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MULTI-ADVERSITY RESISTANCE BREEDING 

PROCEDURE IN COTTON IN THE PHILIPPINES 

Rodolfo P. Cabangbang 
College of Agriculture, University of the Philippines at Los Ballas 

ABSTRACT 

The rapid accumulation of genes that condition multi-adversity resistance 

is made possible through sequential selection pressures exerted in several stages 

of the crop from seed to maturity and retaining only the superior individuals in 
each stage. 

The selection criteria for seeds are size and density while deterioration and 

velocity are used in the germination stage. For seedlings, the criteria are damping

off and nematode resistance. On the other hand, aphid and leafhopper tolerance 

are selected for in the vegetative stage and bollworm and flowerweevil tolerance 
at flowering and bolling stages. Hairiness and nectariless characteristics are also 

selected for including high number and weight of bolls per plant and high lint 

recovery. 

Introduction 

Improved crop varieties are a key to progressive agriculture. Substantial 
improvements in seedcotton yield, resistance to pests, fiber quality and utilization 
of the cotton seed for animal feed and human consumption can be attained through 
skillful manipulation of cotton genotypes. 

The Philippines benefits from the experiences of cotton-producing countries 
especially on insect and disease control researches. The unfortunate consequence 
of depending almost entirely to chemical pest control prior to the 70's has spurred 
new research directions in cotton pest control. Host-plant resistance to cotton in
sects and diseases is now in advanced stages of development in some countries. The 
following characters are important in pest control and can be incorporated in our 
varieties: 

L Nectariless (absence of nectar-producing glands). In Mississippi, this 
character was found to account for about 60% reduction of plant bugs 
and Heliothis sp. in c0tton. 

2. Hairiness - a coat of long hairs on the surface of the leaves prevents 
damage due to leafhoppers (Hautea, 1980; Toledo, 1980). 

3. Deciduous bract (bract falls off after boll formation). This character 
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appears important in controlling boll rot and more importantly helps 
in controlling the lung disease (byssinosis) of cotton mill workers. 

Procedure in Breeding for Multi-Adversity Resistance (MAR) 

The main objective of the technique is to select cotton genotypes that possess 
multi-adversity resistance by exposing the selection population to a series of selec
tion pressures throughout the growing cycle of the plant. The procedure is effective 
and efficient in screening large number of genotypes in a short time to be of good 
value to cotton plant breeding. TI1e procedure involves exerting selection pressures 
on the different stages of the crop (from seed germination to maturity) and retain
ing only those superior individuals which give resistance and escape from adversities. 

Advanced generation crosses either heterozygous-heterogenous (F2, F3, etc.) 
and heterogenous-heterozygous population as well as established cultivars are sub
jected to the program. The following diagram briefly illustrates the multi-adversity 
breeding procedure: 

PLANT STAGES 

Maturity Stage 

Post-harvest Stage 

SELECTION PRESSURE 

Seed Density 

Seed Size 

Deterioration 

Velocity of germination 

Damping-off, nematodes 

Damping-off 

aphids 

leafhoppers 

Bollworm, flowerweevils 

Agronomic characters: 

a. nectariless 

b. hairiness 

Number of bolls/plant 

Weight per boll 

Lint percentage 
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Figure 1. Cotton seeds are delinted in sulfuric acid solution before they are sorted wherein only 
large, dense and fully-developed seeds are selected. 

Each stage of plant growth is subjected to adversities from the seed stage to 
the post-harvest stage. 

Seed Stage 

At this stage, seeds are bulked resulting to a mixture of mature, immature and 
insect-infested seeds. However, a simple selection based on seed density and 
seed size is made. These are indices of survivability and field performance of plants. 
Cotton seeds are delinted in sulfuric acid solution, washed thoroughly in running 
water and then dried. Delinted seeds are sorted, selecting only large, dense and fully 
developed seeds. Sorting of seeds could either be done manually or by using the 
flotation method. 

Large, dense and fully developed seeds have been shown to be able to tolerate 
seedrot and damping-off, tend to grow faster and become more vigorous and early 
maturing (Cabangbang, 1978). Dense or heavy seeds are believed to be of high 
quality since the cotyledons that constitute the large position of tire seed is respon
sible for their being heavy or light. Seeds that do not reach full development before 
harvest are immature, hence cotyledons that do not reach full development, when 
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Table 1. Comparative performance of seeds at different germination velocities (UPLB-PCARR Project 14 7, 197 5-79). 

