gene mutations, a method originally proposed by Gaul (196 I) and 
universally adopted by plant radiation workers. As shown in Table 2, the frequency 
of gene mutations due to radiation alone in species with low chromosome numbers 
was higher than the mutation rates in the species with high chromosome numbers. 
This is probably due to the protective or buffering effect of high chromosome num
bers previously discussed above. Thus, the increase in mutation frequency after 
caffeine post-treatment was markedly higher in the species with high chromosome 
numbers than in the low chromosome grouE although their mutation rates were, 
similar. 

To induce the same effect on the genetic material, a higher dose will likely 
be required in cells with high chromosome numbers than in cells with few chromo
somes (Sparrow et al., 1961). The proportion of lesions in the genetic material 
will most probably be lower in cells with more chromosomes than in cells with 
fewer chromosomes given the same radiation dose. When the repair process is inter
fered with, however, as when mutagen-treated seeds are post-soaked in a solution 
of caffeine, the number of unrepaired lesions in cells with more chromosomes could 
most probably equal the number occurring in cells with low chromosome num-
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bers. If each "open" or unrepaired DNA lesion becomes "fixed" as a point muta
tion (Kihlman et al., 1974; Ahnstrom, 1974), the increase in gene mutation fre
quency in the species with more chromosomes will be higher than in plants with 
fewer chromosomes. 

Chromosome number is probably related to DNA content per cell and both 
have been closely correlated with radiosensitivity (Underbrink et al., 1968) and 
radiation-induced mutation rates (Abrahamson, 1973). Thus the DNA C values for 
the species with 2N=22 and 2N=48 of 0.60 to 2.20 pg and 10.10 to 12.50 pg per 
nucleus, respectively, (Bennett et al., 1982) could be a good index of the induced 
mutation frequency in the four species. The C value of the two other plants in the 
present work were not available. Now in barley seeds, an average of 0.052 break 
is reportedly fonned per 106 daltons of DNA strand per radiation dose of one 
kilorad (Yamaguchi, 1979). The molecular weight of chromosomes in many higher 
plants are probably similar to those of human chromosomes of 32 x 109 to 
160 x 109. If the quantity of possible DNA breaks is derived for each species and 
the percentage of seedling growth reduction is employed to estinrnte the relative 
quantity of unrepaired DNA lesions, a means of quantifying the protective effect 
of high chromosome number would have been found. 

Summary and Conclusion 

The role of chromosome number on the repair-inhibiting action of caffeine 
on DNA lesions was investigated using species with low and high chromosome 
numbers. 

While the species with high chromosome numbers gave a marked increase in 
frequency of M1 somatic mutations after caffeine post-treatment over the radiation 
control, the plants with low chromosome numbers did not respond similarly. 

Likewise, the species with high chromosome numbers gave a marked increase 
in frequency of M2 gene mutations after caffeine post-irradiation treatment over 
the radiation control while the low chromosome number species failed to exhibit 
a similar increase. 

These results indicate the significant influence of chromosome number on the 
action of caffeine. The protective or buffering effect of high chromosome number 
against radiation damage more or less accounts for the low mutagenic response 
of plants with high chromosome numbers. The lower proportion of breaks in the 
genetic material in species with high chromosome number than in plants with low 
numbers of chromosomes probably explains the radio-tolerance observed in species 
with large numbers of chromosomes. 
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Adoracion T. Araiiez, Discu~t 

Changes produced by gamma rays on the DNA may be due to a direct effect 
in the form of molecular changes occurnng in the molecule where the energy has 
been absorbed or indirect effects which are brought about by the chemical reac
tions of free radicals. Effects of ionizing radiation on the DNA of the cell is usually 
secondary, since most of the energy is deposited in the aqueous phase as cells 
contain much water. Highly reactive free radicals are fonned in the radiolysis of 
water (Casarett, 1968). 

The free radicals may convert the bases to a form with different base-pairing 
tendencies as the enol form of thymine and imino form of cytosine; cytosine may 
be converted to uracil (Lim-Sylianco, 1981 ). The free radicals may react with 
thymine producing a thymine free radical and two of such free radicals adjacent to 
each other may produce a dimer. The changes mentioned above may produce point 
mutations. Dimerization of thymine on two different strands produce interchain 
dimerization which may result in incomplete unwinding of the two strands during 
replication. A$ a result, the DNA strands produced are shorter and with deletions. 
Single strand breaks and double chain breaks are also produced by ionizing radia
tion (Casarett, 1968 and Llm-Sylianco, 1981) which may produce chromosomal 
aberrations. 

The extent of charges produced by mutagens depends on the type and amount 
of DNA damage and the amount of repairs done on the affected DNA. 

The potentiation of effects of gamma rays by post-irradiation caffeine treat· 
ment may be due to the effects of caffeine on the repair of DNA damage. The 
repair process affected is probably the post-replicative type rather than the excision 
repair, since plants lack or have very inefficient mechanisms for excision repair 
(K.ihlman et al., 1974). 

The mechanism by which post-irradiation caffeine treatment may increase the 
mutation frequency may be similar to the action of caffeine on ultraviolet induced 
pyrimidine dimers given below. 

Leltmann (1972) mentioned that there are gaps in daughter DNA strands 
when dimer-containing DNA is replicated semiconservatively. These gaps are usually 
filled up by post-replication repair. He presented evidence that in mouse, post-repli
cation repair does not involve recombinational exchanges and that parental DNA 
does not seem to be involved in the gap-filling process. Recombinational models 
have been made to account for a similar gap-filling process observed i:. bacteria. 
According to Lehmann (1972) the gaps in the daughter strands opposite the pyrimi
dine dimers are filled in with newly synthesized DNA. It has been observed that 
caffeine potentiates cell killing and producing of chromosome aberrations if present 
during DNA synthesis period (Lehmann and Kirck-bell, 1974). 

The process of filling up gaps in the <laugher DNA strand may be inhibited by 
caffeine. Lehmann and Kirck-bell (1974) mentioned that methylated xanthines like 
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caffeine specifically inhibit the filling of the gaps in daughter DNA strands opposite 
UV-induced pyrimidine dimers in the parental strand. 

There is an indication that caffeine binds most effectively to double-stranded 
DNA with short single-stranded regions (Kihlman, 1974). Although the inhibition 
produced by caffeine is reversible, the gaps in the daughter DNA strand are sealed 
slowly after caffeine treatment, gaps persist in the DNA for many hours and could 
act as focal points for production of chromosomal aberrations (Lehmann and 
Kirck-bell, 1974) and possibly of point mutations. 

The frequency of M 1 somatic mutations and M2 seedling mutations produced 
by gamma radiation treatment is more in sorghum and mungbean with chromosome 
number of 20 and 22 respectively as compared with peanut and tobacco with 
chromosome number of 40 and 48 respectively. However, in batches given post-irra
diation caffeine treatment, the frequency of M1 somatic and M2 seedling mutations 
did not vary very much among the four plants studied. This is an indication that 
probably peanut and tobacco . have better post-replication repair mechanism than 
sorghum and mungbean and that the post-irradiation caffeine treatment inhibited 
this repair mechanism. It is interesting to note that peanut and tobacco are poly
ploids. 
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ABSTRACT 

A strict version of differential reinforcement of low rates, called pacing, is 
added to a fixed-ratio schedule for the white Carneaux in a Skinner box. The 
experiment answers in the affirmative the question as to whether the bird can esti
mate the size of a ratio independently of the rate at which its pecking behavior is 
reinforced. The time course of its fixed-ratio behavior with pacing tends to 
develop longer pauses after reinforcement until the bird finally gives up respond· 
ing altogether. Under a variable-interval schedule with pacing, the responding 
shows "breakthroughs" from pacing, signifying that the paced behavior gene· 
rates an aversive condition. 

Introduction 

In a previous paper,(8) a technique for the control of the free operant was 
described. By not reinforcing high rates, nor low rates, of responding, one has an 
experimental condition which we may calling pacing, which is a very strict condi
tion for reinforcement because, in effect, too "enthusiastic" responding as well as 
"sluggish" behavior will not be reinforced even if the animal is very highly moti
vated. It was suggested in that paper that perhaps, a pacing requirement such as 
was used in these experiments may generate an aversive condition in the behavior 
of the organism itself, so that when the pacing condition is removed, the rate of 
responding temporarily recovers to an "overshoot " level, a phenomenon suggestive 
of an "exhilarating" release from an aversive contingency imposed by an effortful 
task. 

Since then many experiments<4. 5, 9, 14, 15) have been reported that show the 
effects of an effortful or aversive task on behavior. All of these researches, including 
those published before 1964,0· 2, 3, 6, 7, 10, 11, 12, 13, 16) have shown the depres-
sing or weakening of effortful or aversive contigencies on responding. 

This paper reports on some experiments, which, while they were performed 
to resolve certain problems related to contingencies of reinforcement, are now dealt 
within the context of behavior under aversive conditions. 

191 
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It should be noted that no investigator has so far ever reported on a pacing 
contingency such as the one used in these experiments, which is not a simple dif· 
ferential reinforcement of low rates nor of hlgh rates. 

In order to make this paper self-contained, the following descriptions as to 
basic experimental arrangements are taken from the previous report. 

Apparatus 

Although most of the features of the experimental box. the recorder, and the 
programming apparatus are discussed in more detail elsewhere,(6) these will be 
briefly described here in order to make this account complete in itself. The pacing 
apparatus, however, is not described anywhere else. 

Experimental box. This was a standard Skinner box for pigeons of the type 
being used in the Harvard Psychological Laboratories for the study of operant 
behavior. It was made from a picnic ice-box about 11" x 13" x 20". The insulation 
and titickness of its double walls afforded a considerable amount of sound-proofing 
from outside extraneous sounds. In order to further secure adequate masking of 
unwanted sounds, white noise was constantly delivered inside the experin1ental 
chamber. 

The box was divided into two compartments by a panel. On one side was the 
pigeon chamber and on the other, the food magazine. The bird pecked at a plate of 
translucent plexiglas, which was mounted behind a circular opening in the panel 
about one inch in diameter at about the level of the bird's head when it was 
standing normally. When the bird pecked at th1s plate, a pair of metal contacts were 
separated from each other and a corresponding electrical circuit was broken. A 
relay operated by this circuit was used for programming the experiment and for 
recording. The plexiglas key was always lighted from the magazine side of the 
panel. When a response was reinforced, the key light went off almost simultaneously 
with that response and a light over the food-magazine, which was below the key, 
went on. For the duration of the reinforcement, which was about 3.5 secs., food 
was available and the magazine light was on. After 3.5 secs., food was no longer 
available, and the magazine light went off; at the same time, the light through the 
response key was turned on again. 

A light of moderately low intensity was furnished by a 6-watt bulb in the bird 
compartment during the experiment. At the end of the experiment, this light as 
well as all other lights in the box were turned off, thus leaving the bird in complete 
darkness. 

In one comer of the box was a cup where fresh water was always available. 
In order to minimize grain-hunting behavior during the experiment, the cross

wire grid floor of the pigeon chamber was raised by about l inch from the metal 
bottom of the box. Any grain that might be thrown into this compartment from 
the food magazine was therefore completely out of reach of the bird. 
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Fresh air was constantly kept in circulation inside the experimental chamber 
by means of a motor ventilator. 

The programming apparatus and cumuliitive recorder. The experiments were 
run through a system of switching circuits which arranged for the automatic deli
very of critical stimuli and which , with timers and counters, made the programming 
of reinforcements possible. From the time the bird was put into the box up to the 
end of the experiment, there was no direct contact of any form between the experi
menter and the subject. Responses as well as reinforcements were recorded through 
a cumulative recorder, which gave continuous records throughout the experiment. 

The pacing apparatus. The requirement of contrnl of rate of responding at the 
moment of reinforcement, for which the experimental apparatus must provide, may 
be satisfied by the following conditions: 

(I) Too long an inter-response time is not reinforced: a lower limit for 
rate of responding is imposed; 

(2) Too short an inter-response time is not to be reinforced: an upper 
limit for rate of responding is required; and 

(3) The animal must have emitted just before and at the moment of rein
forcement an arbitrary number of successive responses at a rate the limits of 
which are set by (1) and (2) above. 

The instrumentation of conditions (1) and (2) was achieved by means of two 
vacuum-tube timers each of which set the limits for inter-response times. 

Condition (3) was met by making every pacing response step a counter which 
in turn determines the number of successive pacing responses that must be made 
before a reinforcement is delivered. If a non-pacing response is made before the full 
count is reached, the counter resets back to zero count and the bird has to start all 
over again. 

Isolation of pacing apparatus. Since the pacing response also required that 
there was to be no differential external stimulus control with respect to the rein
forced and non-reinforced regions of the inter-response time spectrum, it was neces
sary to mask all critical sounds from the timers and the counter that had to do 
with marking those regions off. Clicks from the timer and relays connected to it 
were handled by the masking noise inside the experimental chamber .The pacing 
counter which made an unusually loud buzz when it reset for a non-pacing res
ponse or which clicked with some intensity when a successful pacing response was 
made, was set up in another room some distance away from the experimental 
box. 

Subjects 

The subjects for this studies were male White Carneaux pigeons which were 
about one and a half years old at the start of the experiments, and, since the life 
span of these birds is at least 15 years, variation in behavior due to age is ruled out. 
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The weights of the birds were brought down to a little below 80% of their 
ad lib weights by almost completely depriving them of food for about a week. 
About 2 or 3 grams of grain per day were given during this deprivation period, 
which was sufficient to prevent digestive disturbances that usually attend complete 
deprivation. After this, the daily feeding schedule was merely a matter of giving 
them the baJance of the ration that would bring their weights up to the 80% level, 
as described below. 

The birds were tamed before the start of the experiments in order to mini
mize handling effects. 

All birds were trained to eat from the magazine hopper of the experimental 
box and to peck at the key by reinforcing progressive approximations to contact 
of the beak with the response key. 

Control of Other Factors 

The birds were given a daily ration of a grain mixture consisting of about 40% 
vetch, 10% hemp seed, and 50% kaffir com either in the experimental box or in 
their cages in the lofts. Their weight at the start of every experiment was always 
about 80% of the ad lib minus the ration for the day, part or all of which they 
worked for in the experimental chamber. Any unfed portion at the end of the 
experiment which was necessary to bring the weight up to the 80% level was given 
outside in the cages fifteen minutes after the bird was taken out of the box. This 
fifteen-minute delay for non-experimental feeding after the bird was taken out of 
the box was followed just to make sure that a relatively long period of non-res
ponding in the experimental box was never correlated with the termination of the 
experiment and with a reinforcement immediately thereafter. 

The room where the bird was located was lighted and darkened by an auto
matic switching timer which kept the light-dark cycle constant from day to day. 

There were no provisions for the control of humidity. but the temperature, 
though variable, was kept within limits of indoor comfort for the people working 
in the laboratory. The performance of the White Carneaux, however, has been 
shown to be relatively insensitive to wide variations in humidity and temperature 
of the range obtaining at the laboratory. 

Some Other General Problems 

Measurements and replicates. Data were obtained through a cumulative 
recorder which kept continuous records of responding as a function of time for 
the entire experimental session. Derivative data that were- of any special interest 
could be obtained from this cumulative graph. Whenever a figure is given .... 'ith 
respect to a day's performance by a single subject, it will be assumed to be typically 
replicated otherwise, it will be accordingly qualified. 
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Every experiment was run with at least two subjects, with repeated measure
ments taken of the performance over a period of time, usually covering both transi
tional developmental phases and steady states. Occasionally, an experiment was 
repeated on the same subject at some other value of the experimental variable, 
provided that the process under consideration was known to be reversible. 

The results of some part of an experiment were sometimes also replicated in 
the study of other subjects which underwent a similar history for other purposes. 
Consequently, some observations that are reported for any particular experiment 
may apply to more than two subjects_ 

Controls_ The experiments were designed so that each subject was its own 
control. Before any experimental variable was introduced, baselines were usually 
first established by stabilizing the response of the bird over some schedules the 
properties of which were relatively better known. The time required to get such 
a baseline was arbitrarily determined by the nature of the experiment and the time 
course of the performance. The length of the experiment could usually not be 
specified in advance because the deciding criterion was the appearance of certain 
significant changes in the responding which could not be predicted ahead of time. 
Different birds took different tin1es to stabilize or to arrive at important changes 
in their behavior. The choice was to allow each experiment to run its course, as 
against the alternative experimental design in which individual difference with 
respect to time might be emphasized. 

Experiment A 

FIXED-RA TIO SCHEDULE OP REINFORCEMENT 
WITH SLOW PACING 

Problem. A bird that is placed under a fixed-ratio schedule of reinforcement 
invariably shows a development course of responding which progressively increases 
towards faster rates until a terminal value is reached. From there on, the rate is 
stable at that value. Studies of pigeons placed on a mixed schedule of two fixed 
Jatios with widely disparate values, e.g. 50 and 250, indicate that they respond 
as though they were able to estimate or count approximately 50 pecks. Records 
under this schedule show short runs and breaks appropriate to a ratio 250. The 
rates of responding, however, are identical for both schedules and are taken to be at 
the upper limiting value for such ratio performances. 

Of the various factors that may be dealt with in the investigation of this 
apparent ability of the bird to approximate a specified number of ratio responses 
is the prevailing rate of responding at the moment of reinforcement. In the above· 
mentioned studies, the initial rate of the bird, when it starts th~ ratio run, is the 
same as the terminal rate. If we were interested in finding out whether or not the 
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rate at which the bird is reinforced is the cmcial factor. or the only factor, that 
could possibly influence its performance in other portions of the ratio curve, then 
a means must be found to control for the terminal rate - to prevent the so-called 
ratio "end effect" from developing. This can be conveniently provided for by the 
slow pacing of responses at the region of the curve where a reinforcement occur>. 
If the bird still runs at a faster rate than the reinforced rate, then the determining 
factor for this run cannot be the rate at which it is reinforced. 

Procedure. Two of the subjects for this experiment were shaped up to pace 
at limits of l .S and 2.0 secs for three pacing responses. Then the birds were put on 
a tandem schedule consisting of a 1-min. variable-interval schedule with added 
pacing set at the above limiting values. For all practical purposes, these two birds 
may be considered to have had no history of reinforcement of inter-response tin1es 
beyond the above-mentioned Jinlits. After being stabilized on this tandem schedule, 
they were switched to a fixed-ratio schedule with added pacing at the same linlits, 
but with the exception that if a bird did not perform very evenly in respect to the 
total ratio requirement, the number of pacing responses was reduced from three to 
two. This reduction was made in order to control for the size of the ratio from run 
to run, since the requirement of two pacing responses could be met' within much 
less variable limits in some birds than in others. Fortunately, we had to do this with 
only one out of the three subjects reported in this experiment. 

The ratio that was used with the added pacing requirement was calculated in 
the following way : The number of responses for the I-min. variable-interval sche
dule with added pacing was divided by the number of reinforcements occurring for 
the entire experimental period. The resulting figure minus the three paced responses 
was then set as the fi.xed ratio. 

Another bird which had had an extensive history of variable-interval responding 
was added to this experiment. It underwent a shaping up process similar to that of 
the above birds, the only difference being that the latter were controlled for their 
entire experimental history at pacing_ limits of 1.5 and 2.0 secs. 

Results. Figure 1 at (A) shows the initial responding of S-106 on a ftxed ratio 
of 35 with added pacing. The record is read as a cumulative graph where the line 
resets back to the zero point of the ordinate after every reinforcement. The ratio 
counts are relatively constant at this time. This bird never had any history of rein
forcement above or below the specified pacing limits of 1.5 and 2.0 secs. 

Figure 1 at (B) shows the responding of the same bird under identical experi· 
mental conditions two months later. From a relatively slow rate of about 0.6 res
ponses per sec. in Record A, "runs" of about 2 or 3 responses per sec. have 
developed just before reinforcement, as indicated in Record C. These runs are well 
above and beyond that for which the pacing apparatus had ever reinforced the bird. 
The fast runs arc variable in length, but the specified ratio count is pretty well 
approximated by many of these runs, such as in segment x and elsewhere. After 
each run, there is a tapering off to the pacing rate al which the responding is rein
forced. The results for this bird are therefore positive: high rates develop which are 
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Figure 1. Showing various stages in the development of rapid "estimatJon runs under fixed 
ratio of 35 with added slow pacing for a bird without any experimental history of 
reinforcement at fas t rates. {A) Initial fixed -ratio performance with pacing al limits 
1.5" and 2.0". (B) An intermediate stage under the same condition 18 days after 
(A). (C) Under the same conditions 2 months after (A). 

different from any that had prevailed at the moment of re inforcement during 
practically the entire history of the bird with respect to the response key of the 
experimental chamber. 

Compare Records A and C in Figure l and note that pauses are shorter or 
have disappeared where the fast runs have developed. Record B is an intem1ediate 
record and was taken 18 days after A. It shows an earlier stage of the development 
of rapid runs. 