� ., 
Gennination Seed-rot Damping- Abnormal Discarded Plants Early Plant Boll Lint ::l � '" 
velocity and mold off plants plants selected maturing height diameter (%) � 
(Days after infection infectinn (%) (%) (%) plants (%) (em) c;· 

� 
germination) (%) (%) (%) z 

'" 
s· 

2 10.4 4.2 22.1 44.9 35.0 55. 0 79.58 3.27 36.16 
::l 
� 

3 4.7 3.8 31.9 40.7 60.5 41.10 83.37 3.31 33.95 > 
4 10.5 3.7 41.3 50.3 49.7 45.83 83.32 3.30 35.75 

() "' 
0. 

5 8.9 4.5 35.3 47.4 52.5 33.26 79.65 3.30 36.02 (1) 
3 

6 15.1 3.2 26.1 42.4 57.4 22.03 77.60 3.18 36.41 '< 

7 34.1 4.1 20.5 56.1 43.8 22.03 72.89 3.11 34.85 
0 ...., 
[/J 

8 54.0 3.5 23.13 79.13 20.3 74.58 3.31 25.75 () (i)' ::l () 
MEAN 19.67 3.8 28.6 51.6 45.6 36.5 78.7 3.25 35.55 

(1) 
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Figure 2. Seedlings from rapidly germinating seeds are selected and transplanted in plastic cups. 

dried, shrink. The air spaces in the seeds are believed to be responsible for the float
ing of seeds when put in water separating them from "full" seeds that sink to the 
bottom. The seeds that float are categorized as light seeds and are discarded. 

Gennination Stage 

Selection at this stage is based on deterioration resistance and fast germinability. 
At this stage, selected seeds from the different entries are germinated in flat trays 
moistened with pond water covered with moistened materials, e.g. newspaper, 
provided with an aerobic condition. Pond water encourages seed rot and mold 
infection. Seeds that do not deteriorate and those that germinate faster are selected. 
On the other hand, seeds that deteriorate or those that are slow to germinat� pro
long the period at which they are attacked by microorganisms thus killing them 
before they can establish themselves into full seedlings. Consequently, those seeds 
that germinate earlier can benefit from the moisture available in the J:leld at plant
ing time. Studies at UPLB-CA (Cabangbang et a!., 1978; Mateo, 1981 ), on the 
correlation of resistance to deterioration and germination velocity of seeds to some 
agronomic features gave evidence to support the soundness of the selection criteria 
(Table 1). 
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Table 2. Summary of performance of cotton strains subjected to MAR procedure (1979). 

Set No. 

1 
2 

3 
4 

5 

Total 

Weight of 
seeds selected 

(g) 

260 
348 

360 

245 

193 

1,406 

Number of plants Number of plants 
transferred to cups transformed to 

pots/seed flats 

818 

891 129 

1,178 12 

1,076 133 

387 51 

4,350 325 

Only those seeds which germinated rapidly within 34 days from sowing and 

without mold infection are selected and consequently transplanted in plastic cups. 

Seedling Stage 

In many cases, seeds may have a germination percentage of 90% and above. 

However, actual emergence in the field with normal planting conditions will some

times be 50% or less. Almost always, the seeds germinate but fail to emerge or 

develop into healthy seedlings. It is the purpose of selecting genotypes that can 
tolerate seedling diseases to correct this anomaly. 

Aside from the effects of extreme fluctuation of moisture supply at planting 

time, seedling diseases such as seed rot, pre-and post-emergence damping-off and 

root rot result in reduced field stand. These diseases are caused by a number of 
fungal and nematode species. The screening procedure against the two pests could 

be carried out most conveniently and effectively by combining the two organisms 

in the same media. Seeds are sown in plastic cups infected with Sclerotium rolfsii 

and Potylenohulus reniformis. The interaction between nematode and damping
off organisms is a significant phenomenon in this procedure. The presence of nema· 

todes increases the susceptibility of cotton plants to fungal infections by providing 

infection points for the fungi. 

After a period of approximately one month on this selection pressure, five 

individuals with vigorous and disease-free seedlings or genotypes that are resistant 

to or can tolerate infection are selected for the next stage of selection pressure. 

Vegetative Stage 

The selection pressure applied at this stage is confined to sucking insects that 

greatly affect plant performance. Among the common insects found at this stage 

are aphids, leatnoppers, thrips and defoliators. The screening consists of rearing 
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rigure 3. Genotypes that can tolerate seedling diseases like seed-rot, damping-off and root-rot, 
are selected for at the seedling stage. 



00 

Table 3. Performance of MAR selections tested in 2 locations (1979). 
>-l 

§ "' 
College, Laguna San Juan, flocos Sur ., (') ;:!. 0 ::s 

Entry Plant Weight Seedcotton Lint Plant Weight Seedcotton Lint "' 
z 

height per boll yield recovery height per boll yield recovery � 
(em) (em) (kg/ha) (%) (em) (em) (kg/ha) (%) c;· 

::s 
e. 