The results for another bird, S-66, which had been previously exposed to a 
variable-interval schedule of reinforcement, are represented in Figure I -X. Record 
A reports an entire experimental session under a fixed-ratio schedule of 40 res
ponses with added pacing at limits I .3 and 1.6 secs. The schedule had just been 
shifted from a 1-min. variable interval with added pacing. Four days afterwards, 
runs of approximately the size of the required ratio arc already in evidence, as 
shown in b and 'c of Record B of Figure 1-X. It should be noted in this record that 
instead of an initial run at a fast rate followed by paced responding. the pigeon 
starts with a pacing rate and then bursts into a fast run at about the completion of 
the ratio count required by the schedule. This is shown in a and d of this same 
Record B (Figure 1-X). As a result , the bird's performance at this point becomes 
incompatible with the pacing condition. The bird executes another run approxi· 
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Figure l-X. Showing the development of fixed-ratio "estimation" runs under moderately slow 
pacing conditions for a bird with an extensive history of variable-interval reinforce
ment. (A) Initial responding at fixed-ratio schedule of 40 witl1 pacing at linlits 1.3" 
and 1.6". (B) 4 days afte.r (A), Note: how the ratio is 'measured" either by a rapid 
run, b and c, or in terms of pacing run, a and d. 

mately equal in magnitude to the required ratio value before it settles down to a 
pacing rate for which it gets reinforced. The absence of pauses after reinforcement 
in Figure 1-X at A should be noted. It is characteristic of birds that have had a 
prolonged history of variable-interval responding that this pause should be absent 
when the pacing condition which is introduced is at moderately slow rate limits. 

S-105 was an exact duplicate of S-106 as to history and control conditions. 
Records of a typical performance are shown in Figure 2: Record A indicates a 
relatively even responding at about 0.6 response per sec. under a fixed ratio of 47 
with added pacing. The bird had just been shifted from a 1-min. variable-interval 
schedule with added pacing. TI1en in succeeding experimental sessions, progres
sively longer pauses after reinforcement developed. Part of the record for the 12th 
day after that of Record A is shown in Figure 2 in B record. Two days after this the 
bird simply ceased to respond to the key: a very important finding ! 

The foregoing procedure was repeated for a fixed ratio value of 35 with 
added pacing and the results were similar: on the 17th day the bird was reinforced 
only 8 times within a period of 5 hours. 

The procedure was again repeated at a much lower ratio of 20 with added 
pacing. As indicated in Figure 2 in record C, the bird was able to sustain its res
ponding. This is a typical record of the sessions on the 7th day and thereafter. 
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Figure 2. The development of very long pauses under a fixed-ratio schedule witl1 slow pacing 
in a bird without any experimental history of reinforcement for rapid responding. 

(A) Initial responding at fixed ratio of 47 with pacing at limits 1.5 'and 2.0" 
(B) 12 days afterwards under the same conditions. ln 2 days more after th.is record, the 

bird ceased to respond completely. 
(C) Recovery at fe<ed ratio of 20. Typical performance for 7th day and afterwards. 

Discussion Pacing at slow rates was used as a method for assessing the role of 
what is happening at the ti.me of reinforcement in relation to rapid runs in ratio 
responding. This method required a controlled history of reinforcement at a speci
fied pacing rate before exposure to a ratio schedule \vi.th added pacing. Whatever 
may be the factors that account for the rapid runs which develop in ratio perfor
mance, this experiment demonstrates that they do not, or need not , include the 
rate at which the bird is reinforced. As indicated in a and d. Figure 1-X at B, how
ever, progress towards the f'txed-ratio value is itself reinforcing. 

As will be seen in Experiment B, rapid runs may also occur on a variahle
interval schedule with pacing whether or not a bird has had a history o f reinforce
ment at rapid rates. Figure 5 and Figure 6 at C illustrate these rapid rntes under 
pacing. The size of these fast runs are highly variable and may occur after a short 
pause or after a pacing rnn. The fast runs in the curves under fixed ratio. however, 
are distinctly of about the ratio count. The bird "estinrntes" the ratio under pacing 
and the vjlriability of the estimate may be of responses occurring at a pacing rate 
rather than in rapid runs. 

Since pacing behavior involves a rather well-defined topo ;T<ophy o f mediating 
response, a given number of pacing responses means a wcll-(l~::t"1ned amount of such 
behavior. As mentioned earlier, the behavior we are speaking of may be regarded as 
a chain the only reinforced portion of which is the peck at the key. A given pacing 
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response which ge ts recorded represents a much greate r amount of behavior under 
pacing than under. fixed-ratio reinforcement without pacing. This chain, therefore, 
is such as to make the ratio a strenuous requirement, possibly equivalent to a large 
ratio without pacing. The relatively longer pauses at the end of the ratio curves in 
this experiment are consistent with this view. However, the restraining factor of 
pacing at the moment of reinforcement may even be the most formidable element 
responsible for these longer pauses, since it prevents the organism from entering 
into a natural gradient in strengthened behavior at the moment of reinforcement, 
i.e. heightened rates of responding. There would in effect be two sources of the 
indisposition to respond after completing the ratio: an augmented effortfulness in 
the perfom1ancc of what amounts to large ratio requirement and the aversiveness 
of the task in being prevented from performing at high rates at the moment of rein
forcement . 

The preceding paragraph applies with special force to the subjects of this ex
periment that had never been reinforced at rapid rates. One of these birds even
tually ceased to respond at a fLxed ratio of 47 with added pacing, though the topo
graphy of the pacing response was intact up to the last reinforced run. 

Experiment B 

V AR1ABLE-INTERV AL SCHEDULE OF 
REINFORCEMENT WITH PA Cl NG 

Problem. The variable-interval schedule, with or without the added pacing 
condition , was used in the previous ex periments as a baseline against which the 
effects of another variable may be assessed. Yariable-intervaJ responding could, 
however, be treated separately in its own right. The object of the following experi
ments was to investigate some of the properties of variable-intervaJ performance 
under pacing conditions at slow rates. 

Procedure. A direct comparison of variable-interval curves, with and without 
pacing, where the performance under both conditions develop approximately con
currently, was made by using multiple-schedule techniques. Each of the two sche
dules was placed under stimulus control: when the bird was on a variable-interval 
without pacing, the response key was illuminated white; when it was on a variable
interval schedule with pacing, the key was red. One-half of the experimental hour 
was under one schedule and the second half, under the other. In order to avoid 
any possible sequence bias in the allocation of the halves o f the experimental 
session, the first half of the hour was assigned to a particular schedule in alternate 
sessions. In the intervening session it was assigned to the other schedule. 

It was necessary to equate the number of reinforcements on the two sche
dules. This is especially inlportant in a multiple schedule where the change from 
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one condition to the other may give an important difference simply because the 
density of reinforcements had changed. When there is not such a relatively rapid 
shift from one schedule to another as in the single-schedule technique which was 
used in the previous experiments, this question may not be of any significance. 

Observations of the prior performance of the birds indicated that by using 
a 2-min. variable-interval schedule without the pacing condition for comparison 
against a I-min. variable-interval schedule with pacing, we could achieve appro· 
ximatcly the same number of reinforcements per unit time. We therefore simply 
ran the motor for the 1-min. variable-interval half as fast as usual in order to get a 
2-min. variable-interval schedule. This procedure had the added advantage that no 
reinforcements in the 2-min. variable-interval schedule without pacing would come 
closer together than twice the shortest interval on the 1-min. variable-interval 
schedule. This made some provision, therefore, for the comparison and interpre
tation of pauses after reinforcement, because in the pacing condition no rein
forcement could possibly occur unless the bird had made at least four responses, 
which necessarily required time. 

Preceding this experiment, two birds had undergone an extensive history of 
variable-interval responding, under pacing conditions and without pacing. The per
fomrnnce of these two birds on the multiple schedule were observed for 18 hours 
and 11 hours respectively, until a clear-cut difference between the two schedules 
could be seen. Then the pacing condition was removed and the birds were allowed 
to run under a 2-min. variable-interval schedule for both red and white keys. 

In a second part of the experiment, no use was made of a 2-min. variable
interval schedule in order to equate for number of reinforcements. The subjects 
were two birds reported in earlier experiments and three others that were used for 
some other experiments. In these cases, the birds were simply put on a 1-min. 
variable-interval schedule, allowed to stabilize, then put on a I-min. variable interval 
with added pacing, and allowed to stabilize again. 

Results. Record A in Figure 3 shows a typical record for one of the subjects 
after 18 hours of exposure to the multiple schedule described above. The fust 
half of this graph shows responding under a I-min. variable-interval schedule with 
pacing, the schedule being under control of a red response key. The bird ran at 
approximately 0.4 response per second with relatively long pauses after reinforce
ment. The second half of this record is for a 2-min. variable-interval under the con
trol of a white key. A rapid rate of about 2.0 responses per second, which is appro
priate to the straight variable-interval schedule, comes out as soon as the color of 
the key is changed to white. The rate then subsides to a lower rate of about 1.3 
responses per second with occasional short runs at approximately the pacing rate, 
as at p and q. The pauses after reinforcement in th is half of the record have almost 
disappeared or, at least , are much shorter than in the earlier pacing condition. 
Figure 3 at B shows the loss of stimulus control with respect to the co]ors of the 
key eight hours after the pacing condition was removed. The Joss was progressive 
over this interval of time. 
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Figure 3. (A) Comparison curves for the 18th hour of a multiple schedule where the two parts 
of the schedule are under stimulus control : red key - I-min. variable interval with 
pacing (limits at 2.0" and 2.5"); white key - 2-min. variabk interval only. (B) Show
ing loss of stimulus control with respect to the key-colors in the multiple schedule on 
the 8th hour after the bird was put on a straight variable-interval schedule on both 
red and white. 

The other bird's performance is indicated in Figure 4. Record A was taken 
11 hours after the multiple schedule was started, and Record B was made 5 hours 
after the pacing was removed. All observations pertinent to the previous subject 
with respect to pauses after reinforcement, rate differences, and the occasional 
appearance o f pacing rates under the non-paci11g stimulus may also be made here. 
Note the runs al the pacing rate in the variable-interval schedule, as in m in Figure 
4 , Record A. and n in Figure 4, Record B. Before the state of the multiple-sche.dule 
in Figures 3 and 4 , Record A, is reached, however, there is a relatively brief and 
occasional appearance o f fast runs immediately after a reinforcement while under 
the pacing condition. This is indicated in Figure 5 in A. After these fast runs, the 
bird paces at a rate of about 0.5 response per second, which is somewhat higher 
than that at the stage where the longer pauses have made their appearance - about 
0.4 response per second. A somewhat weaker version of this same phenomenon is 
seen in the curve for the other bird, as shown in Figure 5 in A. After a relatively 
short pause of about 1 or 2 seconds, there is a brief run of about 5 to 8 responses 
at a fast rate , after which the bird settles down to a pacing rate. This pacing rate is 
about 0.5 response per second and is again higher than that in Figure 3, record 
A, where, after a long pause, the rate is of the order of 0.4 response per second. 
lt is left an open question at this point whether, where the pauses are short under 
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rii:urc 4. A set of cuives for another bird, S-104. under the same experimental treatment as 
that of S-102 in Figure 3. 

the pacing condition, the runs are inductive effects from the variable-interval part 
of the multiple schedule. 

We may now examine the results of the single-schedule technique, where the 
birds were allowed to stabilize on a I -min. variablc-inte1vaJ schedule with added 
pacing. Five subjects used earlier in this study were subjected to this procedure for 
some purpose or other and all gave uniform results at stable states. A typicaJ curve 
is shown in Figure 6, Record B. The rcspon<ling is even, the pauses after reinforce
ment arc quite marked, and the rate is the reinforced pac ing rate. S-102 and S-104, 
which had been exposed previously to va riable-interval contingencies, where there 
was opportunity to develop high rates of responding, show fast runs immediately 
after reinforcement under an added pacing condi tion. Figure 6. Record A. ancl 6. 
Record C show examples o f this kind of run about 5 days after the birds were 
first subjecte<l to the variable-inte rval reinforcement schedule with added pacing. 

These fast runs under a pacing con<lition are not confined to occasions where 
a short pause follows a re inforcement. They may occur while the bird has begun 
slow pacing - "breaking through " the paced responding, as it were. This is shown 
in a and b of Figure 6, Record D, for two different birds. Curiously enough S- 149 
for the curve in Figure 6, Record D, had never had any history of reinfor~·emcnl 

at high rat es prior to this "breaking through''. 
Discussion. Pauses after reinforcement under a •1ariable-interva1 schedule with 

added pacing are markedly longer than those of ti ••. control situation whe re the 
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Figure S. Showing rapid runs after a short pause following reinforcement before going down 
to a pacing rate, for birds under multiple-ichedule procedure. (A) shows this effect 
only occasionally and in weak form. The stronger version is in (B) for that part of 
the curve on the red key. 

Figure 6. Variable-interval curves under slow pacing conditions obtained from different birds 
with the single-schedule technique. (A) and (C) show rapid runs after a short pause 
following reinforcement for S· 102 and S-104, respectively. (B) shows a stable per
formance curve under I-min. variblc-interval schedule with slow pacing. Note the 
longer pauses. (S-149. (D) shows an example of "breaking through" at a fast rate 
from a pacing run (S· l49). 
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pacing is absent. Steps were taken to rule out the possibility that such a difference 
might depend on the number of responses that have to be emitted before reinforce
ment. If, by making only one o r two responses since the last reinforcement, another 
reinforcement occurs, as in the usual variable-interval schedule, then the bird is 
necessarily in a different situation in terms of this number from tha t in the pacing 
condition where the bird has to emit a.t least four responses before reinforcement. 
Since the only difference in the two parts of the multiple schedule was the pacing 
condit ion, the longer pauses in the variable interval with pacing must be due solely 
to this difference. The possibility of color preference is excluded by the fact that 
the birds on a straight variable-interval schedule alternately on red and white keys 
gave the same rates of responding on both colors, with identical characteristics of 
the curves immediately after reinforcement. 

The above findings have its analogues in the preceding experiments on a 
fixed-ratio schedule with pacing, where the pauses are very much longer than those 
which hold for an equivalent straight ratio performance. The result also recalls the 
case of paced fixed-ratio responding at a ratio value of 4 7, where the bird progres
sively developed longer and longer breaks until it ceased to respond. These con
verging Jines of evidence point to the possible aversive character of slow paced
behavior. Since there were no aversive stimuli in the external environment of 
the subject under the pacing condition, the aversive stimulus must have been the 
organism's own behavior. 

The fact that a bird which has had no history of reinforcement at fast rates 
still shows rapid runs, i.e . ' 'breaking through" the pacing, may similarly indicate 
that running at a preferred rate removes the organism from an aversive condition. 
These fast runs under a variable-interval schedule with slow pacing could not have 
been due to what had happened just before and at the moment of reinforcement 
because the rate at the moment of reinforcement was cont rolled at slow rates. 
Neither could it have been the inunediate effect of a reinforcement since the run 
come only either after a short pause or after pacing had been started. Another 
possibility, of course, might lie in the pre-experimental history of the organism. 
But even if this were true, the argument is not in any way diminished under the 
circumstances. 

It is significant that the presence of fa~t runs in fixed ratio with pacing is 
correlated with relatively shorter pauses or absence of pausing. In the variable
interval with pacing, fast runs are also accompanied by shorter pauses after rein
forcement. Where there are no rapid runs the pauses are longer. 

Summary and Conclusions 

(l) The slow pacing technique applied to the study o f fixed-ratio schedules 
shows that rapid rates may occur in fixed-ratio responding although the bird has 
never had any experimental history of reinforcement at such h igh rates. lt is in· 
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ferred that progress towards the fixed ratio value may be reinforcing and leads 
to such rapid rates as are not accounted for in terms of the usual ratio "end effect". 

Furthermore, a relatively accurate estimation of the value of the ratio is 
found to be possible either in executing a slow pacing run or a rapid run. This "esti
mation" behavior of the pigeon in fixed-ratio responding, therefore, does not 
depend upon the rate at which it is running. 

(2) The performance under a variable-interval schedule with slow pacing 
shows: (a) Relatively longer pauses after reinforcement than a control performance 
with no pacing. It was shown that these longer pauses were not due to the absence 
of a quick reinforcement since the last reinforced response. They are, it is sug· 
gested, due to the possible aversive character of slow-pacing behavior. (b) "Breaking 
through" at a rapid rate after a pacing run or, at some brief transitional stage, a 
rapid run after short pause, which are not explained in terms of progress towards 
a count as in the case of the fixed ratio with pacing. 

(3) In both variable-interval and fixed-ratio schedules with pacing, fast runs 
are correlated with shorter pauses after reinforcement or with the absence of 
pauses. When there are no rapid runs after reinforcement, the pauses are relatively 
longer. Again, the possibility that pacing behavior has aversive properties may 
explain this. This also confirms (2) above. 

A BRlEF RETROSPECTIVE ON A FEA TlJRE OF THE 
EXPERIMENTAL RESULTS 

The foregoing experiments, while difficult of execution and instrumentation, 
were rather simple and straightforward in design and in answering some questions 
in the laboratory investigation of contingencies of reinforcement, with special 
reference to what is happening to the organism at the moment of reinforcement. 
The experiments tried to tease out the concept of "ratio end effect" and to throw 
some light on the capacity of the organism to estimate counts without actually 
counting, as part of the general problem of the organism effort at all tin1es to 
maximize the results of its behavior. 

However, there were results that were quite unexpected during the experi
ments, which were not really part of the original project. The most fundamental 
of these was that a slow-pacing contingency, as here defi.ned, had repeatedly 
demonstrated its aversive character: when an animal is prevented running at opti
mum rates under the very strict conditions of pacing, even if the task be as simple 
as executing a ratio of less than 50 responses, the organism will develop a strong 
indisposition to respond. Almost like a profound extinction process seem to be set 
in motion, or that some aversive condition is generated in behavior of th.e animal 
itself such that the organism would rather starve than engage in paced behavior. 

There are suitable analogues to this type of situation in human behavior, such 
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as that of an aspiring writer who has all the elementary skills for turning out a good 
paper but who is kept from achieving a satisfactory output because of a self
imposed criteria of excellence that makes his task extremely difficult. 

There arc all manner of procedures for suppressing, depressing or, in general, 
weakening any given behavior such as electric shock, verbal punishment, making 
tasks more physically effortful, and so forth, but a method that merely requires 
a much higher degree of precision in responding could be just as effective in knock
ing out the behavior. A pacing requirement is something of this method, with the 
added feature that a reinforcement is automatically more and more delayed if the 
individual manifests any behavior that denotes enthusiasm. The gradually lengthen
ing pauses after such small ratios with the pacing requirement reminds us of pro
found extinction effects that go with extremely large ratios that are required for 
reinforcement. 
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F.G. David, Discus.wit 

On the whole, the empirical fmding i.n the two experiments, reported by Dr. 
Lagmay, included the following: A) Added to a stable, fixed ratio (FR) or rein
forcement, wherein the ratio was about 35 responses per one instance of reinforce
ment, a pacing schedule of 1.5·2.0 responses per second induced (a) the disap
pearance of the ratio "end-effect", which is characterized by a rapid increase in the 
rate of responding just immediately before reinforcement, (b) the decrease or dis
appearance of the characteristic pauses just immediately after reinforcement, and 
(c) induced the appearance of "fast runs" or rapid rate of responding, especially at 
intervals where pauses would have occurred or immediately after the periods of 
pacing. B) Added to a high ratio of FR47, the pacing schedule induced the dis
appearance of responding altogether. (Responding was restored only when the ratio 
was reduced to FR-20.) And C) In _a tandem of two concurrent variable interval 
schedules of reinforcement (VI), for which the average interval per instance of 
reinforcement was I .0 minute for one schedule, and 2.0 minutes for the other 
schedule, and in which each of the schedules was under a distinct stimulus control 
- red response-key for the VI-1.0 minute and white for th.e Vl-2.0 minutes -, the 
pacing added to the Vl-1.0 minute induced the appearance of pauses immediately 
after reinforcement and the over-all decrease in the response rate. Complementarily, 
under the VI-2.0 minutes, to which pacing was not added, there appeared a com
pensatory appearance to "fast runs" of responding and an over-all increase in res
ponse rate. 

In consideration of the empirical fmding, Dr. Lagmay raised the thought and 
explication that A) the addition of a pacing schedule provided a test, which 
showed, more obviously, that the experimental animals, or pigeons in the study, 
could "estimate" or "count" ratios or the passage of time; and B) the addition of 
the pacing schedule increased t.he work-demand on the anin1als, so much that the 
response-characteristic, that was requi1ed, was by itself aversive. One particular 
basis for this explication was the cessation of responding of the bird which was put 
under a demanding schedule of a high FR4 7, which was coupled with a pacing 
schedule. 

While the two experiments in the study only dealt with a small sample of five 
pigeons, the empirical finding appeared to be firm enough. Despite all this, one can 
raise certain obvious weakness of an "own-control" experimental design, especially 
pertaining only to a very limited sample. An "own-control" design can not account 
for the variance due to individual differences; more so, if the experimental subjects 
are not looked at as a block and nuisance factor. This objection is not a mere 
matter of one's being bothered about a lack of experimental-design or statistical 
elegance. It is pretty substantive, particularly in respect to contemporary pieces of 
evidence, obtained even in fairly radical "Skinnerian" laboratories, predisposed to 
hold a mechanistic, reductionistic view of reality, physical or behavioral and biolo
gical, that individual difference is significant even among common, experimental 
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animals. In this light, the singular case of the pigeon subject to the FR-47 plus a 
pacing schedule, the case for the explication of effortfulness or aversiveness, might 
just be unique to the bird in question. Of course, this objection is a matter of 
empirical debate, and it can be dealt with, without difficulty, by means of a 
replication of the case with many more pigeons, under similar regiment of experi
mental conditions. 

And concerning the facts of "fast runs", which appeared to be tied up to the 
compensatory release from the pauses and pacing effects, one wonders whether or 
not these kinds of effects can be obtained with any type of responses. May it be that 
this so-called pacing effects are unique to the response of pecking in the bird? May 
it be that the whole matter is a case for so-called species-specific behavior? May it 
be that pecking follows a "tempo", such as that attributed to the effects of the 
related studies of Gilbert. Works by Robert Bolles and by Gilbert on species-specific 
responses and on "tempo" in pigeons' pecking are crucial for consideration, there
fore, of the case for the effects of pacing. 

Rnally, one must note, especially in connection with the second experiment 
by Dr. Lagmay, that response-rate under a tandem of two or more concurrent 
schedules of variable interval has been shown quantitatively to be proportional to 
the rate of reinforcement. Herrnstein, a contemporary of Dr. Lagmay at the Har
vard Laboratory, bas worked on an elegant and well-confirmed quantitative analysis 
of the law of effects. The said law is expressed in a non-formidable equation. The 
point, in connection with the paper now under discussion anyhow, is that the 
effects, obtained in the experiments, need not be looked at as an admirable case for 
the ability of pigeons to "estimate" schedules, as they may be mere mechanical 
matching of probabilities. For, indeed, if the pigeons can "estimate" response re
quirements relative to reinforcement rate, why do they have to emit many res
ponses at a steady rate, under the VI schedule, when all that is required is either a 
single response at the lapse of the average interval or a few responses in accordance 
with the pacing limitation? Maybe the principle of parsimony must be invoked 
here, that the more complex explication of "estimation" is unnecessary, inasmuch 
as the matter can be accounted for in terms of a simpler concept of matching 
probabilities, as well as of "tempo." 
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Introduction 

This paper contains a brief resume of some major results of an on-going study 
designed to assess the sea vegetable potentials of Panay Island with special treat
ment on Caulerpa peltata var. macrodisca. 

111e increasing need to utilize algae for human consumption or industrial 
purposes constitutes the bare justification for a concentration of efforts on surveys 
of resources and in particular, the productivity and quantitive assessment of the 
standing crop. 

To date there has been no attempt to assess the seaweed potential in the 
Philippines. There is a dearth of reports along this line to be used as base-line data 
for future plans to assess the quantity of seaweeds specifically sea vegetables -
important marine resource found in Philippine waters. There are major steps in 
realizing a seaweed potential in the Philippines such as : 

1) To identify the kinds, abundance, and corrunercial values; 
2) To introduce production, with sustained support by government and 

private sectors; 
3) To ut ilize wild crops and to eventually farm certain commercial species 

and to sell the product with go od profit for all; and 
4) To assure a satisfactory life st yle to the farmer producers, whose product 

should continue to be valuable to the end users. 
The desire to implement these steps h<IB been the aim o f an on-going project 

financed by the National Research Council of the Philippines. TI1e present project , 
opted to limit the scope of work as to assess the sea vegetable potentials of Panay 
Island, Central Philippines. 

Methodology 

Started in 1982, the NRCP project research team launched a series of surveys 
and sampling collections conducted in the fou r member-provinces of Par1ay Island 
namely, Aldan, Antique , Capiz and Iloilo . Data gathered show the presence of 
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several edible species of green, brown and red seaweeds otherwise known as sea 
vegetables. Ironically, most of these species are unknown as human food to the 
inhabitants in contrast to their popularity and acceptability as food by the Uoka
nos. Of these, the more noteworthy and popular to the island's inhabitants is 
Caulerpa peltata var. macrodisca, a green alga locally known as "lilba-laba" 
(llongo/Hiligaynon) or "Eaba-eaba" (Aklanon). 

One of the objectives of the project is to culture C peltata var. macrodisca in 
experimental pond - a step towards possible mass production later. 

C pe/tata var. macrodisca used to abound, harvested and marketed locally 
from the Tinagong Dagat, New Washington, Aklan. This sea vegetable, however, 
disappeared mysteriously from the area in the late sixties. The people of New 
Washington attribute the disappearance of "laba-laba" to the wanton use of synthe
tic chemicals to exterminate weeds and predators from bangus and sugpo fish 
ponds. The disappearance coincided with the proliferation of the fishponds along 
the periphery of Tinagong Dagat in the sixties. 

The present supply of "laba-laba" offered for sale in the market comes from 
Iloilo. The specific area or habitat of the sea vegetable was later traced to be the 
municipaJ waters of Estancia, following a series of snorkelling and scuba-divi11g in 
the island. 

Morphological and Ecological Notes 

Morphologically, C. pe/tata var. macrodisca is composed of prostrate creeping 
rhizome-like portion from which small rhizoidal structure arise on the lower side 
and erect branches of complex and variable form arise from the upper side. These 

branches bear peltata or disc-shaped branchlets/ ramuli 10-12-15-mm in diameter, 
irregularly alternate, rarely whorled. 

Wild growths of "laba-Iaba" in Estancia are found at depths ranging from the 
intertidal to 10 meters in areas of low salinity (brackish or estuarine), low pH and 
moderate water movement. Populations found intertidally show that reproductive 
structures are prominent during most part of the year, excepting the summer 
months from March to early June. In summer, pH, salinity and surface water 
temperature are relatively high and these prove to be deterrents to the plant 
growth. Mechanical breakage or injuries inflicted during harvest time cause death 
on that part of the plant. However, new shoots originating from the stolen show no 
marked seasonal periodicity. Large and thick growths of C. pe/tata var. macrodisca 
are noticeable during the cooler months from August until January of the following 
year. 

Observations on wild C peltata var. macrodisca in Estancia, Iloilo suggest that 
growth rates vary with season. Pulling or pruning, two common practices of harvest
ing laba-laba, deprives the plant from regenerating any re-growth. Juvenile recruit
ment from asexually produced reproductive bodies was prin1arily within the one 
meter radius of the parent plant arranged irregularly. 
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M.ari-Culture of C Peltata Var. Macrodisca 

Few edible species under genus Caulerpa reaching the Manila markets come 
from Pangasinan and Cebu provinces. Of the two sources, Cebu appears able to 
supply Caulerpa, mostly C /entill1fera, rather regularly. The source of the Cau/erpa 
comes from the culture ponds in Mactan Island. However, said supply of Caulerpa 
from Cebu will be greatly affected because the culture ponds are on the verge of 
being demolished. The Export Processing Zone Authority (EPZA) based in Mactan 
Island has programmed to establish an industrial complex that will eat up parcels 
of Caulerpa culture ponds in the Island. 

Full implementation of the EPZA plan is anticipated to produce two adverse 
effects. Firstly, it will mark an end to the supply of Caulerpa ; and secondly. it will 
cause socio-economic dislocation among the sea vegetable farmers dependent on 
Caulerpa for their daily sustenance. With the bleak picture of this important sea 
vegetable it was necessary to fish for possible remedies. 

Projections 

This situation paved the way to the timely in1plementation of the present 
NRCP financed project. The project is designed .to survey, explore and inventory 
areas positive to Cau/erpa and other sea vegetables. One area thought of was Panay 
Island found rich in sea vegetables. Of the species collected, C. pelrata var. macro
disca was chosen to be test cultured. The plan is to transport stocks of wild 
C pdtata var. macrodisca to the experimental pond constructed in the vicinity of 
the National Museum Bio-Research Station (NMBRS) located at the coast.al 
Barangay of Jawili, Tanga.lan, Aklan. Ecological parameters such as pH, salinity, 
water temperature will be monitored daily. 

The success of the experimental Caulerpa culture is expected to produce the 
following impacts: 

(1) Re-introduction of Caulerpa pellata var. macrodisca to Tinagong Dagat, 
New Washington. 

(2) Transfer of culture technology to the local farmers. 
(3) Involvement of the local government by converting the project into 

another source of livelihood for the masses. 
(4) Mass-production of C peltata var. macrodisca and selling the product to 

consumers in Manila and other cities. This should augment the produc
ti.on and supply of Caulerpa coming from Mactan Island. 
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Magdalena C. Cantoria, Discu~nt 

Sea vegetables are popular as food among the Docanos and it is surprising to 
learn that many of these plants are unknown in other parts of the country, even to 
people living near the sea. 

Within the last two decades or so, some of these sea vegetables which were 
unknown in other parts of the country, even to people living near the sea. 

Within the last two decades or so, some of these sea vegetables which were 
unknown previously in Manila markets became available. Prior to that time, only 
gulaman dagat from Manila Bay was what was sold. With inlproved transportation 
facilities, it became possible to find such sea vegetables like Caulerpa and Codium in 
the Greater Marilla area and even non-llocanos became familiar with "ar-arosip" and 
"pu-pulo". Dr. Cordero tells us that the caulerpa found in Manila markets comes 
from Pangasinan and Cebu. 

"Laba-laba" or "eaba-eaba", which Dr. Cordero has chosen as test plant, must 
be a delicacy to have become popular in Panay, where sea vegetables are little 
appreciated as food for man. It must be popular enough to warrant its being 
harvested in and marketed from Tinagong Dagat, New Washington, Ak.lan. With the 
disappearance of the plant from this area in the late sixties, the supply of this sea 
vegetable now comes from Iloilo. This means that there is still a local demand for 
the plant, sufficient enough to make it worthwhile to investigate the possibility of 
its being cultivated. 

Should the project of Dr. Cordero yield the expected outputs, it will be 
possible to grow laba-laba on a commercial scale in the Aldan region to meet local 
demands in that region and to augment the supply in the Manila market. 

It appears that once the indigenous culture technology is known and firmly 
established on the basis of the research findings of Dr. Cordero, it will be possible 
to present the cultivation of laba-laba as a KKK project in Aldan. The project can 
be utilized for rural development, with proper government support and supervision. 
A future research program will be directed toward the development of an improved 
technology which will also include other sea vegetables so that, hopefully, the 
Philippines may enter the international market. 

The conversion of long-established food-producing areas to industrial com
plexes is a common occurrence in modem society and this change can not be 
averted. That the caulerpa culture ponds in Mactan Island in Cebu will be ~crificed 
for the expansion of the Export Processing Zone Authority will probably redound 
to the ultimate advantage of the country in terms of helping our economy. Our 
leaders foresee an increase in export products and an increase in job opportunities 
for people in the area. To us biologists, the picture is indeed bleak. We foresee 
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pollution of the bodies of water around the area, including the existing caulerpa 
ponds, and the destructive effects on marine life in the vicinity. Our role is being 
defined in a way for us by Dr. Cordero and this is to find means to grow these 
endangered marine species in some other localities if we cannot protect them in 
their present natural habitat. Dr. Cordero is to be commended for doing his part 
and devoting his expertise to the conservation and development of our sea vegeta
bles, one of our valuable marine resources. 
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A COMPARATIVE STUDY ON THE CAGE CULTURE OF 
TILAPIA NILOTICA AND TILAPIA NILOTICA x 

TILAPIA A UREA HYBRID IN LAGUNA DE BAY* 

Rafael D. Guerrero III 

National Team Leader for Aquaculture, Fisheries Research Division. PCARRD 
Los Banos, Laguna, Philippines 

ABSTRACT 

Fingerlings of purebred Tilapia nilotica and hybrid male T. nilotica x female 
T. aurea were stocked in net cages at 25 /m2 and cultured for 16 weeks, without 
supplemental feeding, in the Los Bailos area of Laguna de Bay from November to 
March. The mean weights, survival rates and sex ratios of the fishes were 
evaluated. Results showed that the hybrid grew faster than the purebred . Survival 
rate and percentage male of the hybrid were also higher than those of the pure
bred. 

Introduction 

The cage culture of tilapia has developed into a major industry in Laguna de 
Bay, the largest lake in the Philippines. In 1981, an estimated 1,000 hectares of 
small pens and cages were devoted to tilapia culture in the Lake (Pullin, 1981). 
The species of tilapia commonly cultured in cages is the Nile tilapia (Ti/apia nilo
tica ). There are reports of stunted fish growth, attributed to inbreeding depression 
in some cage farms {Anon., 1982). 

Bautista et al. (1981) conducted a study on the cage culture of the hybrid 
male T. aurea x female T. nilotica and the reciprocal cross in Laguna de Bay. 
They found the hybrid of male T. nilotica and female T aurea to have grown signi
ficantly faster than the hybrid of the reciprocal cross. The former hybrid was 94% 
male while the latter was 73% male. 

In Central Luzon pond experiments, Abella ( 1982) found the hybrid of male 
T. aurea and female T nilotica superior to the pureli:ne of T ni/otica in terms of 
growth performance. Male percentages of the male T. aurea x female T nilotica 
and male T. nilotica x female T. aurea hybrids were 66% and 80%, respectively. 

This study was conducted at the Los Banos area of Laguna de Bay to com
pare the growth, survival and percentage male of Tilapia nilotica and the male 
T. nilotica x female T aurea hybrid in cages. The study was done from Novem
ber, 1982 to March, 1983. 

*Funded by the Philippine Council for Agriculture and Resources Research and Development, 
NSTA. 
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Table 1. Mean weight, percent survival and percent male of Tilapia nilotica and Tilapia nilotica 
x Tilapia aurea hybrid cultured in cages for 16 weeks. 

Species Mean Wt. (g) %Survival % Male 

Tilapia nilotica 25.4 83 54 

Tilapia ni/otica 
x 30.8 98 66 

Tilapia aurea 

Note: Figures are means of three replicates. 

Materials and Methods 

Six net cages, each with dimensions of 2 x 2 x 2.5 m, suspended from bam
boo rafts were used in the study. Mesh size of the cage net was 6 mm. The net cages 
were covered to prevent fish escape. When installed, the cages were about a meter 
above the lake substratum. 

Fingerlings of T nilotica and the hybrid, with mean weights of 2.0 g and 
2.7 g respectively, were obtained from private hatcheries in Laguna de Bay. Each 
cage was stocked with 100 fingerlin~ (25/m2). Three cages (replicates) were 
stocked with T. ni/otica and the other three with the hybrid. No supplemental feeds 
were given to the fishes. Sampling of fish in each cage was done every two weeks to 
measure mean weights. After 16 weeks of culture, survival rates and sex ratios of 
the fishes were determined. 

Results and Discussion 

The results of the study (Table 1) showed that the hybrid tilapia had better 
growth than T nilotica. Survival rate and percentage male of the hybrid were also 
higher than those of the purebred. 

The superior growth of tilapia hybrids over the parent stocks has been re
ported by several workers. Hickling ( 1968) noted that all-male offspring of female 
T. mossambica and male T. hornorum grew faster than either parent. The growth 
rate of the hybrid female T. mossambica x male T. nilotica was found by Kuo 
(1969) to be better than that of the reciprocal hybrid. Pruginin (1967) reported 
that the all-male hybrid produced by crossing female T. nifotica and male T hor
norum grew 30% faster than T nilotic:a and 40% faster than T. homorum. 

The faster growth of tilapia hybrids over their parent stocks may be partly 
explained by the higher percentage of male in the former. In most tilapia species, 
the male grows faster than the female . This phenomenon is believed to be gene
tically controlled (Fryer and Des, 1972). 
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Figure l . Growth curves of Tilapia nilotica and Til.apia nilotica x Tilapia aurea hybrid cultured 
in cages for 16 weeks. 

The percentage male of the hybrid tested in this study was lower than those 
reported by Bautista et al. (1981) and Abella {I 982). This discrepancy may be due 
to the different T nilo tica strains used. At least two strains of T. nilotica have been 
introduced to the Philippines. These are the Egyptian and Ghanaian strains. Accord· 
ing to Mires (personal communication), the Ghanaian strain gives higher percentages 
of male in hybrid crosses than other strains. It is interesting to note, however, that 
in Philippine tilapia hybridization studies (Bautista et al., 198 1; Abella, 1982) the 
crossing of female T. aurea and male T. nilo tica yields a higher percentage of male 
in the progeny than the reciprocal cross. 

The generally slow growth of the experimental fishes in this study may be 
attributed to the cold season and low productivity of the lake during the fust 10 
weeks {Figure l ). Plankton production is relatively low in Laguna de Bay from 
November to April (Bhent, 1981 ) . The water temperature in the Los Banos area 
ranged from 23.5 to 27 .5°C in November to January. 
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Tereso A. Abella, Discussant 

We have also conducted similar studies on the evaluation of the growth per
formance and survival of different tilapia species/strains at the Freshwater Aquacul
ture Center in ponds and in cages. Most of the results of our studies here have 
shown the superiority of the hybrid over the purebred. This similar fmding with Dr. 
Guerrero's study could be attributed to the hybrid vigor which has resulted to 
increased growth rate of the hybrid over their parents. 

I am suggesting that a similar study be conducted during the warmer months 
of the year because temperature has a significant effect on the primary productivity 
of the lake which somehow have affected the total fish production in the study. 
This follow-up study may also detennine the efficiency of the experimental fish in 
utilizing the predominant species of phytoplankton during this perio<l. 

Although it was observed in the sudy that the hybrid grew faster than the 
purebred it was not statistically reported whether the result was significant or not. 

Antonio M. Bautista, Discussant 

I. Based on the result of the experiment. the bigger experimental fingerlings 
01ybrid) remained bigger from the start until the termination of the study. AJ. 
though the initial difference is only 0.7 g., the hybrid is about 74 per cent larger 
than the purebred. However, it is really very difficult to get experimental animals 
that are uniform in size. Some workers use co-variance to analyze their data to 
avoid bias. 

2. To produce all male hybrids, parent stocks, whether Ghanaian or Egyptian 
strain should be progeny tested. In progeny testing, a series of crosses between 
female 1: nilotica and male T aurea should be made to select those that produce all 
male progenies. Simultaneously, a series of reciprocal crosses are made followed by 
broodstock production and finally multiple spawn to validate the procedure. 

3. As in our experiment on the reciprocal crosses of T aurea and T nilotica 
(1981 ), the higher the number of males the greater was the average weight per fish. 
The same result was obtained in this paper. As we all know, the males reached 
as high as twice the size of the female. 

4. The growth rate and survival are influenced by two factors, the environ
ment and genetic make of the fish. Slow growt~ rate and reduced percentage of 
survival could be attributed to the inbreeding depression. 
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SOURCE OF LIQUID FUEL 

Julian A. Banzon 
Emeritus Professor of' Food Science and Technology 

University of the Philippines at Los Baiios 
Laguna. Philippines 

ABSTRACT 

Diesel fuel demand in billion nuts equivalent is D=24 + 1.13t; coconut 
supply increase over present, is S=0.323 Nt (N =No. of nuts increase/palm-year). 
For N=l 2, equality of S=D is calculated to be achieved in 8.7 years and will hold 
for 1 O years. If aim is only to taJce care of annual increase in demand (1.13 billion 
nuts). then only N=3.5 is needed. To meet one-half diesel fuel demand, 
D=l 2+0.565t; S=D in 16.5 years wpen N=4. Equality S=D can be maintained for 
42 years. 

Introduction 

It has been repeatedly demonstrated that coconut oil is a satisfactory diesel 
substitute (2). 

This study seeks to determine, how much reliance can be placed on the 
supply of coconut oil as a replacement of diesel fuel. The Philippines in a normal 
year has a crop of about 12 billion nuts gathered from 323 million bearing coconut 
pahns. (7) The possibility that the crop can match a growing fuel demand without 
increasing the number of pahns, and without touching the present crop is based on 
the demonstrated performance of palms to yield over 150 nuts/palm-year, ( 4 ,8) in 
contrast to present average of only about 40. With such a fourfold performance, 
there is reason to expect much from the coconut as a liquid motor fuel supply. 
It must be recognized , however, that there are certain limitations. The palm pro
duces nuts in bunches, about 12 in a year; the number of nuts in a bunch has an 
observed limit, generaUy about 15 ( 180 nuts/palm-year). 

111e diesel fuel demand. One estimate of the national diesel fuel demand was 
18.2 million barrels (1981) (5) and with a growth rate of about 1.0 million barrels 
per year. Since coconut oil from one nut (0.147 kg) has an energy of 5.56MJ (1) 
and one bbl is equivalent to 6275 MJ (1.5 million Kcal) (3.6) hence, 

I bbl = 1130 coconuts 

By the year 1984, the diesel fuel demand therefore would be D=l 130 (21.2 + l .Ot) 
in million nuts and where t is in years or 

D = 24 + l.13t in billion nuts 

Meeting the full diesel fuel demand. If the present coconut palms (323 
million) are to supply fuel in addition to normal usage, then the yield of nuts must 
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Table 1. Relation of nut increase N, to time in years when supply equal demand. 

N, nuts/year 

.t, years 

Nt+40 

12 

8.7 

145 

10 

11.4 

154 

8 

16.5 

172 

7 

21.2 

18& 

6 

29.7 
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be increased correspondingly. The increase, above the present 12 billion nuts 
harvest, would be given by the fuel supply equation: 

S = 0.323 x Nt in billion nuts 
N = increase in no. of nuts per palm per year 
t = time in years. 

The diesel fuel demand estimate (starting in J 984) as given earlier is 0=24 + 1.131 
in billion nuts. For supply to overtake demand, S should equal D and hence: 

0.323 Nt = 24 + 1.l 3t 

and t = ---24-~
(0.323 N - 1.13) 

(Equation 1) 

Values of N must now be supplied and can range only from 1.0 to 12, i.e. the nut 
bunch size (12 bunches a year) has been observed to normally not exceed 15, and 
present bunch size is already about 3. 