103.5ab 5.07a 2124.24a 33.97a 64.9b 4.64b 1372. 75a 36.53a > 
MAR-67 (') ., 

5.37ab 73.0ab 38.92ab � 
MAR-68 133.7a 1740.65a 35.99a 5.43a 1290.96a "' 

3 
98.5b 

5.39ab 2368. l lab 34.62a 66.9b 4.79a 1490.74a 35.72b '< 
MAR-72 0 .., 
MAR-82 104.0ab 5.65a 2229.26a 36.02a •79.0a 5.02a 1468.35a 40.55a Vl 

(') ,.. 
::s (') "' 

Means followed by the same letter(s) are not significantly different from each other. 
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Figure 4. Disease-free seedlings are selected and transferred to pots for the next stage of selection 
pressure. 

a large number of the three insect species and infesting the seedlings one after the 
other. When natural infestation of any one of the three insect species is heavy, 
artificial infestation is discontinued. 

Maturity Stage 

Selection for morphological features as well as resistance to insects attacking 
the flower, squares, bolls and other parts is accomplished at this stage. These agro
nomic characters include nectariless, and hairiness. 

The nectariless character of the plant refers to the absence of gland which 
produces the nectar that serves as an attractant. Nectaries are also major sources 
of food, primarily sucrose, for several types of moths. 

This character has been reported to provide beneficial levels of resistance to 
plant bugs (Lygus lineolaris), cotton leafhopper (Predatomoscelis sireatus) and pink 
bollworm (Pectinophora gossypiella). Boll rot organism has been reported to enter 
through extrafloral flower and boll nectaries; thus, nectariless cotton has reduced 
boll rotting (Shepherd, 1982). 

The screening procedure for bollworm and flowerweevil resistance is quite 
flexible since a number of techniques could be employed. These include mass 
rearing and artificially infesting the insect pests and/or subjecting the plants to 
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Table 4. Mean performance of different cotton varieties in Manaoag, Pangasinan and College, 
Laguna (Advanced Trial, 1982-81). 

Plant Weight Seed cotton Lint 
Entry height per boll yield percentage 

(em) (g) (kg/ha.) 

Delta pine 
16 (L) 76.9 4.41 994.2 37.5 

Ace. 005 72.0 4.43 877.6 37.7 
085 78.0 4.07 961.0 36.6 
111 75.4 4.38 1020.0 37.2 
142 82.2 3.64 907.1 33.1 
161 73.4 4.56 994.3 39.1 
162 79.2 4.43 948.9 38.2 
164 79.3 4.42 958.9 35.4 
385 76.7 4.61 956.7 35.8 

MAR-67 92.0 4.69 898.3 35.3 
MAR-72 93.0 4.43 916.8 33.9 
MAR-82 91.2 4.74 780.9 37.7 

Table 5. Mean performance of cotton varieties in College, Laguna: Victoria, Tar lac and Polo-
molok, South Cotabato (Advanced Trial, 1981-82). 

Plant Average Seedcotton Lint 
Entry height weight yield percentage 

(em) per boll (kg/ha.) 
(g) 

Batac 1 80.8 4.3 1580.2 37.9 
Deltapine 

16(L) 83.6 4.4 1379.5 39.0 
Ace. 001 80.2 4.5 1404.1 36.7 
MAR-67 92.2 4.5 1170.9 33.8 
MAR-72 103.2 4.6 1395.9 35.5 
Ace. 157 90.8 4.3 1412.0 38.6 

394 87.9 5.1 1619.2 36.6 
396 71.1 4.2 1659.7 38.8 

natural infestation. Growing alternate hosts including susceptible cotton varieties 
earlier to increase insect population level in time for the selection population is also 
a convenient method. The problem with this procedure, however, is the com
plication brought about by the infestation of other insect pests which could not be 
controlled without killing bollworm or flowerweevil. 
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Table 4. Mean performance of different cotton varieties in Manaoag, Pangasinan and College, 
Laguna (Advanced Trial, 1982-81). 

Plant Weight Seedcotton Lint 
Entry height per boll yield percentage 

(em} (g) (kg/ha.) 