Supposing now, that by intensive R and D, we will be able to increase the 
number of nuts per bunch by just one nut and therefore N=I 2 n11ts/palm-year. 

Solving fort= 8.74 years. 

Coconut supply can equal coconuts needed for diesel fuel demand in 8.74 
years if nut yield can be increased from present 40 nuts/palm-year, by 12 nuts per 
palm per year for 8.74 years. The size of increase is quite large and is probably 
unattainable. Smaller increments in nut yield should therefore be considered, i.e. 
values b N smaller than 12. Table 1, summarizes results of calculations fort when 
N is made to vary from J .0 to 12, in Equation 1. Note that if R and D can increase 
nut yield by 8 nuts/palm-year, supply can meet diesel fuel demand in 16.5 years. 

Limit of coconut productivity. The present bearing coconut palms appear to 
yield normally, a maximum of 15 nuts/bunch or 180 nuts/ palm-year. Since current 
yield is already 40 nuts/palm-year, any nut increase can be no more than 140 nuts/ 
palm-year or Nt + 40 cannot be larger than 180. In table 1, it is seen that when 
N = 7 (or smaller) Nt + 40 is larger than 180 and thus the natural limit will be 
exceeded. (figure 1 ). 

In figure I, the demand line D=24 + 1.l 3t intersects the limit of supply line 
S = 0.323 {180-40) at t=l 8.7 years. Beyond 18.7 years, demand outstrips supply 
permanently (if the 180 nut limit holds true). 
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Figure 1. A projection of diesel fuel demand D and coconut supply S from 0.323 billion palms 

which are to increase nut yie ld by l 2 nuts/palm-year. 

Meeting a fraction of the diesel fuel demand. Instead of trying to meet the 
full diesel fuel demand, it may be more realistic to survey for possibility of satis
fying only a fraction of this fuel demand, say 3/4, or 1/2 or 1/4. Calculations fort 
may then be made for varying assigned values of N. The working equations are: 

for 1/4 demand, D 1/4 = 6 + 0.2825 t = 0.323 Nt 
1/2 demand, D 1/2 = 12 + 0.565 t = 0.323 Nt 
3/4 demand, D 3/4 = 18 + 0.8475 t = 0.323 Nt 

The calculated values of t are given in table 2. It is in this table that for N=4, the 
coconut palms will be able to satisfy one-half of diesel fuel demand in 16.5 years, 
effective for 58.7 - 16.5 = 42 years. (figure 2) An increase of onl y 2 units/palm
year (N=2) will be enough to raise enough coconuts to meet 1/4 d iesel fuel de
mand in 16.8 years and will hold good for 138 - 16.8 = 121 years. While the pre
mises in this study may not hold true m the distant future , especially the projection 
on fuel demand, it is nevertheless shown that if given adequate Rand D, our coconut 
forests can very well fill a good fraction of our diesel fuel needs. 

How long can coconut supply maintain equality with demand? While full 
diesel fuel demand increases by 1.13 billion nuts a year, (assuming linear increase), 
the coconut supply is limited to a maximum of 180 nuts/palm-year, and from this 
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Table 2. Number of years for coconut supply to equal diesel fuel demand for full, 3/4, 1/2 and 
1/4 of the demand. 

N 

12 
10 

8 
6 
5 
4 
3 
2 

D(l) 

8.7 
11.4 
16.5 
29.7 
49.5 
148 

D(3/4) 

VALUESOFt 

5.9 
7.6 

10.4 
16.5 
23.4 
40.5 

1.323 Nt = 12 + 0.565t since N-=10, t=4.5 

0(1/2) 

3.6 
4.51 
5.9 
8.7 

11.4 
16.5 

D(l/4) 

3.6 
4.5 
6.0 
8.8 

16.8 
182 

must be subtracted 40 nuts/palm-year (devoted to current uses). The limit of 
supply for fuel use is therefore: 

0.323 (180-40) = 45.2 billion nuts 

and therefore 24 + l.13t - 45.2, t = 18.7. Hence, coconut supply will no longer be 
able to meet fully the fuel demand, beyond 18.7 years. This is shown graphically in 
figure I. (The supply demand situation for one-half diesel fuel demand is <lescribed 
in figure 2). 

Meeting the annual diesel fuel increase. An alternative to trying to satisfy the 
diesel fuel demand, is to fulfill only the annual fuel increas~, which amounts to 
1.13 billion nuts. Since the limit of nut production is here set at 45 .2 billion nuts, 
therefore: 

1.13t = 45.2 and t = 40 years 

Also the rate of increase in the demand should be equal to the rate of increase of 
the supply and hence: 

1.13 = 0.323 N and N = 3.50 

Therefore, if by Rand D, we can increase nut production by 3.5 nuts/palm-year, 
our coconut plantations of 323 million bearing palms can take care of the annual 
diesel fuel increase for 40 years. Graphically this is shown in figure 1. (and in 
figure 2, in the case of half diesel fuel demand). 

Summary 

The coconut can be a major source of diesel fuel substitute in the Philippines 
if R and D for increased coconut production is instituted very soon. The basis of 
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Figure 2. A projection of one-half diesel fuel (D1h) and coconut supply S from 0.323 billion 
palms which are to increase nut yield by 4 nuts/palm-year. 

this claim is the demonstrated ability of well-cared palms to increase production 
from the current average of 40 nuts/palm-year to 180 nuts/palm year. Only the 
increase will be used for diesel fuel; the present crop size will continue to be avail
able for domestic and export purposes. 
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Juan Quesada, Jr., Discussant 

One can think up any number of arguments why Dr. Banzon's vision of a 
world that runs on engines powered by coconut oil is flawed. 

One, coconut oil isn't just as yet cost-competitive with diesel fuel. It wasn't 
competitive when the price of crude in the spot market was $40 a barrel, and cer· 
tainly not now when there is a glut of petroleum and the price is down to some
thing like $29/bbl. 

Two, coconut oil is one of our prime generators of foreign exchange, so any 
increase in coconut oil production must go abroad to earn dollars - or so runs 
official thin.king in a country that is chronically starved of dollars. 

Three, there is the issue of food versus fuel, and coconut oil as fuel is bound 
to lose out to coconut oil as food. 

Four, is it realistic to say that we can double or treble the yield of our coco
nut farms? To talk of increased farm productivity is to talk of (1) sound farm 
management practices to be implemented by - who else? - the poor, semi-literate 
and exploited farmer or tenant; (2) motivating the absentee landlord to invest in 
material inputs (fertilizer, irrigation water, pesticide, etc.) and labor inputs; and 
(3) government policy reforms, which must consider fiscal and financial incentives, 
removal of structural defects that foster the backwardness of the coconut industry, 
and the like. All of which is tantamount to asking for the moon. 

But in the end Dr. Banzon is correct. 
We, who have been brought up on break-even point analysis, cost-benefit 

approaches, and bottom-line thinking, can ratiocinate no more o r no less. 
Sooner or later the world will run out of oil, but long before that time any 

political disturbance in the Persian Gulf may cut off our entire oil supply line 
from the Middle East. We get three-quarters o f our crude requirements from four 
Arab countries. This overdependence on a few sources is anything but healthy. 
Our best fallback position is that which we have full control of. Against the day 
that our filling stations begin to dry up, we should make adequate, painstaking 
prepara tions. Increasing dramatically the yield of our coconut farms is not an over
night, or year·long, undertaking. It will take years and years and plenty of re
sources to reach Dr. Banzon's most modest targets. 

This means long-term planning, judicious allocation of our resources, a 
drastic restructuring of the social o rganization that has impeded the progress of the 
coconut industry. 

The coconut tree can provide foo d, fuel and fiber - and many more besides. 
And Dr. Banzon has been showing the way toward fuller industrial utilization of 
the coconut in his researches, papers and lectures. It can provide the building block 
for new industries - from organic chemicals to synthetic fibers and plastic consti· 
tuents. 

The t rouble is that the coconut is too common, there's nothing new or novel 
about it, and it's too near to us to be appreciated. The fault lies not with the coco
nut but our vision. 
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ESSENTIAL OIL OF DIPTEROCARPUS GRANDJFLORUS BLANCO: 
CHEMISTRY AND POSSIBLE SOURCE OF ENERGY* 

Luz 0. Belardo, Brian M. Lawrence,1 Armando Coronel and Maria Fe Mata 
Philippine Women 's University, Manila, Philippines 

Introduction 

The genus Dipterocarpus is of interest commercially because gurjun balsam oil 
is obtained from one or more of the following species: Dipterocarpus jourdainii 
Pierre; Dipterocarpus tuberculatus Roxb.; Dipterocarpus costalus Roxb.; Diptero
carpus intricatus Dyer; and Dipterocarpus turbinatus Gaertn. D. tuberculatus is the 
most common source of the oil. 

The subject of this present study is Dipterocarpus grandiflorus Blanco. This 
tree, which is known locally in the Philippines as apitong, is reputed to be the most 
abundant (ca. 20%) in the commercial Philippine forests (1), Figure 1. The resin of 
D. grandiflorus is known locally as balau. Until now, no extensive commercial use 
for the oil of D. grandiflorus has been found. There is, however, some local use of 
balau oleoresin as an illuminant, for varnishing, and caulking boats. The wood of D. 
grandiflorus is moderately hard so it has found some use in construction and in the 
manufacture of medium grade furniture (2). 

The object of this current study is to identify the chemical composition of the 
essential oil which was obtained from the water distillation of the oleoresin of D. 
grandijlorus Blanco. In addition, the use of the oil as a source of energy will be 
examined. The origin of the oleoresin in this study was from the wild trees found in 
the deep forests of the province of Leyte in the Philippines. 

The oil was extracted by water distillation, the distillation method that was 
found to give the highest yield of oil from the oleoresin:-3840% from the freshly 
collected oleoresin. It possessed a similar aroma to gurjun balsam. The color was 
light yellow, turning a bit dark on standing. It was insoluble in water, very soluble 
in common organic solvents except ethyl alcohol, very miscible with gasoline, 
kerosene, and diesel oil. Some physical and chemical constants of the oil were 
detennined and are shown in Table 1. The oil was subjected to analysis using 
procedures that have been described in detail elsewhere (3), (4). 

Chemical Composition of the Oil 

As an initial infrared spectra of the oil of D. grandiflorus Blanco indicated 
that it was mainly sesquiterpene hydrocarbon in nature, the oil was first separated 
into oxygenated constituents (I%) and hydrocarbons (99%) by chromatographing 
it over A 12 0 3 (Activity II). The hydrocarbon fraction was then concentrated to 

lRJR Technical Co., Avoca Division, Winston-Salem, NC., USA 
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Figure I. Dipterocarp11s grandij1orus Blanco (actually 40 meters high) 
with coconut trees in the foreground. 

1.5 Gm. and this was re-chromatographed over 115 Gm. of I 5% AgN0 3 / A 12 0 3 
using gradient elution (hexane-diethyl ether-methanol). Individual fractions were con
centrated on a water bath and subjected to preparative gas chromatography on a 
l 2ft. x 0.25 in. column, packed with 10% Carbowax 20M coated on 60-80 mesh 
neutral and silanized Chromosorb W. All components were characterized by care
fully comparing their infrared spectra with standard infrared spectra in one of the 
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Table 1. Physical and Otemical Constants of the Essential Oil of 
Dipterocarpus Grandijlorus Blanco 

30 
Specific gravity, d

30 
0.9228 

. . 30 
Refractive mdex, n0 1-4930 

Congealing point - 3°C 

Acid value 0.7819 

Saponifl.cation value 16.35 

Ester value 15.5681 

Iodine value 20-0.45 

Table 2. Constitutents Previously Identified in Dipterocarpus Resin Oils 

a - Gurjunene 'Y - Gurjunene 

(J - Gurjene (Calarene or A 1• lO - Aristolene) 

Caryophyllene a: - Humulcne 

(J - Elemene Allo-Aromadendrene 

VaJencene Cyperene 

Farnesene Capaene 
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author's (BML) spectral library and with previously published spectra. In addition , 
the whole oil was subjected to a GC-MS analysis. The results obtained from this 
analysis confirmed the findings of the analysis described above. Because of the 
quantities involved, only the hydrocarbon fraction was examined. 

A survey of the literature reveals that a number of hydrocarbons have already 
been isolated from oils of Dipterocarpus species by Bisset et al. (5) . A list of these 
constituents can be seen in Table 2. They also reported that two Dipterocarpus 
balsam oils of Philippine origin have been found to contain mainly sesquiterpene 
hydrocarbons, shown in Table 3. These same authors also compared the composi
tion of the Philippine oil of Dipterocarpus grandif/orus Blanco with two further oils 
of Sabah origin. These results along with our fmdings can be seen in Table 4. As can 
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Table 3. Comparative Chemical Composition of Philippine Dipterocarpus Oils 

D. granicilis Bl.: (j - Caryophyllene (75%) & or - Humulene (25%) 

D. grandiflorus Blanco: ci - Gurjunene (20%), Allo-Aromandendrcne (50%) 

Caryophyllene (4%) & ci - Humulene (20%) 

Acc. to Bisset (1966) 

be seen, the composition of our oil is very similar to the previously published 
infonnation with the exception that we have identified copaene, ~-elemene, genna· 
crene D, and 1-gurjunene in the oil of D. grand~(lorus for the first time. The gas 
cluomatogram of the oil is shown in Figure 2. 

Preliminary Energy-Related Experiments 

In the present age when the cost of petroleum-based fuels is continually on the 
rise, there has been a frantic search for substitutes for these fuels. A source of 
substitutes that has been in focus for the last couple of years is lhe plant kingdom. 
It has fascinated the scientists, agronomists, and industrialists because certain plants 
not only serve as an alternative source of energy but also ensure the renewable and, 
therefore, inexhaustible supply of that source. 

A plant that caught our interest is Dipterocarpus grandijlorus Blanco the 
oleoresin of which might be a possible source of energy. In the Philippine hinter
lands, the oleoresin is extensively used for Hghting purposes. It is tightly packed at 
the end of a handy bamboo pole, ignited and used in the form of a torch (6). This 
observation was suggestive of the presence of easily combustible components in the 
oleoresin and gave us the notion that it might be worth examining its essential oil to 
find out if this oil or its constituents could serve as liquid fuels. 

Among the properties that are sought for in liquid fuels, the following take 
precedence: 

a. Specific gravity. A lighter fuel will have a smaller growth of penetration in 
the air charge but will have greater dispersion and wider cone angle. These parame
ters will determine the degree of efficiency of combustion of the fuel. 

b. Distilling range. Most fuels are not pure compounds but a mixture of a 
large number of components, each having its own different boiling point. Hence, a 
fuel may start to boil at a low temperature, the lower boiling components gradually 
boiling away, but the temperature must be raised to keep the higher boiling compo
nents .in the vapor state. For services involving rapidly fluctuating loads and speeds 
the more volatile fuels may provide better performance. However, best fuel econo
my is generally achieved from heavier types of fuels because of their higher heat 
content. 
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Table 4. Comparative Chemical Composition of the Oil of Dipterocarpus Grandiflorus Blanco 

Compound 

Copaene 

°' - Gurjunene 

fJ - Gurjunene 

fJ - Elemene 

Caryophyllene 

Ailo-Aromadendrene 

er - Humulene 

Germacrene D 

")' - Gurjunene 

•Acc. to Bisset (1966) 

2 Sabah Oils'* 

3 - 10 

0 - 10 

? -- Trace 

80 - 95 

? - Trace 

Percentage Composition 
Philippine Oil'" 

20 

4 

50 

20 

Our Results 

0.14 

6 .28 

0.34 

1.83 

77.85 

2.58 

0.67 

0.43 

c. Percent volatility or evaporation rate. Generally, in higher-speed engines, 
the lower the volatility, the better, since too volatile a fuel is liable to cause 
detonation and give rise to gassing or vaporlock problems in the fuel injection 
system. On the other hand, if volatility is too low a further delay period will be 
introduced because of the greater time taken to form a gas envelope on the outside 
of the sprayed droplets. 

d. Flammability. The basic reaction involved in fuel burning is the chemical 
union of oxygen in the combustion air with the major fuel elements, carbon and 
hydrogen. When sufficient air is present, the combustion liberates large quantities 
of heat. Thus, fuels are hazards when subjected to ignition in locations other than 
the engine combustion. 

e. Viscosity. Viscosity is an important characteristic in a diesel fuel since it 
affects the power to operate the pump. It has also an influence on the size of the 
fuel particles sprayed through the injection nozzle. 

f. Rash point. Flash point is defined as the temperature at which vapors 
arising from the oil sample will ignite momentarily, or flash , on the application of a 
flame under specified conditions. The lower the flash point of a fuel the greater the 
danger of explosion and fires resulting from the ignition of the lower boiling com
ponents. Hence, the flash point is significant in detennining the volatility of a 
combustible liquid. It can also estimate the temperature at which a fuel can be 
safely stored. 
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DIPTEROCARPUS GRANOIFLORUS 

Figure 2. Gas chromatogram of the essential oil of Diptercarpus grandiflorns Blanco. 

g. Co"osion. This is measured by the amount of discoloration on a mecha
nically cleaned strip of copper sheet when a strip of copper sheet is immersed in the 
fuel sample and heated under specified conditions. This will indicate if sulfur is 
present in a fuel. The formation of sulfur compounds during combustion can result 
in service corrosion of engine parts. Also, the presence of free water iii the fuel is 
generally considered conducive to corrosion particularly of the ferrous parts of the 
engine. 

h. Heating value. The heat of combustion is important as an indication of the 
amount of potential energy present in the fuel. It is of interest in determining the 
engine performance with regard to specific fu el consumption. This is measured in a 
bomb calorimeter and is expressed either in calorics per gram Cal/Gm. or in 
British Thermal Unit per pound (BTU/lb). 

For purpose of comparison, the oil of D. grandiflorus, kerosene, and a sample 
of commercial crude oil were examined for the afore-mentioned criteria. The results 
indicated that the value for D. grandiflorus oil compared favorably with most of the 
typical values for kerosene and the crude oil. The comparison is shown in Table 5. 

Comparative Energy Contents 

The energy content of the essential oil of D. grandiflorus was measured in a 
Parr adiabatic automatic calorimeter. Average of the results obtained was compared 
with the heating values recorded in literature for a number of crude oils abroad (7). 
It showed that while the heating value of D. grandiflorus oil was a bit below those 
of Texas, Oklahoma, Pennsylvania, and Wyoming crude oils, it was higher than the 
crude oils of Kansas, Mexico, and California, as can be seen in Table"6. 
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Table 5. Comparative Properties of Oil of D. Grandiflorus Blanco, Crude Petroleum 
Oil, and Kerosene 

Oil of 
Crude Oil Kerosene 

D. grandiflorus 

Distilling range 175-261°C 120.{)00°C 175-275°C 

Percent volatility 19.0 17.93 99.8 

Flammability (seconds) 1.5 cc. 47.6 45 

Viscosity 4 1.3 2.4 

Flash Point ll0°C 66°C 42°C 

Corrosion (Cu strip) No. 1 No. 1 

Heating Value Cal/Gm. 10,640 10,628 J l .006 

Table 6. Comparative Energy Contents 

Fuel 
Cal/Gm. (Crude Oil) 

Mexico 10,419 

<:.alifo r nia 10,506 

Kansas 10,628 

D. GRANDIFLORUS 10,640 

Texas 10,811 

Oklahoma 10,834 

Pennsylvania 10,836 

Wyoming 10,839 

Fractionation of the Oil 

BTU/ lb. 

18,755 

18,910 

19,130 

19,148.4 

19,460 

19,502 

19,505 

19,510 
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In order to have an idea which portion(s) of the essential oil of Dipterocarpus 
grandijlorus Blanco. would be of practical importance with respect to the percent
age in which it is available and the heat of combustion it can generate, the oil was 
fractionally distilled under a reduced pressure of 67 nun. There were five fractions 
obtained, as shown in Table 7, all of which were mixtures as indicated by gas 
chromatography. Three of the fractions gave heating values that were higher than 
that of the whole oil. Since the oil is predominantly sesquiterpene in nature, it was 
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Table 7. Fractionation of the Essential Oil of D. Grandi/Torus Blanco 

Fraction 
Volume Distilling 

Percent 
Pressure 

Cal. /Gnt BTU/ lb. 
(ml.) range ° C (mm. Jig) 

I 10.8 122-144 10.8% 67 10,774 19,393 

2 5.0 148-168 5.0% 67 10,347 1.8,624.6 

3 1 7.4 170-180 17.4% 67 10,796 19,432.8 

4 I 9.3 182-186 19.3% 67 10,322 18,579.6 

5 27.0 187-190 27.0% 67 10,723 19,301 

Residue 12.0 

Total 91.5 

Whole Oil .. . 10,640 19,148.4 

likely that the high energy fractions contained the C 15 H24 hydrocarbons. This 
formula is within the range of the molecular weights of the components comprising 
the hydrocarbons in the diesel fuel. 

Blends With Diesel Oil 

The essential oil of D. grandifloms was found to blend thoroughly with diesel 
oil. For the purpose of exploring whether or not the oil can be used as supple
mental to diesel oil , mixtures were prepared using varying proportions of the oil 
and diesel oil. The mixtures were used in preliminary tests with diesel engine. 
However, on account of the large volumes of blends that the engine perfonnance 
tests require, this phase of our study, although ongoing and encouraging, has not 
yet proceeded far enough to warrant conclusive results. 

Summary 

The essential oil that was obtained by water distillation of the oleoresin of 
Dipterocarpus grandiflorus Blanco from Leyte province, Philippines, was found to 
contain J % oxygenated fraction and 99% hydrocarbons, the latter mainly sesquiter
pene in nature. 

Aside from the sesquiterpenes that were reported by previous workers on the 
chemistry of Philippine D. grandiflorus, we have identified copaene, jJ-elemene, 
germacrene D, and 1 -gurjunene in the essential oil of D. grandiflorus for the first 
time. 

There were indications that the essential oil of D. grandiflorns might be used 
as a source of energy. The properties of the oil compared favorably with most of 
the typical values for kerosene and a commercial crude oil. The energy content, 
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expressed in Cal./Gm., while a bit below those of crude oils from fou r states of 
USA, was higher than those of crude oils from three other places abroad. Fractiona
tion of the oil gave 5 frac tions which were mixtures. Three of the fractions gave 
heating values higher than that of the whole oil . The oil blended completely with 
diesel oil. Engine performance tests using blends containing varying proportions of 
our oil and diesel oil are in progress. 

Considering that the yield of oil from the oleoresin is 3840%, and taking into 
account West's observation (8) that one tree produces I Kg. of oleoresin per day, or 
the equivalent of 400 cc. of oil obtainable from one tree a day, one is tempted to 
speculate that D. grandiflorus Blanco would be a promising natural source to tap 
for liquid fuel. In addition, this source has the advantage of surviving for a long 
period of time and continues its resin-producing function indefmitely. 
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Magdalena C. Cantoria, ~t 

Many of the dipterocarps are large trees that are familiar to us as sources of 
lumber. Oleoresins are characteristic of the family. Some genera belonging to the 
family which have attracted the attention of plant chemists are Dipterocarpus, Sho
rea, Dryobalanops, and Hopea. Products include gurjun balsam from Dipterocarpus 
turbinatus; varnish resins from species of Shorea, Hopea, and Dryobalanops; and 
edible fat, which can be used instead of cocoa butter in chocolate manufacture, 
from the nuts of Shorea macmphylla; and Borneo camphor from Dryobalanops 
aromatica. It is interesting to note that some of our own dipterocarps have become 
the objects of investigation for their volatile oil content. 

Dr. Norman G. Bisset, now at. the Chelsea College, London, Department of 
Phannacy, visited our country and other Asian countries in the 60's and eventually 
published the results on the investigation by his group of the volatile oils of some 
species of Dipterocarpus and their isolation and identification of several hydrocar
bons. It may be gathered from the paper of Dr. Belardo that this work of his group 
provided the background for their own investigation of apitong. Now, 17 years 
later, Dr. Belardo and her co-workers have added four hydrocarbons to the list 
identified by Dr. Bisset ai1d his group. This is a distinct contribution to basic 
science. 

Dr. Belardo and her co-workers have extended their basic research studies 
into the properties of the volatile oil of apitong relevant to its utilization as an 
energy source as suggested by the presence of a large fraction of hydrocarbons in 
the oil. Their results show that the properties of the oil are comparable to those of 
kerosene and a commercial crude oil. Its energy content of 10,640 cal/g is aJso 
comparable to that of other crude oils of Americai1 origin which range from l 0,419 
to l 0 ,839 cal/g. 

The work of Dr. Belardo and her group now indicates !\tudies on the physio
logy of the plant. Research problems that come readily to mind are the following: 

I. Occurrence and distribution of the plant in the country - A proper survey 
will reveal the natural habitat of the plant and this will serve as a guide to the best 
areas where it may be grown successfully as a crop. If more trees now growing wild 
may be located, it will be possible to collect more samples of the oleoresin for 
further intensive studies. 

2. Type of oleorcsin-bearing structures and their location in the plant -- A 
study of the anatomy of the tree will provide information on the type o f oleoresin
bearing stnictures and their location in the plant. This will be helpful in devising 
effective methods of obtaining the oleoresin from the plant. 

3. Propagation of the plant - 111e fastest and most efficient method of 
propagating the plant will have to be sought if the plant is to be developed as a 
crop. Generally, trees are propagated by seed, and, if this is true for apitong, then 
gennination studies are in order. 
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4. Environment factors affecting the oil yield of the plant - Such factors as 
temperature, rainfall, altitude, and soil (physical, chemical, and microbiological 
properties) affect oil.yield. inorganic nutrition is also included here as part of the 
chemical properties of the soil. Knowledge of the extent to which the plant res
ponds to these factors will be useful in lhe large-scale cultivation of lhe plant. It 
will be possible to meet the requirements of the plant for optimal growth. 

5. Variation, quantitatively and qualitatively, in the oil yield \\-ith ontogene
tic changes in the plant - Physiological changes in U1e plant as it grows and 
develops will result in quantitative and qualitative changes in the volatile oil yield.* 
Data on these changes that occur with ontogeny will be valuable in the utilization 
of the volatile oil as a source of energy. llle quality of the oil as an energy source 
may be at its peak at a particular stage of growth and development of the plant. 
This will determine the time of collection of the oleoresin. 

6. Method of collecting the oleoresin - Trees which yield oleoresins as exu· 
dates, either naturally or as a result of injury, may be continuously tapped provided 
the physiology of the trees is well understood. Various methods o f increasing the 
exudate by treatment with acids, hom1ones, or microorganisms wiJI have to be tried 
out to determine the best method. If the tree is to be grown conunercially. a 
continuous supply of the oleoresin has to be assured. 

7. Breeding and selection for improvement of the plant as a crop - The most 
important factors determining yield are genetic and therefore the plants with maxi
mum yield which are hardy, disease- and pcst·resistant, and which possess other 
desirable characteristics will have to be selected by careful breeding and hybridiza
tion studies. 

In addition to studies on the biology of the plant, other related studies may 
be conducted such as: 

1. Feasibility studies - An insight into the cost of growing the plant and 
collecting the oleoresin, the quantity of oil yielded, the amount of energy gene
rated, the cost of separating the vola tile oil from the oleoresin, the perfomiance of 
the oil in operating diesel engines, and other relevant details will indicate the 
feasibility of the actual utilization of the volatile oil of apitong as an energy source . 

2. Properties and possible uses of the resin - After distilling off the volatile 
oil from the oleoresin, the resin is left as a residue. The physical and chemical 
properties of the resin may be determined and the results will be original contribu
tions to basic science. Possible uses of the resin may be found and maximum 
utilization of the oleoresin will be effected. 

Sufficient information on the physiology of the plant and other related as
pects will provide a basis for the proper science authorities of government to 
recommend and support the development of our Philippine dip terocarps, starting 

*Variations in composition or the oils as reported by Dr. Bisset and his c~workers and by 
Dr. Bclardo's group in Table 4 could possibly be du.: to changes in the ph»siology of the plants 
or to the genetic make-up of the plants studied. 
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with apitong, as alternative sources of energy in the country. Here lies the signifi
cance of the research work of Dr. Belardo and her co-workers and for this their 
work may be justifiably commended. 

Julian A. Banzon, Discussant 

The sudden increase in price of petroleum oil had posed a very serious prob
lem to us who have very little of this commodity. Petroleum is the source of liquid 
motor fuel; what is affected is the motor transport industry; this means the move
ment of food supplies, construction materials, of trade in general, of people who 
have to reach their stations of work and return late to their home. Liquid petro
leum fuels are needed in mechanizing agriculture; plowing and tilling, applying 
fertiliz.er and pesticides, weeding, harvesting, etc. 

As is well-known alcohol (ethanol) is a good substitute as liquid motor fuel 
especially for gasoline engines but alcohol is expensive to produce, so far. Our raw 
materials for its production is not only inadequate: they are needed for food use. 
Hence the need to locate other soutces of liquid fuels: adequate in supply and 
where its use will not deprive us of a food material. 

Here is where the study presented by Dr. Luz Oliveros-Belardo and associates 
becomes of special significance. The authors find that the oil derived from the 
oleoresin of D. grandiflorus, approximates the fuel characteristics of diesel fuel as 
reported in Tables S & 6. They also find this oil to be thoroughly miscible with 
kerosene, gasoline and diesel fuel, which means that blends are possible. It is to be 
noted that complete replacement of petroleum-denied fuel may not be achieved in 
the near future; mixtures or blends or "extenders" (to borrow a food tech term) is 
all that we can hope for in the meantime. The authors of this paper as well as 
financial supplies are to be commended for this contribution to solve the Philippine 
liquid fuel problem. 
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Introduction 

Conus species are marine snails which are greatly admired for the beautiful 
patterns on their cone-shaped shell. At the same time, these species are notorious 
for their poisonous stings. Although cones usually react to disturbance by retracting 
into their shell, accidental stinging of humans (1, 2, 3, 4) have resulted from 
careless and prolonged handling of the live animal. In fact, several human fatalities 
have been reported over the years. Most dangerous are the fish eating or piscivo· 
rous species, particularly the larger ones such as Conus geographus. 

Cones are basically hunters which use a well-developed venom apparatus for 
catching prey such as worms, other molluscs and fish (5). Two types of strategies 
have been observed among piscivorous Conus species. C. geographus, upon sensing 
a fish in the vicinity, opens up its flexible furmel·shaped rostrum or mouth like a 
blooming flower. As soon as the unsuspecting fish swims into the funnel, the snail 
stings and envelopes the fish with its rostrum. In contrast, C magus and other closely 
related species (e.g., C. purpurascens, C. achatinus) bury themselves under the sand 
and entice prey by extending a brightly colored proboscis. When a fish comes to 
feed on the worm-like proboscis of a snail, it stings and hooks in the paralyzed 
fish as it emerges from the sand to engulf the fish with its distensible mouth. 

The venom apparatus of cones (6) consists of a muscular venom bulb (pro
bably acting as a pump), a long duct filled with venom, and a radula sac containing 
numerous hollow radula-tooth at different stages of formation. As the cone gets 
ready to strike, it positions one of the harpoon-shaped tooth at the end of the 
extensible proboscis. The highly modified tooth first acts as a hypodermic needle 
through which venom is injected then as a hook for pulling in the catch. 
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Symptoms of Conus Stinging 

Various symptoms have been described in stinging cases of humans. One well 
documented case (7) is a 28-year old man who died within 4~ hours after being 
pierced in the hand by a Conus. He complained of numbness of the hand in 5 to 6 
minutes after stinging. The sensation extended upwards to the lips and mouth in a 
few minutes, and t here was blurring of vision. Within an hour, the vic tim was 
unable to speak. He was completely paralyzed before death. 

In mice, intraperitoneal injection of crude venom produce symptoms similar 
to those seen with many snake venoms. Death from asphyxiation occurs from a few 
minutes t o about half an hour after injection due to paralysis of the respiratory 

muscles (8). 

Types of Conotoxins 

The venom of Conus species is a complex mixt ure of d igestive enzymes (9). 
quaternary ammonium compounds (6), fast-acting toxic peptides, and o ther 1.:om
ponents. The generic name "conotoxins" was suggested (10) for all toxic peptides 
isolated from Conus venoms, with a capital letter to indicate the species and a 

Roman nwneral to denote the particular variant. Small Greek letters preceding 
the name of toxins has also been suggested as a means to indicate the physiolo
gical action . 

Toxins isolated from Conus venom have differing physiological action with 
some acting on the neuromuscular system and o thers on the central nervous system. 
Conus species have evolved a series of neuromuscular toxins to ensure the effec tive
ness of venom injected to the prey. One group, the w-conotoxins irreversib ly block 
nerve stimulus evoked release of transmitter at the frog neurom us1.:ular junction 
(11). Another group (a:-conotoxins) inhibits the post-synaptic temiinus of verte
brate neuromuscular junction (1 2, 13). A third group (µ-conotoxins) rapidly blocks 
muscle action potentials in frog and mou se (14, 15). The cones are thus equipped 
with a set of toxins acting at three stages of impulse transmission . Although this 
may seem to be an " overkill'", it ensures survival of t he species. 

Tite a:-Conotoxins 

The most well-characterized of the conotoxins are of the a:-typc. The group 
consists of a homologous set of small basic peptides. The amino acid sequences (12. 
16) of those isolated so far are given in Fig. 1. The peptides designated by G all 
come from C geographus and the M peptide from C magus. All of them have a 
blocked carboxyl terminus. Conotoxins Gl and GIA are essentially identical except 
that GIA has additional Gly. Lys at the carboxyl end. GU differs from GI only in 
the conservative replacement of Asn4 by histidine, Arg9 by lysine and Tyrll by 
phenylalanine. Ml di ffers from GI not only in the conservative replacement of 
Asn4 by His and Hisll by Asn but also in the radical substitution of Glul (an acidic 
amino acid) by Arg (a basic antino acid). Obviously , there is considerable tlexibility 
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5 10 15 

Clu.Cys.Cys.Asn.Pro.Ala.Cys.Gly.Arg.His.Tyr.Ser.Cys.NH2 

Glu.Cys.Cys.Asn.Pro.Aln.Cys.Gly .Arg.His.Tyr.Scr .Cys.Gly.Lys.NH2 

Glu .Cy s. Cys.His.Pro .Ala.Cys. G ly. Lys.His.Phe.Ser .Cys.NH 2 

Gly .Arg.Cys.Cys.His.Pro.Ala.Cys.Gly .Lys.Asn.Tyr .Ser .Cys.NH2 

Gly. Arg. 
Cys.Cys.His.Pro .Ala.Cys.Gly .Lys. 

Glu. 

Asn. 
Tyr.Ser.Cy$.NH2 

His. 

Figure I . Amino acid sequences of C:Honotoxins and the proposed ancestral toxin (16). 

at the amino terminus of the conotoxins. The disulphide bondings are Cys2 to Cys7, 
and Cys3 to Cysl 3 (I 7). Chemically synthesized conotoxins GI and MI have been 
demonstrated to be identical, both biochemically and pharmacologically, to the 
native toxins (17, 18). 

Presumably, conotoxin GI and conotoxin Gil arose by gene duplication and 
divergence within C geographus. There is reason to believe that GIA arises during 
processing of GI from a larger precursor. Assuming that species divergence between 
C magus and C geographus occurred first before gene duplication in C geographus, 
possibilities for the sequence of the ancestral toxin may be as shown in Fig. 1. 

Physiological data (12, 13) indicate that conotoxins act at the muscle end 
plate region. No inhibition of either nerve or muscle action potential has been 
detected. McManus et al. (I 3) showed that conotoxins GI and Gii compete with 
a-bungarotoxin for binding to the acetylcholine receptor. Although Ml has not 
been used in physiological experiments, the mode of action is presumed to be the 
same as the G series because of the close structural homology. 

Many potent toxins similarly act by competing with acetylcholine for its 
receptor, without causing depolarization of the muscle membrane. So far two major 
classes of nicotinic Ach receptor inhibitors have been available: low molecular 
weight alkaloids (such as curare) and small proteins from snake venoms (e.g., 
u-bungarotoxin, cobratoxin, and erabutoxin). The a-conotoxins comprise a third 
class which is intermediate in size between the small alkaloids and the snake a-neuro
toxins which contain 60 to 74 amino acid residues. All these toxins mimic acetyl
choline which has the formula: 

0 CH3 

II I 
H 3 C-C-0-CH2 -CH2 • N-CH3 

CH3 
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The onium head with its positve charge spread over the methyl cluster in an im
portant structural feature for both muscarinic and nicotinic Ach action ( 19). 

Correlation of activity with amino acids sequences coupled with model 
building suggest a conformation for o:-conotoxins which is analogous to the "active 
tip" of the short a:-neurotoxins of snakes (20). Both Conus and snake neurotoxins 
can undergo a conformational flip with one of the conformations being function
ally equivalent to the calabash alkaloids and curare. All these o:-neurotoxins have a 
characteristic cationic pair. 

It is remarkable that conotoxin MI is the most active peptide yet d!scovered, 
being about 25 times more potent than d-tubocurarine and ten times more so than 
a:-bungarotoxin on a molar basis. It is thus comparable to C-alkaloid E, whose rigid 
structure is assumed to be a close complimentary fit to the active site of the acetyl
choline receptor protein (20). 
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Clara Y. Lim-Sylianco, Discussant 

There is not really much to say after that very excellent presentation of Dr. 
Cruz. Everything was very clear. It is a very good example 3S to what collaboration 
over these years can du. It shows that one can go deep until the molecular level to 
investigate problems regarding our Philippine conus species. I am very much im
pressed with what has been accomplished until the analysis, determination of the 
sequence of Lhe amino acids and some structural studies that would really give us 
an idea how deep one can go into the study of some 01· those observations that we 
have in uur own Philippine waters. And lastly, I would like to say that Dr. Cruz must 
be congratulated for her continuing interest in all these aspects of conotoxin inspite 
of the fact that she has always been saddled with administrative and teaching res
ponsibilities. Thank you. 

Edgardo Gomez, Discussant 

l thought that I was going to be the most brief of the reactors but Dr. Sylianco 
pre-empted me from that role. You see, 1 am a little bit out of kilter here in the 
sense that this is a biochemistry paper and I am a marine biologist. The only thing 
we really have in common here is that I am interested in the animals that they are 
studying. J was going to leave all biochemistry to her to sort out. But she indi
cated that Dr. Cruz has presented a very clear paper so that perhaps there isn't 
very much need to dwell further, dig deeper into the biochemistry of this cono
toxin. 

What I thought I would do is just maybe make a few general remarks or 
observations and encourage more research along this area. Again, as a marine bio
logist I can't look into the biochemistry of it except perhaps to mention that in 
the marine environment, we have a wide variety of toxic and venomous marine 
animals, many of which are of interest to medicine. It is unfortunate that so few 
researchers in this country are looking at these substances. 

I might very briefly mention a few as examples. Dr. Cruz mentioned the sea
snakes of which we have plenty in the Philippines. Among the other vertebrates, 
we have a number of fish including the lion fish and the scorpion fish , both of 
which have toxins or venoms. I am not quite sure how you differentiate between 
a venom and a toxin and a poison. I tend to associae toxins with the things that you 
ingest and venoms with those used by animals for stinging. Tt is very difficult some
times to draw the line on why you say this thing is poisonous as against being veno
mous. I use the terms interchangeably. 

Among the invertebrates, the molluscs which we are studying have been men
tioned. Then you have a whole range of coelenterates such as jellyfish and corals, 
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all of which have some type of toxin or venom. A number of worms also are 
known to have some toxins. Some of you have heard of the octopus. There is a 
small octopus that is famous in Australia that apparently kills people every year. 
And many of these animals are found locally, in our own waters. Perhaps when Dr. 
Cruz branches out we can give her a whole array of marine organisms that she can 
start to look at. 

Now I would just like to mention very briefly a little bit about some of the 
types of toxins in the marine environment. She is working on conotoxin. You also 
have in the puffer fish tetraodotoxins. And then you have the saxotoxins, some of 
which are found in bivalve molluscs and it is not very clear whether these are manu
factured by the bivalves or they are concentrated by them. One of the interesting 
things is that some of these toxins such as the tetraodotoxins have also been found in 
amphibians. The question that sometimes comes to mind is how is it that two very 
different groups of animals have come up with the same toxins? Is it some kind of 
convergent evolution or do they somehow follow genetically. Are they animals re
lated ancestrally or what? Anyway there are a lot of areas for research in this field 
and I think the medical applications can be very exciting. 
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RECENT TRENDS IN ELECTROANAL YTICAL CHEMISTRY .. 

Victoria A. Vicente 
Department of 01emistry, University of the Philippines 

Diliman, Quezon City. Philippines 

Introduction 

[In view of the heterogeneity of interes ts represented by the audience, I have 
chosen to speak in a fairly general vein, rather than discuss my very limited research 
area. This is also a welcome occasion to make non-electroanalytical chemists aware 
of some electrochemical techniques which could be useful analytical tools in their 
own disciplines, especially in studying processes or phenomena at electrical inter
faces. Because of time constraints, only a few of the major electroanalyticaJ tech
niques can be mentioned. ] 

Electrochemistry has to do with controlled electrical paths for producing 
chemical transfom1ations involving a net electron transfer. The electrical parameters 
that are employed and varied to force specific electrochemical reactions are: po
tential or voltage (both direct current and alternating current), cu rrent. and resist
ance. The analy tical signals or responses observed are current, charge, potential, 
resistance, or time-dependence o f any of these signals. Resistance is often measured 
in the inverse form, conductance. 

Elect rochemical methods are generally useful for: (l ) quantitative, (2) quali
tative, and (3) kinetic characterizations of chemical systems. Knowledge obtained 
from the last two has made many irreversible reactions available for analytical 
applications. 

The classical electroanalytical methods familiar to many are electrolysis 
(exhaustive), coulometry, potentiometry. a.mperometry, and conductimetry. 1 n 
the late 1920s, J. Heyrovsky ( 1959 Nobel Laureate in Chemistry) invented polaro
graphy, which concerns the measurement of current resulting from an applied 
potential at a dropping mercury electrode (DME), a spherical microelectrode. From 
polarography, several modem methods have been born and have been loosely re
ferred to as "po larographic methods" (strictly, they are voltammetric methods, 
dealing with current-potential relationships). 

Polarography proved to be a very versatile analytical and thermodynamic 
tool. It was widely applied for 25-30 years after its invention, although involving 
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largely inorganic systems. The sixties saw a decline in its popularity because of the 
method's limitations: the DME is actually an expanding electrode (large charging 
currents); positive potentials are inaccessible (because of oxidation of mercury), 
thus excluding many oxidation reactions; the inadequate two-electrode design; 
and current "damping" problems which arise from oscillations due to the growth 
and fall of the mercury drop. 