Deltapine 
16 (L) 76.9 4.41 994.2 37.5 

Ace. 005 72.0 4.43 877.6 37.7 
085 78.0 4.07 961.0 36.6 
111 75.4 4.38 1020.0 37.2 
142 82.2 3.64 907.1 33.1 
161 73.4 4.56 994.3 39.1 
162 79.2 4.43 948.9 38.2 
164 79.3 4.42 958,9 35.4 
385 76.7 4.61 956.7 35.8 

MAR-67 92.0 4.69 898.3 35.3 
MAR-72 93,0 4.43 916.8 33.9 
MAR-82 91.2 4.74 780.9 37.7 

Table 5. Mean performance of cotton varieties in College, Laguna: Victoria, Tarlac and Polo· 
molok, South Cotabato (Advanced Trial, 1 981-82). 

Plant Average Seedcotton Lint 
Entry height weight vield percentage 

(em} per boll (kg/ha.) 
(g) 

Batac 1 80.8 4.3 1580.2 37.9 
Delta pine 

16(L) 83.6 4.4 1379.5 39.0 
Ace. 001 80.2 4.5 1404.1 36.7 
MAR-67 92.2 4.5 1170.9 33,8 
MAR-72 103.2 4.6 1395.9 35.5 
Ace. 157 90.8 4.3 1412.0 38.6 

394 87.9 5.1 1 619.2 36.6 
396 71.1 4.2 1659.7 38.8 

natural infestation. Growing alternate hosts including susceptible cotton varieties 

earlier to increase insect population level in time for the selection population is also 

a convenient method. The problem with this procedure, however, is the com

plication brought about by the infestation of other insect pests which could not be 

controlled without killing bollworm or flowerweevil. 



Cabangbang, MAR Breeding in Cotton 11 

Figure 5. The selection pressure applied at the vegetative stage is confined to sucking insects that 
greatly affect plant performance. 
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Table 6. Performance of cotton accessions in the 1982-83 preliminary trial at College, Laguna. 

Plant Number of Seed cotton Lint 
Entry height bolls per yield recovery 

(em) plant (kg&ha.) (!) 

UPL-C1 124.09 5.29 1490.8 39.20 

UPL-C2 107.00 5.42 1693.4 38.54 

Delta pine 

16(A) 120.33 6.36 1862.5 39.28 

A ce. 431 140.67 9.25 1882.2 39.66 

432 131.33 7.81 1829.7 41.97 

436 118.67 7.79 1807.8 40.16 

437 100.50 7.19 2135.7 40.63 

438 110.00 6.65 1984.1 39.90 

439 135.80 5.11 1514.6 39.57 

454 154.00 8.97 1641.0 34.03 

459 131.00 6.95 1876.4 36.71 

MAR-5 117.00 5.09 1234.6 36.72 

6 111.67 6.66 1472.1 39.22 

7 100.33 6.33 1517.9 38.28 

8 105.33 7.73 1505.1 33.74 

9 112.00 7.30 1715.3 37.86 

10 120.33 6.73 1679.0 34.24 

11 122.33 9.40 2380.5 39.51 

12 132.33 5.82 1585.9 35.60 

Table 7. Fiber properties of cotton ac cess ions in College, Laguna (Prelim inary Trial, 1982-83). 

Staple Fineness Tensile Fiber 
Entry length (ug/in) strength matudty 

(mm) (psi) (%) 

UPL-C1 29.0 4.3 77,528 85.0 
UPL-C2 29.0 4.4 81,871 88.0 
De!tapine 

16(A) 29.5 4.1 73,657 86.5 
A ce. 431 27.5 3.9 70,577 79.0 

432 26.6 4.4 74,941 88.0 
436 29.1 4.1 73,277 84.0 

437 29.2 4.2 72,669 86.0 
438 29.2 3.4 73,123 77.0 

439 29.3 4.1 83,342 87.0 
454 28.3 4.3 78,848 88.5 
459 29.0 4,2 82,364 86.5 
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Tab le 7 continued 

Staple 
Fineness 

Tensile Fiber 
Entry length (ug/in) 

strength maturity 
(mm) (psi) (%) 

MAR-S 27.3 4.3 84,620 92.5 
6 28.7 4.1 74,789 80.0 
7 28.8 4.3 74,864 85.0 
8 26.3 4.7 72,467 81.5 
9 28.6 4.3 74,701 82.5 

10 26.7 4.5 70,597 85.0 
11 25.3 4.8 76,785 87.0 
12 27.5 4.2 74,277 87.5 

Table 8. Performance of cotton varieties entered into the Advanced Trial in three locations 
(1982-83). 

Plant Number of Seedcotton Lint 
Location Entry height bolls per yield recovery 

(em) plant (kg/ha.) (%) 

College, 
Laguna UPL-C1 93.46 7.29 2021.8 41.30 

UPL-C2 89.60 6.05 1902.7 38.45 
Delta pine 

16(A) 106.53 7.22 2016.4 38.62 
Ace. 043 96.13 6.04 2133.0 36.35 

184 94.67 5.09 1754.6 36.90 
MAR-l 109.14 4.36 1669.9 36.63 
MAR-3 125. 78 4.21 1529.3 34.39 

San Juan, 
llocos S ur UPL-Cl 88.20 6.70 2481.0 40.90 

UPL-C2 88.40 7.80 3014.0 37.20 
Deltapine 

16(A) 102.20 6.70 2926.0 33.30 
Ace. 043 94.50 6.80 3061.0 35.50 

184 78.10 5.90 2220.0 36.40 
MAR-l 118.80 4.90 2252.0 40.50 
MAR-3 127.00 4.40 1911.0 36.30 

Po1omolok, 
South 
Cotobato UPL-Cl 102.00 9.50 1900.0 41.10 

UPL-C2 79.90 8.60 2020.0 41.50 
Deltapine 

16(A) 107.00 8.60 2320.0 41.60 
Ace. 043 101.20 8.90 2110.0 39.60 

184 93.80 7.40 2060.0 37.80 
MAR-l 109.10 6.40 2220.0 41.00 
MAR-3 120.10 7.70 1750.0 39.20 
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Table 9. Fiber properties of cotton accessions tested in 3 locations (Advanced Trial, 1982-83). 

Staple Fineness Tensile Fiber 
Location Entry length (ug/in) strength maturity 

(mm) (psi) (%) 

College, 
Laguna UPL-Cl 28.6 4,10 75,378 85 

UPL-C2 28.7 4.60 84,713 91 

Deltapine 
16(A) 28.9 4.00 74,154 83 

Ace. 043 28.1 4,00 81,603 84 

184 26.5 4.20 65,883 79 

MAR-l 26.3 4.00 78,258 85 

MAR-3 28.2 3.90 78,999 85 

San Juan, 
Ilocos Sur UPL.C1 25.6 5.05 80,305 89 

UPL.C2 28.4 4.36 88,069 87 

Delta pine 

16(A) 25.1 5.07 76,939 94 

Ace. 043 25.4 4.56 84,639 88 

184 24.3 4.29 69,249 78 

MAR-l 25.3 4.28 81,361 86 

MAR-3 25.5 4.47 86.014 89 

Polomolok, 

South 
Cotobato UPL-Cl 26.6 3.16 74,498 67 

UPL.C2 27.8 3.94 81,041 78 

Deltapine 

16(A) 27.5 4.40 69,421 78 

Ace. 043 26.0 3.21 74,324 67 

184 26.1 2.90 68,661 54 

MAR-l 27.3 4.12 84,452 80 

MAR-3 26.4 3.68 76,177 77 

Post-Ha111est Stage 

Seeds of plants possessing desirable characters are collected for the preli-
minary trial. Yield components such as number of bolls per plant, weight of bolls 
per plant, lint percentage and other necessary components are determined and 

serve as bases for selection. 

a. Number of bolls per plant. Inasmuch as the plant had been subjected 
to similar stress condition, it is assumed that individual plants with 
more bolls have higher yield potentials than those with lesser number 

of bolls. 
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Figure 6. At the maturity stage, selection for morphological features as well as resistance to 
insects attacking the f lower, squares, bolls and other parts is done. 

Figure 7. Selected strains are entered into variety trials in different locations to obtain additional 
information on their resistance and agronomic characteristics. 
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b. 

c. 
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Average weight per boll. Assuming the same number of bolls, plants 
with heavier boll will have higher yield potential than those with lighter 
bolls. 
Lint percentage. Cultivars with high lint percentage is highly desired 
since quality and quantity of lint harvested determine varietal potential. 
Usually, lint recovery from the farm is about one-third of seedcotton 
harvested. 

Varietal Trillls 

The performance of four (4 ) cotton strains subjected to the MAR procedure 
in 1979 is indicated in Table 2. In the same year four (4) selections from a previous 
MAR test were entered into the preliminary test in College, Laguna and San Juan, 
llocos Sur. Table 3 indicates the results of the test. Three of these varieties were 
carried on to the Advanced Trial at Manaoag, Pangasinan and College, Laguna in 
1980 (Table 4). The Advanced Trial of 1981-82 again included two MAR selections 
(Table 5). This was conducted in three (3) locations: College, Laguna; Victoria, 
Tarlac and Polomolok, SoutJl Cotobato. During the 1982-83 cropping season, other 
MAR selections were entered into the preliminary (Tables 6 and 7) and advanced 
(Table 8 and -9) tests. These include the fiber properties of the cotton strains tested. 