The 1970s, however, saw a "renaissance" of polarographic methods (1) aild 
the birth of several new transient techniques (i.e., methods involving the application 
of current or potential pulses, or other signal waveforms of short duration). This 
revival is attributed to the advent of smaller, cheaper, and more versatile solid-state 
electronics (especially operational amplifiers). The three-electrode potentiostat 
came about, which provided precisely-controlled potentials at the working elec
trode. Other features of the new breed of instrumentatiop eliminated background 
current from the analytically significant faradaic current, and presented the analy
tical response (signal) in the form of a peak, rather than the conventional polaro
graphlc wave. 

About the same time, new electrode materials (e.g., graphite, ~assy carbon) 
started to be discovered, which extended the potential window of investigation 
into the anodic region, but without pronounced chernisorptive or catalytic action 
as in the case of platinum. New electrode designs and configurations (e.g. rotating 
ring-disk) also helped widen the applications (originally largely limited to the reduc
tion of metal ions) to include many organic and biological reactions. 

Present-day electroanalytical methods possess the following attractive fea
tures: (1) small volume of test solution; (2) non-exhaustive ; (3) short analysis tin1es 
(a few minutes); (4) high sensitivity, due to greater suppression of background; 
(5) improved resolving power; and (6) easy automation or computer-interfacing 
for laboratory control and/or data processing. 

The theory for each of the techniques to be described is too mathematical; 
only the final, established relationship of analytical response lo concentratio n of 
electroactive species will be cited. In some of the transient techniques, digital 
simulation has been employed to test the validity of analytical equations derived 
from first principles. The methods discussed below represent those used mostly in 
the author's research work. 

Selected Electrochemical Methods 

l . Potentiometry at Selective Electrodes 

The first and most widely used ion-selective electrode is the glass electrode 
which appeared in 1906). It consists of a special glass membrane (about 50 µm 

thick), which responds to the hydronium ion in a Nemstian fashion. Measurements 
with ion-selective electrodes are essentially detenninations of membrane potentials 
which themselves comprise junction potentials between elect rolyte phases. The 
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performance of any single system is determined largely by the degree to which the 
species of interest can be made to dominate charge transport in part of the mem
brane_ 

Since the late sixties many different ion-selective electrodes have appeared_ 
The latest review on this area presents a host of new electrode systems, new con
figurations, new reference electrodes, new routine and non-routine applications 
(inorganic, organic, biological, and medical), and new measurement systems inclu
ding automated continuous flow types (2). The pH-sensitive electrode continues to 
be modified or replaced; one of these is a liquid-membrane type based on tri-n
<lodecylamine as neutral carrier, which is claimed very adequate both for intracel
lular and extracellular hydrogen-ion activity measurements (3). Other new types of 
selective electrodes repo1ted include solid-state membranes, liquid-ion exchangers, 
and gas-sensing and enzyme-coupled devices (2). Coated wire electrodes responsive 
to halo-metal complex anions (4) and chemically modified electrodes for deter
mination of dissolved organic analytes (5) have been developed_ These selective 
electrodes can readily be "home-made" (6, 7). 

Development work concerns determination of selectivity characteristics, 
detection limits, temperature and response time limitations, and potential pit
falls (e.g., chemical interferences, aging, "memory effects," poisoning), prior to 
application to real analytical situations. Solvent effects and membrane thickness 
to surface ratios are some critical factors influencing non-Nemstian behavior. 

2. DC and Pulse Pol.arography 

The family of polarographic techniques has again found widespread applicabi
lity since the introduction of low-cost three-electrode potentiostats and more con
venient DME designs_ In particular, nonnal pulse and diffe rential pulse polaro
graphy have brought down the detection limits from about I x 1 o-5 molar for 
conventional (de) polarography to at least l x 10-7 molar for the pulse modes. 
Enhancement in response is due to the improvement from reduced charging cur
rent contribution, since currents are sampled under potentiostatic conditions when 
the charging currents have decayed to the minimum value. Recent applications in
clude trace (inorganic and organic) analyses, determination of oxidation states , 
detection of complexation, and acid-base chemistry_ Biological and pharmaceutical 
applications have been especially numerous (8, 9), proving that polarography re
mains the most powerful electroanalytical tool today_ 

A new concept in dropping mercury electrodes, the static mercury drop 
electrode (SMDE), was introduced recently by one of the leading manufacturers 
of polarographs (PARC) and overcomes one formidable limitation in polarography, 
i.e., measurements are made at an expanding electrode. The SMDE is sin1ilar to the 
conventional DME; however, the electrode assembly includes a valve which allows 
the mercury flow to be stopped at selected time intervals to produce a stationary 
rather than a growing drop on the tip of the capillary. The SMDE retains all the 
advantages of the conventional DME (fresh surface) but avoids the problem of 
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obtaining data at an electrode with continuously changing area. The SMDE allows 
·•area step" experiments to be performed, which can be considered analogous to 
potential step experiments. Because of the elimination of charging current from 
area growth tem1s, there is essentially no difference in detection limits between 
DC polarography and differential pulse polarography when asing the SMDE (IO). 
This is believed to be a very significant development and could lead to the conver
gence in the performance of the various polarographie techniques. 
3. Stripping Analysis 

Because of the pre-concentration step, stripping analysis is to date the most 
sensitive electrochemical method of analysis. It utilizes a bulk electrolysis step of 
a few minutes' duration to pre-concentr:ite (by a fador of 100-1000, or more) a 
substance from solution into the small volume of a mercury electrode (or onto the 
surface of a solid electrode). After this step, the material is redissolved ("stripped") 
from the electrode using some voltammetric technique (frequently linear potential 
sweep volta:mmctry). 

The widest application is in the analysis of trace metals by cathodic deposi· 
tion. followed by anodic st ripping with a linear potential scan (anodic stripping 
voltammetry. ASV) or together with a differential pulse (DPASV). Mercury, plati· 
num, gold, rnercury-fJ.irn on glassy carbon, etc. can serve as substrate electrodes. 
The technique is especially useful for the analysis of very dilute solutions. down ro 
10 10 or 10- 11 molar. 

Cathodic stripping voltammetric (anodic pre.concentration step) applications 
are slowly unfolding, e.g. analysis of Mn (II) as !\'11102 . sulfide as Ag2S (on silver 
electrode). etc. 

A related technique but one which requires simpler instrumentation is poten
tiomctric.: st ripping analysis (PSA). which was introduced by Jagm:r er al. ( 11. 12). 

The same pre-concentration step is required: howeve1. the stripping is performed 
chemically by an oxidizing agent (or reducing agent. in the case of anodic pre-con· 
centration), such as oxygen. Hg(II). Fe(lll). etc. (13). In the reductive case, hydro
quinone has been employed as stripping a~ent ( 14, I 5). 

In th.is method the analytical signal for stripping a component is proportional 
to the time required to redissolve that component. A theoretical analysis of the 
method was recently reported by Chinese workers ( 16 ) . 

Determinations are generally performed in stirred solutions to impr1we re
producibility and analytical >ign::il levels. 

There arc a few problems with this technique. sud1 as finding the sui table 
oxidizing or reducing agent which docs not electrolyze at the potential of pre· 
rnncentration. Furthermore. the stripping process may not be entirely transport· 
contrulled. However, good resolution and its applicability in media of low ionic 
strength are distinct advantages over ASV. 
4. Vo/tammcnJ' at Rotating Hk:ctrudes 

One of the few convective electrode systems for which the hydrodynamic 
and convective-diffusion equations have been solved rigorously for the stcaJy state 
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is the rotating disk electrode (ROE). It consists of a disk of the electrode material 
imbedded in a rod of an insulating material (e.g., glass tubing, teflon, epoxy resin, 
other plastics). The parameter controlled is the angular velocity 0f the RDE. 

The Levich equation for a totally mass-transfer-limited condition predicts 
that the limiting current is proportional to the concentration of the electroactive 
species in the bulk of the solution and to the square root of the electrode rotation 
speed ( 17). The RDE has numerous applications not only for analytical determina
tions but also for measurement of kinetic parameters. 

The rotating ring-disk electrode (RRDE) is an even more powerful tool. It 
consists of a disk electrode combined with a ring electrode, which is concentrically 
placed around the disk electrode. The current-potential characteristics of the disk 
electrode are unaffected by the presence of the ring. Independently of the disk 
(e.g. the disk at open circuit), the ring current can be measured and is related to 
the geometric parameters of the ring, i.e., the inner and outer radii. 

RRDE experiments are usually carried out with a bipotentiostat, which 
allows separate adjustment of the disk potential and ring potential. However, it is 
possible to use an ordinary potentiostat to control the ring cin:uit and a simple 
floating power supply in the disk circuit. 

Two types of experiments are frequently used at the RRDE: (a) collection 
experiments. where species generated at the disk are observed at the ring; and 
(b) shielding experiments, where the flow of bulk electroactive species to the ring 
is perturbed because of the reaction at the disk. The ring current is related to the 
disk current by the collection efficiency (in the former case) and by the shielding 
factor (in the latter case), both quantities being predictable from the electrode geo
metry (17). 

The application of transients (e.g. potential step) or hydrodynamic modula
tion (18) have allowed the study of absorption phenomena at the disk through the 
currents at the ring. Monomolecular layers of Sn, Pb, Tl, and Hg have been mea
sured on a gold RRDE and arc applicable in ultra-trace analyses of these metals 
(19-22). 

5. Cyclic Voltammetry 

One very popular tool which deserves men ti on. not so much for its analytical 
utility but for the wealth of qualitative information that can bP directly visualized 
from the current-potential curves recorded, is cyclic voltammetry. A triangular 
potential waveform is employed, and the resulting voltammograms are charac
terized by peaks. Equations to predict peak current and peak potential for both 
reversible and irreversible systems have been derived (23). 

New systems for study would benefit from initial observations obtained from 
cyclic voltammetry. Different mechanisms give rise to distinct variations of peak 
current. peak potential, etc. with the kinetic parameters for both charge transfer 
and coupled chemical reactions. Diagnostic criteria for establishing mechanisms 
based on changes of peak potential as a function potential scan rate and concen-
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tration are now known and have been utilized in numerous basic studies of elec
trochemical systems (24). 

An interesting application of cyclic voltammetry which was reported is the 
in vivo monitoring of substances in the kidney or brain, employing a miniature 
carbon paste electrode (25). 

6. Combination Techniques 

Electrochemical detection methods are becoming very important in liquid 
chromatography and in continuous flow analysis (26). Ion-selective and voltam
metric electrodes are frequently used. The advantage of high sensitivity continues 
to make electrochemical detectors popular despite the problems of providing 
electrodes with reproducible surface and low background current. In addition, 
such detectors must be compatible with the chromatographic requirement of low 
dead volume and fast response, and the electrochemical requirement of low re
sistance. The utility of the LCEC detector can be extended by derivatization of 
analyte molecule with electroactive reagents or by use of electrogenerated re
agents. 

In recent years, study of electrode processes and electrode surfaces involved 
other experiments to obtain information that could not be gathered in purely elec
trochemical measurements. One of these is absorption spectroelectrochemistry, 
which involves directing a light beam through the electrode surface to measure 
absorbance changes resulting from species produced or consumed in the electrode 
process. The obvious prerequisite is an optically transparent electrode (e.g. thin 
films of semiconductors like Sn02 or In20 3, or Au or Pt deposited on glass, quartz, 
or a plastic surface). Spectroelectrochemical methods can be especially useful for 
unravelling a complex sequence of charge transfers, such as in the study of redox 
proteins (26). Thin-layer (test solutions ca. one microliter) spectroelectrochemistry 
has been further combined with GC/MS to identify reaction intermediates (27). 

Instrumentation 

Description of new microprocessor· or microcomputer-based electroanalytical 
systems comprises the largest number of publications in the field in the past few 
years. The objectives vary from searching for novel applications, improving the 
versatility of the system through software modification, to enhancing sensitivity 
through signal averaging. Several modules and modifications of commercial instru· 
rnents were reported, e.g. a conversion module which extended the capability of a 
polarographic analyzer to cyclic vol lammetry and derivative polarography, modifica
tion of timing sequence to improve performance, etc. (24). 

Through microprocessor technology, it is possible to build a low-cost elcc
troanalytical system with flexibility limited only by software capabilities. Enor
mous amounts of data may be obtained and transformations from one response 
to another readily perfom1ed. At the same time there can be excellent means for 
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detecting interferences in analytical data and possibly compensating or correcting 
for them. It has been suggested that instrumentation will be equivalent for the dif
ferent polarographic techniques if digital approaches were routinely implemented 
(IO). 

References 

I. J .B. Plato. 1972. Anal. Chem. 44{LL): 75A. 
2. M.E. Meyerhoff and Y.M. Fraticclli. 1982.Anal. Chem. 54 : 27R. 
3. P. Schulthess, Y. Shijo, H.V. Pham, E. Pretsch, D. Ammann and W. Simon. 1981.Anal. 

Chem. A cta. 131 : 111 . 
4 . R.W. Ca ttrall and G .L. Lee. 1980. Anal. Chem. A cta. J 16 : 391. 
5 . J.F. !'rice and R.P. Baldwin. 1980. Afial. Chem. 52: 1940. 
6 . C.R. Martin and H. Freiser . 1980. J. Chem. Educ. 57: 512. 
7. L.J. Schwartz and E. R. Grant. 1980, J. Chem. Educ. 57 : 311. 
8. W.f'. Smyth {Ed.). 1980. Electroanalysis in Hygiene, Environmental, Clinical and 

Pharmaceutical 0 1emistry. Elsevier , Amsterdam . 
9. W.F. Smyth (Ed.). 1979. Polarography of Mole~·ules of Biological Significance. Aca-

demic Press, N.Y. 
10. A.M. Bond. 1981.J. Electroanal. Chem. 118: 381. 
ll. D. Jagner . 1978 . Anal. Chem . 50: 1924. 
12. D. Jagner and A. Granelli, 1976 . A nal. l71em. Acta. 83 : 19. 
13. V. A. Ciccn tc. 1977. unpublished data. 
14. J . K. Chri~1cnsen and L. Krygcr. 1980. Anal. 01em. Acta. 118: 53 . 
I S. J . K. Christ ensen , K. Keiding, L. Kryger , J. Rasmussen and H. J. Skov. 198 1. Anal. 

CT1em. 53 : 1847. 
16. C. C. Tuen, Y. L. De, and L. W. Ying. 1982 . Ta/anta. 29: 1083. 
l. 7. W. J . Albery and M. L. Hitchman. l 9 7 l. Ring-Disc Electrodes. Oxford University Press, 

Lo ndon. 
18. B. Miller and S. Bruckenstein. l 970. J. Electrochem. Soc. 117 : 1032. 
19. V. A. Vicente and S. Bruckenstein. 1972. Anal. CT1em. 44: 297. 
20. V. A. Vicente and S. Bruckenstcin. 1973. Anal. Chem. 45 : 2036. 
21. V. A. Vicente and S. B.ruckenstein. 1977. J. 1:.1ectroanal. Chem. 82 : 187. 
22. V. A. Vicente. 1978. unpu blished da ta. 
23. D. D. Macdonald. 1977. Transient Techniques in Electrochemistry . Plenum Press, N. Y., 

Chap . 6. 
24 . D. C. Johnson. 198 2. Anal. CT1em. 54: 9 R. 
25. A. J . Bard and L. R. Faulkner. 1980. Electrochemical Methods. Wiley, N. Y., p . 235. 
26 . M. D. Ryan and G. S. Wilson. 1982. Anal. Chem. 54: 20 R. 
27. A. Brajtcr-Toth. 1981.J. Electroanal. Chem. 122: 205 . 





263 

Apolinar S. Lorica, Discussant 

Speaking as a baseball fan, I would say that Dr. Vicente has touched all the 
bases and made a homcrun in discussing the recent trends in clectroanalytical 
chemistry. So, what is there left to say? Well , maybe l could say something about 
future trends to justify my presence here. 

As Dr. Vicente mentioned, practically all the "happenings" in electroanaly
tical chemistry for the last 30 years can be traced to a minute electrode aptly called 
the "dropping mercury electrode''. Future trends will be largely dependent on 
studies on new and modified electrodes. Another metal, gallium, which is a liquid 
like mercury at our room temperature (M. P.=30°C) during the hot months, has 
been considered as an electrode material and might figure prominently in future 
developments in the dynamic field of electroanalytica1 chemistry . 

There is cunsiderable interest in the chemical modification of the electrode. 
Coated wire electrodes and some chemically modified electrodes are already being 
used in ion·selective electrodes. as noted by Dr. Vicente. Chemical modification has 
so far been achieved by: l ) covalent a ttachment of functional groups; 2) adsorption 
of organic molecules; and 3) adherence of a poly mer matrix containing a redox 
active component. 

Chemically modified electrodes are still shrouded in mystery. They are easy 
to prepare, and can be home-made as Dr. Vicente said. This is probably why they 
are becoming inc reasingly popular. TI1ey appeal to the boy and the scientist in a 
man. TI1ere is, however, much controversy over the exact mechanism of their 
respo nse. Some exhibit nearly Nernstian response to changes in ion concentration 
while o thers show irreproducible and drifting potentials and nobody has come up 
with a convincing explanation. 

IL is safe to say that miniaturization will underlie future developments in 
electroanalytical chemistry. TI1e rea~on for this is the continuing effort to use very 
small amounts of sample which is partly fueled by the desire to economize on 
expensive chemicals. Another reason is the desire to use ion-elective electrodes to 
monitor in vivo important blood electrolytes. 

As you may have noticed, electroanalytical chemists use down-to-earth tenni· 
nology. For example, in polarography, the salt which is added to the solution in 
:;real excess, is called the supporting electrolyte. It gathers near the electrodes but 
does not react. The o ther elect rolyte, presumably , the star electrolyte, is the one 
tha t reacts :it the electrode, which, incidentally, is called the working electrode. The 
other electrode o nly acts as a reference elec trode. The current that is used to charge 
up the electrical double layer around the dropping mercu ry electrode is caUed the 
charging current, of course, while the current used in the electrode reaction (which 
is measured in units named after Michael Faraday) is the faradaic current. When the 
potential of the working elect rode obeys the Nernst equation, its behavior is termed 
Nernstian. Finally. to end this brief discussion, I'm sure you remember having heard 
the process of removing a deposit covering an electrode called suggestively, strip· 
ping. 
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Amando Kapauan, Discussant 

I would just like to add two very recent developments in this area of electro
nalytical chemistry. One concerns a paper that is published by Dr. Vicente's old 
boss. Dr. Bruckenstein just recently, about two months ago, in the March issue of 
Journal of Elcctroanalytical Chemistry described a new kind of electrode system 
called the wall-tube electrode. The reason why this is very important has to do with 
what Dr. Vicente mentioned earlier. 

One of the most powerful electrodes for the study of basic electrode reac
tions is the rotating disc electrode. 111e reason for this J won't go into, it is one of 
those few clcctru<les, in fact it is the only electrode so far up to last March in the 
literature, where the current is strictly proportional lo the area; if you double the 
area, the current doubles and there arc hydro-dynamic reasons for tltis. But if you 
have ever tried to make a rotating disc electrode, you will find that it is so difficult 
that around the work! there are just a few, countable in the fingers of your hand, 
laboratories that are capable of turning out very good rotating disc electrode 
results. 

Dr. Bruckcnstein 's paper is a mathematical study of the hydrodynamics of an 
electrode which is a small electrode embedded as a flat disc then polished exactly to 
the surface of a container's wall. The electrolyte is conducted to th.is electrode 
using a small tubing whose internal cliameter is slightly bigger than the micro-elec
trode embedded on the wall. Under these conditions, with solution flowing from 
the tube into the wall (that is why it is a wall-tube electrode) the hydrodynamics is 
exactly the same as in the rotating disc electrode, but with the tremendous ad
vantage that it is stationary. All you need to do is pump the solution through the 
tube. I expect that there will be dozens of papers in the next few years concerning 
the applicability of this system to basic electrode phenomena. One of the things 
that we ought to try our hands in because it is easy to make. 

The other is the development of very cheap microprocessor systems which are 
all available nowadays, even in Binondo. The cheapest Apple-type computer sells 
for about P3,000.00* TI1is includes 64 K of memory, exact operational duplication 
of all Apple functions. The Apple computer has a tremendous amount of software 
and hardware available, compatible with it. So that I think there is no excuse for 
anybody who wants to fool around with microcomputers and microprocessors in 
terms of expenses here in this country at the present time. In fact, we are doing 
better than many other developed country in the world. You can't buy anything as 
cheaply as what is available in Binondo here. Go out there and get yourself one and 
start fooling around with it. It is the thing to do nowadays. Thank you very much. 

*At printing time up to f>7,000 because of inflation. 
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ABSTRACT 

The laboratory-sca..le production of the enzymes cellulose, glucoamylase and 
alpha~dlllylase was optimized in terms of substrate composition and concentration, 
inocuJum size, pH and other parameters. 

A local isolate of Penicillium was found to produce a higher cellulase activity 
when grown on nutrient-supplemented sugarcane bagasse compared to Tricho
derma reesei strains QM 9414 and NRRL 11485. Batch culture of the Penici/li11m 
in an airlift fermenter at pH 4.5 for two days resulted in maximum activities on 
filter paper and carboxymethylccllulose. 