Conclusion 

The MAR procedure should be a standard breeding technique for multi
adversity resistance. Subjecting the plants to a succession of pressure from seed 
stage to harvest stage should yield an improved population. The replicated yield 
trials are expected to give additional information for a more reliable index of resis
tance and agronomic characteristics. 
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M.M. l..antin, Discussant 

A crop breeding program is usually aimed at improving not only one but 
several traits that determine the total worth of a cultivar. In addition to yield and 
quality, traits being improved include production stabilizing attributes such as 
resistance to insect pests, diseases and environmental conditions that adversely 
affect crop productivity. Cotton is a host to a variety of pathogens and insect 
pests. It is one of the world's important crops that is grown under the protection 
of large amounts of pesticides. Genetic resistance to pests is obviously desirable 
and it is always a major objective of the total breeding effort for this crop. 

Multi-adversity resistance (MAR) is a common goal of most crop breeding 
programs. Differences, however, exist in the basic strategies used in accomplishing 
this objective. The cotton breeding program at the Institute of Plant Breeding 
adopts a scheme wherein sequential selection pressures are imposed at various 
stages of the crop (during which the different adversities occur) from seed to matu
rity. It is an integrated and fairly comprehensive procedure that systematically 
combines screening for resistance to insect pests and diseases with selection for 
good seedling vigor and high yield. However, this same feature basically charac
terizes all multiple-trait selection schemes. So how does the MAR breeding pro
cedure as described in the paper differ from the other schemes? What are the limi
tations of such a selection system? Under what conditions could we expect it to 
be successful? 

The MAR breeding procedure is what one may call an "ali-or-nothing" kind 
of selection system. If a particular genotype fails to pass the seed or seedling stage 
screenings then �t is discarded and not exposed anymore to other adversities in 
later stages of growth. The high selection pressure imposed in the early stages 
usually results in the elimination of large fraction of the population being screened. 
The number is further reduced in subsequent stages and oftentimes, the breeder is 
left with very few genotypes even before the maturity stage. It may then turn 
out that the surviving few would not be acceptable because of low yield rating as 
indicated by the different yield components. This tandem method of improvement 
differs from the more common independent cuiling scheme where each genotype 
being evaluated has complete data on the traits which are being improved simul
taneously. The breeder discards or retains a genotype on the basis of minimum 
scores set for the different traits. Such breeding procedure recognizes the possible 
inverse relationships that may exist among traits. In such cases, the breeder may 
choose to give higher weights to more important traits. For example, the breeder 
would probably save a genotype that yields 4 tons per hectare even if it has a rela
tively lower level of resistance to a disease. Combining the traits in an index which 
becomes the sole selection criterion could even lead to faster pro�ress. 

Progress in plant breeding, however, is not solely dependerlt on the selection 
procedures or the means through which the desired genotype is isolated from the 
source population. The nature of the breeding population itself plays an equally 
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important, if not a more dominant, role. No amount of selection effort would 
result to the desired type if, to start with, the genes are not present in the source 
population. The key to the successful development of the target genotype through 
MAR breeding procedure or any multiple-trait selection scheme is the creation of a 
broad-based gene pool which has all the genes controlling the desired traits. This is 
developed out of germplasms previously screened or evaluated for the different 
traits. Such assemblage of genes should be allowed to undergo as many generations 
of recombination as possible in order to generate new genic combinations involving 
as many resistance genes and yield genes as required. Selection can then proceed 
with higher probability of isolating the desired high-yielding and multi-adversity 
resistant cultivar. 

Gregorio B. Begonia, Discussant 

By exposing the selection population to a battery of selection pressures 
throughout the growing cycle of the plant, we can select cotton genotypes pos
sessing multi-adversity resistance in a relatively short time. The above features of 
the MAR breeding technique as excellently described by Dr. Cabangbang make 
the method a very efficient and effective tool in plant breeding - especially in 
cotton where it was first tested way back in the early 60's. 

However, despite the merits and simplicity of the breeding procedure, there 
are some points that need further clarification. 

a. Definition of the parental generation: 

The characteristics/attributes of the parents involved in the crosses 
must be clearly defined. It is very unlikely that we can fmd all the 
necessary attributes in a few parents. In other words, we need a sub
stantial number of parents to create a wide germpl�sm pool that con
tain all the attributes mentioned in the MAR procedure. If we have 
already created a wide germplasm pool, I think that is the appropriate 
time to tinker with MAR. 

b. Population Size: 

If we commence the MAR procedure using F 2, F 3, etc. materials, how 
big is the population to start with? The basic question here is: How 
many genes control each of the characters involved in the MAR pro
cedure? We must note that as the number of genes determining a 
certain character is increased, a corresponding increase in the popula
tion is needed in order to obtain the desirable recombinations. Also, 
the question of population size is further complicated if there is linkage . 
The closer the genes are, the lesser the chance to break that linkage. 
In order to observe the desirable recombination, you need a large 
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population. Furthermore, we still need to know the linkage relation
ship between characters. 

c. What is the most effective generation for selection? 

Is it the F2, the F3, or what? 
We must remember that not all characters can be effectively evaluated 
at an early generation of the segregating population (F2, F3). For exam
ple, if we use F 2, this may be effective for qualitative characters (e.g. 
petal colors, etc.) but not for quantitative characters (e.g. yield). 
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ABSTRACT 

Dormant seeds of peanut were treated with varying doses of fast neutrons 

employing efficient pre- and post-irradiation techniques for detcm1ination of 

various plant responses useful in a long range program of mutati on breeding. Mean 
reductions in seedling height and frcqul!ncy of M 1 somatic mutations increased 

with increasing radiation dose. No reductions in M 1 secdsct was obtained even in 
the do�c above the LD50 of 1600 rads. The frequ�ncy of M2 macromutations 

ran!!<.:d from only 3.60-5.65 per 100M2 plants. The genetic basis of each of these 
radiation responses is briefly discussed. 

The high sensitivity of M1 peanut seedlings and growing plants to fast neut

rons is probably due to th� highly differentiated seed �mbryo at the time ol 

irradiation while the radio-resistance exhibited by �he matured plant appears to be 

related to the polyploid genome of the species. 

Introduction 

The more widely known human achievements in the utilization of the energy 

of the atom lies ironically in the field of weaponry for mass destruction. Relatively 

unknown to the bigger portion of the human population is the use of this energy 

lor the improvement of crops whic h are of benefit to man. For instance in 1974. 
about a hundred new crop varieties were listed as having been improved through 

mutation breeding and officially released by various governments for widescale 
cultivation. Not a few plant radiation investigators, however, attach greater signi

ficance to this human effort than even the socio-economic in1pact of the improved 

crop types on the lives of millions of people in the food-hungry world. The emer

gence of a new technology for inducing hereditary change has revived interest in 

some of the age-old problems concerning the origin and future of the species. 

topics that have challenged the minds of thinkers since olden times. 

As the pioneering studies of scores of plant radiation workers during the past 
four decades have not fully explored the intricate problems related to the control 

and direction of the induced mutation process, there is a need for further investi

gation for gaining a better mutagenic treatment. Moreover, most of the work in 
mutation induction through seed irradiation have made use mainly of sparsely

ionizing radiations, such as X-rays and gamma rays, and only a few studies have 
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Table 1. M 
1 

seedling height response of peanut to fast neutrons • 

Fast neutron Total 
Seedling height (em.) 

dose seedlings Range Mean % Control 

0 (Control) 1 50 1 4.5 -17.8 15.62 100.00 

500 rads ! 50 1 3.4-15.7 1 4.55 93. 1 5  

1000 . .  1 50 10. 2 - 1 3.4 11.36 79.13 

1500 . .  1 50 6.7 - 1 1.6 8. 1 4  58. 5 2  

2000 . .  150 3.7- 7.9 5.98 36. 28 

Table 2. Frequency of M 1 peanut plants bearing somatic mutations after fast neutron seed 
irradiation • 

Fast Total Plants with somatic mutations 

neutron MJ No. Frequency per 
dose Plants 1 00 plants 

0 (Control) 1 4 1 6  0 
500 rads 1 405 1 9  13 .52 

1000 " 1372 1 44 1 04.80 
1500 " 1 398 302 2 1 6.02 
2000 .. 1 05 3  487 462.49 

1 9 78 ). Oxygen contamination during irradiation could result in an interaction 
between oxygen and radiation-induced oxygen-reactive sites prior to the initiation 
of soaking (Conger and Constantin, 1 9 79). The advantage of employing neutrons 
in practical mutation breeding, i .e·., reduced oxygen effect, is now widely recog
nized (Ramulus and Ranj asumy , 1 9 72). Neutrons have been reported to be up to 
40 times more effective than sparsely-ionizing radiations on dormant seeds at the 
D50 level of damage but  only 6-8 times more effe ctive on germinating seeds 

(Conger et a/. , 1 9 73). 
The frequency of M 

1 plants with somatic mutations which consisted mainly 

of leaf flecking on seedlings and leaf sectoring (Table 2) increased with increasing 
fast neutron dose . The formation of somatic mutation in plants growing from 

mu tagen-treated seeds is believed due mainly to chromosomal change . Breakage 
of chromosomes accompanied by genetic deletion has been found to be the m ost 

probable mechanism for the formation of chimera! sectors (Mericle and Mericle, 
1 96 7).  The high frequency of somatic mutations in M

1 plants after fast neutron 
seed-irradiation is probably an indication of the effectivity of densely ionizing 

radiations on biological material when their effects are not altered or modified by 
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Table 3. Mean M 1 seed set in peanut after fast neutron seed irradiation . 