Aspergillus awamori NRRL 311 2 produced the highest glucoamylase activity 
after four days of batch growth in an airlift fermenter using as substrate a mixture 
of cassava root flour and rice bran (l :2 weight ratio). The optimal conditions 
were pH 5.5, 30°C, 20% solids level of substrate and I 0% inoculum size. 

Alpha-amylase was produced by Bacillus subtllis NRRL 3411 in an airlift 
fermenter using as substrate a mixture of cassava root flour, rice bran, fish meal 
and soybean meal. After three days of fermentation the enzyme was harvested, 
concentrated and stabilized. Alternatively a solid enzyme powder was prepared. 

Introduction 

Plant biomass, which is produced by photosynthesis, is the world's most 
important renewable material and energy resource. It could serve as partial substi
tute for fossilized biomass such as petroleum, coal and natural gas whose reserves 
are continually being depleted. Being dependent on land area, plant biomass 
production is limited and its utilization for food or fuel is governed by socio
economic and geo-political factors. 

TI1e important constituents of plant biomass are carbohydrates and lignin. 
Included in the former are cellulose, hemicellulose, starch and sugars. Cellulose and 
starch are polymers of glucose, while hemicellulose includes pentosans or polymers 
of pentoses (fine-carbon sugars) and pentose derivatives as well as hexans or 
polymers of hexose (six-carbon sugars) other than glucose. On the other hand, lignin 
is a complex material of high molecular weight consisting of phenylpropane units 
linked together by a variety of bond types. Cellulose, which is usually tightly 
complexed with lignin and hemicellulose, is the most abundant organic substance in 
the world. It makes up approximately 50% of the cell wall material of wood and 
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plants and between 25 to 50% (dry basis) of wood, sugarcane bagasse, rice straw, 
corn cobs and otJ1er lignocellulosic materials. Starch is ilie primary carbohydrate in 
cereaJ grains and staple crops such as cassava and sweet potato. Approximately 25% 
of fresh cassava and sweet potato is starch. 

The chemical structure of cellulose and starch and the reaction scheme 
for their complete hydrolysis into glucose, ti1rough the action of acids or enzymes, 
are shown in Scheme 1. Starch consists of two types of polymers, namely amylase 
and amylopectin. The fom1er is a linear polysaccharide linked by alpha-1,4 bonds 
while the latter, which is shown in Scheme 1, is a branched polymer containing 
both alpha- I ,4 and alpha-1 ,6 glucosidic bonds. On the other hand, cellulose is a 
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linear polysaccharide linked by beta-1 ,4 glucosidic bonds (Roberts and Caserio, 
1964). 

The enzymatic hydrolysis of cellulose, as schematically shown in Figure 
I , is generally believed to occur through the action of at least three components of 
the cellulase enzyme complex, namely exo beta-1,4-glucanase (or 1 ,4#-glucan 
cello -biohydrolase), endo beta-1 ,4-glucanase (or 1,4-#-glucan glucano-hydrolase) 
and #-glucosidase. The endo-glucanase attacks the amorphous region of the cellulose 
fibrils by ·splitting internal glucosidic bonds thereby increasing the number of 
non-reducing ends. In tum, the cxo-glucarase hydrolyzes a penultimate glucosidic 
bond of the exposed non-reducing ends and releases cel1obiose which is further 
degraded to glucose by (1-glucosidase (Fiigerstam et al., 1977). Detailed studies on 
the mechanism of action of the cellulase enzymes have been described in the 

proceedings o f several symposia (Hajny and Reese, 1969; Wilke, 1975; Dailey et al., 
1975; Gaden er al .. 1976; Ghose, 1977; Ghose, 1981 ). 

The enzymatic action of amylases on starch is schematically shown in Figure 
2. After gelatinization or swelling in wate r, starch is dextrinized or converted into 
smaller fragments through the action of alpha-amylase and beta-amylase. The latter 
is an exo-glucanase and splits o ff maltose from the non-reducing end of starch, 
while the former randomly hydrolyzes an internal alpha- 1,4 glucosidic bond . The 
resulting dextrins are hydrolyzed by glucoamylase into glucose. 

Cellulase Production 

Previous work done by the author on cellulase production dealt with 
semisolid cul tu res of several strains of the cellulolytic mold Trichoderma viride 
or reesei) using, as carbon substrate, mixtures of rice bran with either rice straw or 
rice hulls (Vilela et al .. 1977). Although reasonably high enzymatic activities were 
obtained in the culture filtrates, at least seven days of culturing were needed and 
the semisolid technique for enzyme produc tion was found difficult to scale-up in 
later studies. 

Our more recent work has concentrated on cellulase production in a locally
fabricated laboratory-scale fermenter using as substrate sugarcane bagasse or rice 
straw, which was supplemented with other nutrients (Bondoc, Bondoc, 1982 ; E.J. 
de! Rosario and D.M. Marquez, unpublished data). An airlift fermenter, which is 
shown in Figure 3 , was used in the fennentation studies. Aeration and agitation of 
the culture medium in the fennenter was simultaneously brought about by filtered 
air through an 'airlift effect'. The latter refers to the upward flow of the air
entrapped Liquid inside the inner tube of the fermenter followed by the downward 
liquid flow in the outer annular region after air release such tha t a continuous loop 
motion of the liquid is obtained. 

Using as substrate a mixture of NaOH-treated sugarcane bagasse and rice bran 
(I: I w/w) at 5% solids level and initial pH of 5, two strains of Trichoderma reesei 
and a local isolate of Penicillium (kindly given by Dr. lreneo Dogma, Jr.) were 
compared in terms of ccllulase production. Although slightly different initial spore 
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Figure 3. The airlift fermenter 

concentration o f the three microorganisms were used, much higher 
carboxymethylcellulose (CMC) volumetric ac tivities (abbreviated as CMC'VA) were 
obtained with T. reesei NRRL 11485 as shown in Figure 4 . The effects of substrate 
composition on cellulase production by this microbial strain using either 
alkali-treated or untreated bagasse are summarized in Table l . lt is seen in the table 
that untreated bagasse is a better substrate than alkali -treated hagasse for ccllulase 
production in tenns of filter paper (FP) and CMC enzymatic activities in the 
fennentation medium. TI1is result could be explained by the property of untreated 
bagasse to induce cellulase production by T. reesei; apparently, the highly resistan t 
nature of the substrate forces the microorganism to secrete a more active enzyme 
for cellulose breakdown. In the case of alkali -treated bagasse, the partially deligni
fied material is less efficient in inducing cellulase production by the microorganism. 
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Figure 4 . Volumetric activity on filter paper (FP) and carboxymethylcellulose (CMC) of culture 
filtrate~ of T. reesei NRRL l 1485. T. reesei QM 9414 and Penicillium sp. 86. 

Using untreated bagassc as carbon substrate, the production of cellulase by 
T. reesei QM 9414 was optimized in terms of substrate composition. The experi
mental resuJts, which are presented in Table 2, show thal the highest FP activities 
were obtained for a medium containing equal amounts of bagasse and rice bran 
while the lowest activities were observed using bagasse only. Corresponding results 
for the Penicillium isolate (Code No. 86) are given in Table 3 and show that the 
highest FP and CMC activities were obtained for medium E which contained 
untreated bagasse as carbon substrate to which were added (NH4 )S0 4 , KH2P04 , 

urea, Cacl 2 and MgS0 4 . 

A summary of the FP activities and protein content of the culture medium 
fo r the tluee fungal strains tested is given in Table 4. It is apparent that the Penicil-
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Table 1. Effect of substrate composition on filter paper (FP) and carboxymethylcellulose (CMC) 
volumetric activities of culture filtrates of T. reesei NRRL 11485 grown on untreated 
or alkali-treated bagasse*. 

Suhstrate Protein FP CMC 
Composition"'"' Conccntratio11 Volumetric Volumetric 

% Activity Activity 
IV/ml JU/ml 

Untreated hagasse: 

Bagassc only 6.7 0.000 O.Q25 
98 : !RB 6.9 0.008 0.041 
88: 2RB 6.2 0.033 0.044 
58 : 5RB 4 .9 0.064 0.185 
Medium E 6.7 0.058 0 .496 

Alkali-Treated bagassc: 

Bagasse onJy 7.0 0.009 0.034 
98: !RB 6.5 0 .010 0.039 
88: JRD 7.0 0.015 0.033 
58: 5RB 5.5 0.036 0. 132 
Medium E 4.4 0.049 0.170 

*Substrate: 5% (w/v) solids: initial inoculum count-3 x 108 spores per shake flask culture 
spores per shake flask culture: incubation time : 2 days. 

**9B: l RD (bagasse: rice bran 9 : 1 w/w); SB: 2 RB (bagassc ; rice bran 8:2 w/w) ; 5B 5RB 
(bagasse: rice bran 5 :5 w/w) : ~edium E (constituents in g per 100 ml ; bagassc, 5.00 ; (:\JH4)i

S04, 0.14; KB2ro4, 0.20: urea, 0.03; Cacl2. 0.03 MgS04. 7H20, 0.03). 

Table 2. Effect of substrate composition o n 11Jter paper (FP) and carboxymethylcclluJose (CMC) 
volumetric activities of culture filtrates of T. reesei QM 94 14 grown on untrea1ed 
bagasse* 

Substrate 
Composition'"'" 

Bagasse only 
9B: J RB 
SB: 2RB 
SB : 5RH 
Medium 

Protein 
Concentration 

8.J 
7.9 
7.8 
9.2 
9.4 

FP 
Volumetric 

Activity 
JU/ml 

0.0 11 
0 .0 12 
0.022 
0.045 
0.038 

C..111C 
Volumetric 

Actil>ity 
IV/ml 

0.045 
0.012 
0.092 
0.11 j 
0.11 6 

•Substrate: 5% (w/v) solids ; initial inoculum count -3.6x l 0 8 spores pi:r shake flask 
culture: incubation timc-2 days . 

._Please see footnote of Table l for details. 
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Table 3. Effect of substrate composition on filter paper (FP) and carboxymethylcellulose(CMC) 
volumetric activities of culture filtrates of Penci/lium sp. 86 grown on untreated 
bagasse• 

Substrate 
Composition•• 

Bagasse only 
9B: lRB 
BB : 2RB 
SB: SRB 
Medium 

Protein 
Concentration 

% 

4,1 
4.2 
4.2 
4.2 
6.0 

FP CMC 
Volumetric Volumetric 

Activity Activity 
JU/ml JU/ml 

0.014 0.051 
0.016 0.072 
0.014 0.121 
0.031 0.140 
0.165 1.016 

•substrate: 5% (w/v) solids; initial inoculum count-8.0xl08 spores per shake flask 
culture; incubation time - 4 days: 

•*Please see footnote of 'Cable 1 for details. 

liwn strain produced the most active cellulase among the three. A comparison of 
our results with those reported in literature is also relevant. For example, when 
Trichoderma longibrachiatum was grown on 0.5% NaOH-and sodium chlorite
treated bagasse, the maximum FP Volumetric activity (FPVA), FP specific activity 
(FPSA), CMC volumetric activity (CMCV A), CMC specific activity (CMCSA), and 
percentage Lowry Protein (%LP) obtained on the seventh day of fermentation were 
ca. 0.111 JU/ml., 0.555 IU/mg P.O. 370 IU/ml. 1.851 JU/mg P, and 2.00%, res
pectively (Sindhu and Sandhu, 1980). For Aspergi/lus terreus GN 1 cultured on I% 
alkali-treated bagasse and 600 mg cornsteep liquor/ I of broth, maximum values of 
FPV A of 0.08 HJ/ ml and CMCV A of 1.00 IU/ml were obtained on the seventh 
day of fermentation (Garg and Neelakantan, 1982). In our study, the optimum FPVA, 
FPSA, CMCV A, CMCSA, and % LP obtained on the fourth day for Penicillium 
sp. 86 grown on 5% untreated bagasse and (NH4)iS04 and urea as N sources were 
0.165 IU/ml, 0.275 lU/mg P, 1.06 IU/ml , 1.69 IU/mg P, and 6.00%, respectively. 
It is evident that the cellulase activities of Penicillium sp. 86 arc comparable if not 
better than those of T. longibrachiatum and A. teffeus. Moreover, it is economically 
advantageous to utilize Penicillium isolate for celluJase production because it 
requires Jess incubation time and uses untreated bagassc. 

The above-mentioned results were obtained in 100-rnl shake-flask cultures in 
order to select the best microorganism and medium for scaled-up cellulase pro
duction in the 3 .5-liter airlift fermenter. In turn, optimization of the airlift fer
mentation process was done in terms of the solids level and pH of the medium. TI1e 
effect of solids level on the enzyme activity of the culture medium at various cul
turing times is shown in Figures 5 and 6. Maximal FP and CMC volumetric activi
ties were obtained using a 2.0% solids level after 48 hours incubation. Results of 



274 del Rosario, Laboratory-Scale Production of Fnzymc~ 

Table 4. Composition of FiJter Paper activitic~ and protein concentration of culture 
filtrates of three fungal strains. 

Fungal Strain 

T. rcr.sei 
NRRL 11485 

T. reesei NR R L 
11485 

T. n-t!Sd QM94 I 3 

Penicilli11m ~p. 86 

.10 

.08 

.06 

~ 
0.. .... 

,04 

.02 

Culture 
Substrate 

Medium E using 
alkal.i-trea ted 
bagass<' 

llntrcatc<l baga.~se: 
rice bran (5 :5) 

Umreatt"d bagass~: 
rice bran (5 : 5) 

Medium E using 
untreated bagassc 
- ----·--~---· -

Culn1rc 
Time. 
days 

2 

2 

2 

4 

"" 

/ 

~-----·r-----~-
0 24 48 

Filter Paper A crfrity 

Volumetric 
Acn·l'lfy 
(IU/ml) 

0.049 

0.064 

0.045 

0.165 

Sped fie Protein 
Acril'ity Conce111r11tio11 

(JU / 1111; protein) '.'-' 

n.112 4.4 

0.130 4.9 

0.049 9.2 

0 . .:?75 6.0 

i'>. ---~6 2.0% 

· ----. 3. 5 % 
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F~ure S. l'lot of Fl'VA vs. incubation time fur Pe11il:ill1wn ~p. 86 grown ,1n untreated haga~sc 
at various solids levels tested using an uirli.fl frrrnrnt!-'.r. 
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Figure 6. Plot of CMCVA vs. incubation tune for Penicillium sp. 86 grown ,,n untreated 
bagas~t• at various solids levels rested using an airlift fermenter. 

the pH optimization studies, which are given in Figures 7 and 8. show that maximal 
ceUulase production was achieved at pH 4.5 after 48 hours incubation using 2% 
untreated bagasse as carbon substrate. u1 summary, maximal production of cellulase 
was obtained by culturing Penicilliurn sp. 86 on :2% untreated sugarcane bagasse 
~uppkrnenlc<l with 0.14% (NH4 )zS04 , 0.20% KH 2P04 , 0.03% urea, 0.03% Cacl2 
and 0.03% Mg..c;04 . 7H2 0 and with the pH controlled at 4.5 and aeration at I vvm 
(volume of air per volume of fermentation medium per minute) in an airlift fer
menter at room temperature (ca. 30°C). 

Glucoamylase l'roduction 

The batch production cf the enZ)'1TIC glucoarnylase (or amy!oglucosidase) 
has been optimized in our laboratory using the an:ylolytk mold Aspergillus awamori 
NRRL 31J2 (Acabal , 1983 ). 1l1e optimum temperature, pll. solids level, and 
inoculurn size were determined for en1.ym.: production in an airlift fermenter 
using a mix!ure of cassava root flour am.! rlce bran (l :2 weight ratio) as substrate. 
TI1e experimental results for the glucoarny!ase a{·tivity of the culture filtrate as a 
function of in1.:ubati<m ti.me are presented ill Figure 9 . lt is seen in the Figure that 
greater volumetric: and specific ac1ivi,tics of the enzyme were obtained at 30°C 
compared to 35"C. 

The effo;t of pH on glucoarnylase production by A. a1vamori NRR.L 3 I. 12 at 
30"'C is shown in Figure 10. The optimal pH was found to be 5.5. A comparison 
of enzyme activity data at 20 and 25% solids ]eve]. which is drawn in Figure I I 
shows the advantage of using the lower solids level. TI1e results of this study are in 
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bagasse at various pH levels using an airlift fermenter. 
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bagnsse at various pH levels using an airlift fermenter. 
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Figure 9. Volumetric and specific activities of glucoamylase produced by A . awamori NRRL 
311 2 at 30°C (6 - 6) and 35°C (0 - 0) with uncontrolled pH using 20% solids level 

or substrate and l 0% lnoculum size. 
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Figure 12. Volumetric activity of glucoamylase during continuous produdion by A. awamori 
NRRL 3 l l 2 at 30°C and pH 5.5 using 20% solids level of substrat~. 

agreement with those obtained by Smiley (1974) and Osorio (l 981) using the same 
strain of mold. Furthermore, lower glucoamylase activities were obtail1cd at 15% 
and 25% solids level (Smiley, 1974 ). Unfortunately, our studies on the t:ffect of 
I 0% an<l 20% inoculum sizes, corresponding to initial values of 7.20x1 os and 
J.SxJ06 spores per ml of the medium were not conclusive. Continuous-flow 
glucoarnylase production at 30°C and pH S .5 using 20% solids level of substrate 
showed a decreasing volumetric activity of the culture filtrate with time, as shown 
in Figure 12. The results show that the mold exhibits metabolic instability during 
continuous-flow culture; hence, batch enzyme production is preferable. 

Partial purification data for glucoamylase using ethanol precipitation are 
presented in Figure 13 and Table S. A four-fold purification of the enzyme was 
obtained after precipitation of the 50-80% ethanol fraction. 111e solid enzyme 
preparation had high gravimetric and specific activities which are comparable with 
commercial liquid glucoarnylase preparations. 

Alplw-Arnylase Production 

The enzyme alpha-amylase is required for the initial dcxtrinization of starch 
prior to saccharification by glucoamylasc as shown in f<igure 2. This enzyme has 
been produced in our laboratory in an airlift fermenter using Bacillus subtilis NRRL 
341 l.. A simplified process of producing the enzyme was developed using as sub
strate a mixture of cassava root flour, rice bran, fish meal and soybean meal. Op
timal fermentation conditions of pH, temperature, aeration rate and fennentation 
time were determine<l in order to obtain maximal y ields of the enzyme. The enzyme 
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rigure 13. Total activity of glucoamylasc precipitated at varying ethanol concentrations. 

was then partially purified and concentrated and suitable stabilizing agents were 
added in order to produce stable liquid or solid enzyme preparations (EJ. de! 
Rosario and T .Y. Den, Phil. Patent Pcncling). 
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Table 5. Comparison of laboratory and commercial prt>parations ot' g h1rna mylase 

Glucoamylase 
Preparation 

Crude enzyme 
(culture filtrate) 

Pre1:ipitatc 
(50-80% ethanol 
fraction) 

SIGMA Amylo
glucosidase 
No. A-926~ 

NOVO Amylo
glucosidase 
200L 

Volumetric 
Activity 
(lli/ml) 

or Gravimem·c 
Activity 
(IU/g) 

] 30 

3,992 

1,44 3 

6,805 

Pro rein 
Concentration 

(111!:/nll 
or mg/g) 

9.3 

69.2 

57.7 

171.7 

Specific 
Activity 

(JU/mg protein) 

14.1 

57.7 

27.9 

39.6 
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Lydia Joson, Discussant 

The development of technology for the production of ceUulolytic and arny
lolytic enzymes is indeed of a vita] importance if the utilization of agricultural 
produce and wastes is to be maximized for conversion into energy, food, and 
chemical feedstu ff. The technology for the enzymatic hydrolysis or saccharification 
of starches ·and cellulosics has long been known but its industrial application has 
been hindered by the high cost of enzyme production. To reduce the cost , cheaper 
and more efficient production methods should be developed to make the process 
economically viable. The UPLB group of researchers under the able leadership of 
Dr. de! Rosario has been contributing greatly towards the development of enzyme 
and microbial technology in the country. 

In the development of microbial process or product for industrialization, 
many factors come into play which should be considered : 

I) Raw Materials 
The cost of raw materials usually constitutes about one-half to three-fourths 

of the cost of the product. The Philippines being a tropical agricultural country has 
an almost inexhaustible source of cheap raw materials. Dr. Swaminathan this 
morning mentioned the different methods of how agricultural residues could be 
processed into products of more economic value. Dr. del Rosario and his co
workers have developed a laboratory process for the production of enzymes using 
these same materials, which could be the basis for an industrial plant. These 
enzymes arc necessary for the processing of large bulk of cellulosics and starchy 
materials into liquid biofuel, food, and chemicals. 

2) Microorganisms 
Of course. the most important in the development of a microbiological 

process is the microorganism. ln the studies of Dr. del Rosario et al., cellulase was 
produced by several ccUulolytic fungi. The most active, however, was a local 
isolate of Penicillium using untreated bagasse as substrate. This is very advantageous 
for no pre-treatment is necessary which otherwise can add to the cost of produc
tion. The same result , that is cellulase production by Penici/lium, has been found by 
the group of researchers of the International Center of Cooperative Research and 
Development in Microbial Engineering in Japan. They found that Penicillium 
purpurogenum (Sasaki et al, 1983) could also produce cellulase more active than 
Trichodemza reesei. Trichoderma reesei, the well-known cellulolytic fungus, is 
noted fo r its high production o f a well-balanced cellulase complex required for the 
hydrolysis of crystalline cellulose. The enzyme system, however, is not sufficient to 
degrade native cellulose which the Pcnicil/ium of Dr. <lei Rosario could degrade. 
Other limitations of T. reesei enzymes are the weak beta-glucosidase activity; the 
need for inducers for enzyme production; the feed back inhibition of enzyme 
production by glucose; and its low yield. To remedy these deficiencies, strain 
improvement programs have been developed by two groups of researchers from the 
Quartermaster Laboratory of the U.S. Army Natick Research and Development and 
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from Rutgers University in New Jersey, as given by Dr. dcl Rosario. Through UV 
an<l nit rosoguanidine mutagencsis and of resistance to kabiddin, they were able to 
develop highly ac tive strains. Among these arc arc RUT NG-14 and RUT -C30 which 
arc 5 times more active than the mutant QM 9414 (Montenecourt et al., 1979); 
MCG 77 which can grow in glucose an<l o ther soluble substrates and produce high 
cellulasc complex after substrate exhaustion (Callo et al., I 978 ): and MCG 80 
which has lost its feed back inhibition Lo glucose and can utilize soluble substrates 
such as lactose and glucose (Allen and Andreott i. 1982). The proper choice o f 
microorganism as the Penicilliu111 of Dr. dcl Rosario is very important for the 
cconu111ic produdion of the enzyme. 

3. Method of Propagation 
There arc two general methods of propagating microorganisms for the 

production of enzymes: soli<l substra te fermentation allLI submerged aerated process. 
The met hod of choice depends on the type of mkroorga11ism i.nvolved. fi.lamencous 
fungi because uf their nature can be propagated by both methor.ls with success. bur 
not bacteria. As discussed by Dr. de! Rosario, the submerged aerated process is 
easier to control and can be easily scaled up to commercial production. fl is. how
ever. more capital intensive but less labor intensive than solid substrate fennenta
tion. 

The airlift fennentor developed by Dr. del Rosario which is much cheaper 
than the commercial ones is indeed a positive step towards the inJustrial produc· 
lion and utilization of these enzymes in the country. 1 would like to :tdd , however, 
that the National Institute of Science and Technology is also involved in the prodm.:
Lion of these enzymes. A systematic screening of soils for the presence of mesophilic 
and therrnophilic cellulolytic and amylolytic bacterial fungi is being undertaken. A 
technology has been developed for the production or glucoamylase by solid 
substrate fennentation using the same organism Aspergillus niger KRRL 3112. 
Yields of about 150 IU/gram of substrate (rice bran and cassava bagasse) have been 
obtained. Amylase production of Bacillus liche11iformi.1· I FO 1220 by submerged 
aerated process is being undertaken. 

Priscilla C. Sanchez, Discussant 

Developing countries like the Philippines would do well if they could harness 
nature's gift , that is the abundant renewable raw materials from plant biomass. 
Microbial conversions of transformations of th is important resource into goods, 
industrial and energy products could help greatly in improving the living condi
tions in these countries. 

The key to the hio-transformations and synthesis of new materials and 
compounds from plant biomass (the celluloses, starch and sugars) arc the micro
organisms and enzymes they produce. These biological catalysts (enzymes) hold the 
key to the full utilization of the abundant plant biomass around us. 
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Considerable advances have been made in the utiliz.ation of starches and 
sugars but much have to be done with cellulose which commonly abound with 
lignin in nat urc to form lignoccllulose. The only useful 111ca11s nf utilizing lignocel
lulose by bi()logical i:nnversion is to use it in growing mushrooms. 

Dr. dd lfosariu's work demonstrated the pussibilities of the production or 
enzymes for industrial use. Wc h;ive an abundance of raw materials for the pllrpose 
and we should proceed in the pilot production of these enzymes to Lest the eco
nomic feasibility. Similarly. local isolates of micrnorgan.isms must bt' si.:1eened. 
These local isolates arc more adapted to our conditions hence efficiency will be 
much hip.her. 

Hie isolates which Dr. drl Rosarin used (except f'llr l'enicillium) arc standard 
isolates from \>thcr rnuntries. Possibly. c11mparison of the efficiency Llt' these iso
lates done in other countries and the result or study should hav1.~ been made. This 
would nt least give us :in idea of how much more work mus( be d<1ne to have a full 
use or the technology. 

:\ow many ccllululytic fungi have been founJ for Cl1mmercial cellulose pro
duction suclt as Onon1ka (Kinki Yakult Co., Ltd.) rrom Triclwdt'mlll recsei (T. 
viride) and cell11losi11 (Ueda Chemical. Ltd .) from Aspergillus 11iger (C ANUZ ). Hut 
these arc not so active in the treatment nf ccJJulosc in higher temperature. and so 
i:cllululytic thermoph\lic fungi could play an activl' role in the decomposition of 
cellulose at higher lcrnpc1ature. Application of thcrmophilk microorganism in de
grading the abundant raw materials in the l'hilippilli.'S offer a solution in cfficicfllly 
utilizing these materials. 
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STUDIES ON THE BIOMETHANATION OF RICE STRAW 

Luis Z. Avila, Elizabeth C. Bugante and William G. Padolina 
Biotech. UP at Los Banos, College, Laguna, Philippines 

ABSTRACT 

The biomcthanation of rke straw which was subjected tu different pretreat 
mcnt modes and fortified with pig manure was studied. The volume and quality 
of the biogas produced were monitored as well as the changes in the composition 
of the substrate. 

111e anaerobic digestion of crop residues has been posed as an option towards 
the utilization of these lignocellulosic residues. At present, the farmer feels that the 
most practical way of using this resource is to return them to the soil. 

The amount of lignocellulosic crop residues generated in the Philippines 
annually is of significant volume and comes mainly from sugarcane bagasse, rice 
straw, rice husk and coconut husk. Table 1 and Table 2 show the volumes and 
compositions of their residues (Del Rosario, 1978). 

The figures show that as of 1975, the amount of rice straw produced was 5 
million tons. Thus the quantities are large and other uses for this residue must be 
explored. 

There is not much published work on the detailed analysis of the constituent<> 
of rice straw, but a representative analysis of the proximate composition of the 
straw IR-8 , a variety of rice, is shown in Table 3 . The organic portion of rice straw, 
especially cellulose and hemicellulose are potential substrates for microbial action. 
However, lignificalion, silicification and the highly crystalline structure of cdJulose 
reduce the biodegradability of rice straw. A proper understanding of the effects of 
these factors on the biomethanation of rice straw will allow the utilization of this 
crop residue in biogas production. 

Background Information 

Badger and co-workers (1979) have noted t11at all their test crops produced 
twice as much biogas as did cattle manure. Further studies on the feasibility of the 
biomethanation of crop residues have also been conducted by Clausen and co
workers (1 979). Boersma and co-workers (1981) noted the need to fortify crop 
residues with manure to in1prove the carbon: nitrogen ratio. 

The nature of cellulose, in association .,,,.ith lignin, pectins, tannins, etc. 
makes it difficult for microorganisms to degrade. Gaden (1 97 5) suggested that the 
degree of crystallinity and the extent of lignification of cellulosic materials deter
mine their accessibility to hydroly tic action. The presence of silica as another 

289 
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Table 1. Production estimates of some crop residue in the Philippines. 

Crop Residue 

Sugarcane bagasse 

Rice straw 

Rice hulls 

Coconut coir dust 

------·--- --
Source: Del Rosario (l 978) 

Amount Generated 
Million Mt/ Yr. 

5.3 

5 .0 

1.0 

2.1 

Table 2. Approximute composition of some l.ignoccllulosic materials. 

Material Cellulose Hemicellulose l.ignin 
% % % 

Sugarcane bagasse 40-50 20-30 18-20 

Rice straw and rice hulls 35-45 20 20-30 

Coconut coir dust 24.2 27.3 54.8 

Source: Del Rosario (l 978) 

Year 

1975 

1975 

1975 

1977 

Ash 
% 

4 

15-20 

6.2 

encrusti.ug substance furtl1er increases the indigestibility of the cellulosic material 
(Han, 1975). Rice straw has an extremely high silica content of up to 16.5%·ofits 
dry matter (Han, 1975). 

Thus, in order to improve the degradability of lignoccllulosics, various phy
sical and chemical pretreatment modes have been proposed (Han and Callihan, 
1974; McManus and Choung, 1976; Ghedalla and Miron, 1981). 

In view of the above-mentioned information, studies were conductea to 
determine the factors that influence the biomethanation of rice straw. 

Materials and Methods 

The experiment was conducted using the set-up in Fig. 1. Gas slides volwnes 
were measured by water displacement and the digester bottle wa!; shaken twice a 
day to allow for the mixing of the contents. 

pH was monitored using pH paper moistened with the fennentation medium. 
Gas quality was detennined using the flammability test and gas chromatographic 
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Table 3. Proximate composition or the rice straw from lR-8. 

Constituent Per cent 

Crude Protem 

Crude Fiber 

Crude Fat 

NFE 

3.21 

28.59 

3.10 

46.86 

18.24 

0.46 

0.14 

Total Ash 

Ca 
p 

Source: Mohammed and Ravi, 1969. 

analysis on a Shimadzu GC3B using a stainless steel column packed with 60/80 
mesh activated carbon and nitrogen as carrier. 

Volatile solids was determined using the standard AOAC methods and the 
analysis of rice straw by sequential fractionation was based on the l'nethod of 
Datta (1981) and shown on Fig. 2. 

The fermentor slurry was prepared using chopped rice straw (5 cm) and 
ground rice straw (40 mesh) mixed with the starter and enough water t o make up 
2.1 liters finaJ volume. 

The following chemical treatments were used: 

I . Sodium Hydroxide - Rice straw was soaked in 4% sodium hydroxide 
solution at room temperature for 4 hrs. Straw was washed until neutral 
with distilled water after soaking. 

2. Sodium hydroxide with neutralization using hydrochloric acid. After 
the alkali treatment period as in 1, excess alkali was neutralized with 
hydrochloric acid overnight and subsequently washed with distilled 
water. 

3. Ammonia - Rice straw was soaked in 0.1 ammonia water solution at 
room temperature for 20 days. Excess ammonia was washed off unW 
neutral. 

4 . Hydrochloric acid - Rice straw was soaked in 0.1 N hydrochloric acid 
for six hours at 60°C with constant stirring and subsequently washed 
with distilled water until neutral. 

5. Steaming - Premoistened rice straw was autoclaved at 15 psi for 1.5 hrs. 
6 . Coconut Coir Dust Ash Solution - Rice straw was soaked for 3 days 

at room temperature with coconut coir dust ash solution at varying 
concentrations and washed with distilled water until neutral. 
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Figure 2. Biodigester set-up. 

Discussion of Results 

Ground rice straw ( 40 mesh) proved to be a better substrate than chopped 
rice straw (5 ems). 

The results arc summarized in Tables 4-10. The different treatments had 
various effects in the removal of the dry matter contents of rice straw. The treat
ment using bases showed an average weight loss of between 33% and 39%. Negli
gible changes were observed with the steam treated samples. Major losses in the 
water soluble fractions were also observed using the base treatments. Likewise, the 
bases were able to extract more henticelluloses than hydrochloric acid. 

The lignin portion of the rice straw was effectively removed by the bases. The 
cellulose fraction seem to be the least susceptible to loss during chemical treatment. 

The silica content could be lowered by about 75% using the bases. 
It has been shown that after 70 days of fem1entation, only 50% of the volatile 

solids has been converted to biogas. 
Chemical treatment of rice straw before fermentation showed varying degrees 

of improvement except for the hydrochloric and sodium hydroxide enhanced 
biogas production and shortened the active growth phase, but treatment with 
ammonia and hydrochloric acid even slowed down gas production within the first 
two weeks. 

Methane concentrations in the different treatments range from 49% to 75% 
as the fermentation progressed. Fluctuations were observed during the first 30 days, 
the methane levels becoming more stable after the first month. High levels of 
methane were observed in both the neutralized and unneutralized sodium hydro-
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Table 4. Average values of';:f. volatile solids and % ash of control and treated rice straw. 

Rice Straw (5 cm) 

Ground Rice Straw 

Treated Ground Rice Straw 

Na OH 

NH3 
NaOH-HCl 

HCI 

Steam Pressure 

% Volatile Solid~ 

77.49 

77.5 

73.95 

74.82 

74.65 

75.90 

77.57 

Tablo 5. Ashfrec values of the different components of rice straw using 
fractionation method of a.nalysis. 

Treatment % WoTer Solubles % llemi-Cellulose % Cellulose 

Ground Rice Straw 16.5 1 16.39 34.45 

Treated Ground Rice Strn.w 

NaOH 5.76 7.04 30.95 

NH3 7.50 8.55 31.04 

NaOH-HCl 8.44 7.00 30.82 

HCl 10.66 8.36 32.98 

Steam Pressure 16.81 16.29 34.25 

% Ash 

22.51 

22.47 

26.05 

25.J 8 

25.35 

24.10 

22.44 

% Lignin 

10 .18 

L63 

2.:n 

1.68 

9.93 

10.2 1 

xide treatments from 16-32 days of fennentation giving methane levels above 70%. 
Both the hydrochloric acid and steam treatment did not improve gas quality com
pared to untreated ground rice straw and untreated chopped straw. 

The flame tests showed bluish luminous color whose persistence was propor
tional to the rate ofbiogas production. 

Regression analysis shows that gas production is enhanced by the levels of 
water solubles, hcmicelluloses and cellulose contents and inhibited by lignin and 
alkali soluble silica contents. This confirms findings of other workers. 

Preliminary results using coconut coir dust ash as an indigenous source of 
alkaline material shows very encouraging results with cwnulative gas volumes of 
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Table 6. Ash analysis of treated and control rice straw after ignition at 550°C. 

Treo.tment % Sand % Alkali Soluble Silica 

Ground Rice Straw 

Treated Rice Straw 

NaOH 

Nll3 
NaOH-HCI 

HC'l 

S teaill PreS$U re 

75.07 

88.90 

86.45 

88.02 

78.68 

75.18 

10.15 

2.63 

2.83 

2.82 

10.62 

I O.l 2 

Table 7. Percentage of the volatile solids converted to biogas (Trial 1). 

Treatment Day 7 Day 14 Day 21 Day28 Day36 

Rice Straw 8.75 19.59 25.42 28.19 31.57 

Ground Rice Straw 16.82 27.64 32.95 37.10 40.70 

Treated Rice Straw 

Na Oil 36.02 49.20 51.69 52.76 54.12 

NH3 16.97 43.43 49.65 51.70 52.64 

NAOH-HCl 29.96 48.00 51.69 53.92 54.89 

HCJ 5.60 13.60 22.45 33.89 39.14 

Steam Pressure 22.38 30,!P 35.92 37.67 40.48 

Day 70 

35.96 

48.57 

55.58 

55.26 

57.45 

45.85 

46.35 

400 liters at 67 days fennentation time and methane levels of up to 69% at three 
weeks fermentation tlme. 

Detailed investigations are being undertaken to understand t!rn reasons for 
the above-mentioned trends and observations. Likewise, a search for indigenous 
sources of treatment schemes is being undertaken. This is crucial for the technology 
to be moved to the countryside. 
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Table 8. Cumula tive gas production (liters per kg. dry matter) for each treatment . 

DAYS 
TREATMENT 3 6 15 21 28 36 70 

Rice Straw (5 cm) 12 50 143 174 192 216 246 
Ground Rice Straw (40 mesh) 53 96 200 225 254 278 332 

Treated Rice Straw 

Na OH 82 164 244 252 257 264 271 
NH3 19 56 230 254 265 270 283 
NaOH-HCI 21 119 246 260 27 1 276 289 
II Cl 10 25 91 132 200 23 1 270 

Steam Pressure 75 143 218 245 257 276 31G 
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Table 9. Concentration of the biogas produced in trial 2 (in % h~· volume methane) 

DAYS 
TREATMEN T 5 8 12 15 19 22 26 JJ 36 40 43 48 54 63 69 :;l 

"' 
Ground Rice Straw 56.80 49.90 5 1.52 57.74 52.47 5l.82 52.20 54.28 54.26 55.3 1 54.19 53.88 58.52 

:I 
~ 

54.73 56.47 
n 
§· 

Rice Straw 60.68 54.31 53.08 58.51 55.22 49.90 49.75 51.66 55.83 51.84 52.21 53.14 60.40 56.95 56.28 :I 

"' z 
"' 

Treated Rice Straw 
c;· 
:I e. 
> 

NaOH 49.95 48.59 47.07 50.09 64.26 74.69 73.59 70.43 60.90 511.81 58.48 57.10 56.33 57.96 65.07 £ 
Q. 

"" NH3 50.22 47.24 50.15 55.16 70.49 63.74 65.41 63.67 62.04 59.08 59.43 56.32 58.44 60.11 59.55 3 
'< 

NaOH-HCI 44.37 50.01 56.79 51.55 73.84 76.71 70.50 70.70 64.40 61.79 60.22 61.08 65.17 65.89 66.23 0 .., 
HCI 55.07 61.26 55.49 55.39 56.60 47.2 1 50.96 54.20 ~3.78 53.61 53.69 55.02 57.83 58.48 57.40 vi 

n ;;;· 
Steam Pressuni 53.16 56.10 60.77 55.46 52.66 50.76 53.00 56.31 57.46 53.12 55.76 55.52 53.93 53.52 53.13 :I 

g 



Table I 0. Mean cumulative vo!um~ of gas produced an.<l gas chromatographic analysis of pretreated rice straw. 

GAS COMPOSITION 
C.~S VOLUME DAYS 

TREA7'MENT (!/kg. DRY MATTER) 9 16 
%CH4 %C02 3CH4 %C02 

-----· 
6% Coir Dust Ash 398 54 46 57 43 

9% Coir Oust Ash 413 54 46 60 40 
12% Coir Dust Ash 353 54 46 61 39 

15% Coir Dust Ash 430 50 :50 68 32 

Control 311 56 44 51 49 

23 

%CH4 %C02 

58 42 

5 1 49 

59 41 

69 31 

64 36 
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Julian A. Banzon, Discussant 

TI1is study on biomethanation of rice straw is probably the only lengthy 
Philippine contribution on the subject so far. The authors have taken advantage of 
the much-studied caustic soda treatment of straw to increase digestibility of the 
straw for animal feeding. 

Anaerobic digestion of waste biomass resulting in methane-rich biogas is one 
of the ways to meet the petroleum fuel problem. This gas serves to replace LPG in 
the kitchen: in N.Z., methane is separated from CQ:2 (as both occurs in biogas) 
and the CH4 is compressed and corrunercially used to rnn taxi cabs, cars and 
tractors. The potential purefulness of straw as a source of a very versatile fuel is 
thus obvious. A little over I /2 of the biomass of the mature rice plant consists of 
straw, the grain comprise the remainder, hence the magnitude of the available rice 
straw for lliomethane prucc<lure while the experiments reported are in the labora· 
tory stage where costs may be of secondary importance, experimenters however 
should keep a sharp eye on keeping procedures simple and inexpensive. if the Jab 
results are any nearer to succeed in field trials. Water has become a very precious 
and scarce comrnndity in most any plucc; distilled water should be mentioned most 
prudently. 

Some in formation relevant to the subject. of biometh;ination was discussed in 
an Australian-Asian Symposium on utilization of fibrous materials last May 1981 
and which was held in the UPLB Campus; it appears that the authors missed this 
symposium. 

Summing up, the authors deserve congratulation for pioneering in this area ol" 
straw Ulilization via biornct.hauation. 

Romeo V. Alicbusan, Discussant 

When the parer w;is submitted to me for review it is the first time that .l have 
read such ki11d uf w•.>rk that discussed in details some studies in the bioconversiot1 
,,, rite> straw t(• nwthane. 111erc are S\lmt' publications from other c~n•ntries ynu C~H 
comi: :iu0s5 but these ar•~ more of :i passing reference rather than ll detailt'd report 
•,m wha1 happens willt the rice strnw as it produces the biogas. how much amount is 
needed, what kind ,1f pre-treatmcni must be <lone. 1l1erc is no such study !;efcre 
and sc) lhis work is very pioneering as far as the magnitude and the nature of the 
rc~eari.:h is cum:crncd. In a way that 1!1is is going it is answering tlie question why 

rather than the hc1w. Th~ study. however. should be geared towards rural adapta
tion taking into consideration the economic situation of the pwplc. I think the 
simplest way by which we can adopt the technology i& to make it more practical 
yet effaiem. It may 1)Jlly be 50% efficient but if easier and cheaper to make people 
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will accept it. I would say that mayi>e in the years to come when a lot of these 
uncertainties about rice straw conversion to methane has been resolved, the Biotech 
Institute will go down to the level of simplifying the procedure of methane produc
tion so that it will be highly adaptable for rural communities. Hand in hand with 
this development, I think engineering study must be done so that the digester could 
be adapted to the kind of raw material that it is going to receive. l11e report of Dr. 
Padolina is something that has look beyond the objectives. I am recommending that 
you stu<ly the microbiological aspect especially the anaerobes. I know that Dr. Barril 
studied quite extensively in Australia on this aspect and probably his expertise 
could be tapped. Methane generation can be done only with appropriate raw mate· 
rials and the microorganisms under favorable conditions. 
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