Fast Total 
neutron MJ Range ,'v[ean ,., " 

dose plants {%) (%) control 

0 (Control) 25 85 .76-97 .36 9 1.46 1 00 .00 
500 rads 25 73 . 82-94 . 14  84. 2 2  92.08 

1 000 " 25 69.6 7 - 8 8 .39  79.65 8 7 .09 
1 500 " 25 64.85 -- 8 1 .76 7 2 . 84 79.64 
2000 " 25 5 1 .08 -8 2. 35 68 .07 74.43 

conditions in the cellular environmen t.  Of interest is the suggestion that chime
rism often results from a mu tation in a few apic al cells and will likely become 

perpetuated in the meristem cells bearing chromosom al aberrations {Conger ct a/. , 

( 1 973 ) . Compared with t h� seedling growth response of b arley ( HurJeum vulgare L.), 
a species w id ely used as the st an dard test material in seed irradiation with an L D5 0 
at a d ose of 1 1 2 0  rads ( Sorian o  et a!. , 1 97 1  ) .  peanut is much m ore ra dioresistant 
due in variably to its being a polyploid with a chromosome n umber of 2N=40 
(Ashri, 1 982 ; Kirti et a! . . 1 9�2) .  With mungbean (Vigna radiata) ,  LD50 for see dl ing 
height was found dose to a thermal neutron dose o f 30 x I 0 1 2th N/Cm2 /sec (Kwon 
and Oh , 1 983). 

In the present study .  pre - an d post -irradiation conditions known to inf1ucnL:e 
seed response to densely-ionizing radiations (Conger and Constantin , 1 9 79) were 
largely minimized . Previous st udies on peanu t even with sparsely-ionizing radiatio n s  

appear t o  have failed t o  consider this aspect of t h e  work e xcept a report (G rego ry ,  
1 968) de aling with gamma ray treatment of seeds with only 8 %  mo istu re conte n t .  

Mod ifica tion o f  t h e  effects o f  fast neutrons wjth seed moist ure content and 
oxygen have definitely been achieved (Angstrom, 1 968 ) con trary to a previous 
idea that only those of sparsely ionizing ra diat ions could be so modifie d .  Howevl! r ,  
seed moistu re content has been reported t o  be t h e  most importan t factor modi
fying fast neutron effects (Conger and Carabia, 19 72 ). Post-irradiation st orage 
l ikewise has been found to enh anc e fast  ne u tr on dam age (Gopai-Aycngar ..:t al. , 

1 97 7).  Lower re ductions in OER were reportedly obtained with in creasing ioni

zation density for as long as such mutated reUs retain t heir apical positio n ( Bal

k enia ,  1 9 72) .  Chimerism in pla nts with irradiated origin has been specifically 
associated with persiste nt dicent ric chromosomes (Contant et a!. , 1 9 7 1 ). Further
more, leaf sectoring after exposure to radiation was reported to be due to chro

mosomal aberrations which increase exponentially with dose (Kaplan, 1 9 77) .  

The data on M 1 seedset are shown in Table 3. No significant reduction in 
ovule fertility afte r fast neutron seed irradiation was found even in the dose h igher 
than LD50 .  This radioresistance may be due to the polyploid nature of t he peanut 
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Table 4. Frequency of macromutations in some Mz lines of peanut after fast neutron seed irra

diation . 

Frequency of macro· 

M2 Total No. of mutants per 100 
line plants macromu tan ts M2 plants 

8446- I 1 94 I I 5.65 
8446- 2 250 9 3.60 
8446- 3 1 9 7  8 4.06 
8446- 4 236 10 4 .24 
8446 - 8 608 23 3 .78 
8446 -1 4 243 1 2  4.94 

genome (Ashri, 1983) .  While the M 1 seedlings and growing M1 plants showed high 
sensitivity to radiation, the mature plant failed to manifest a similar degree o f  res
ponse. Polyploids are known to be quite resistant to mutagenic treatments due 
probably to their having more than a duplicate set of chromosomes. At the mole
cular level, polyploids have been reported to contain more DNA per cell than their 
diploid counterparts (Sparrow et a/. . 197 1)  and are thus able to overcome the 
effects of genetic damage effectively. 

Table 4 shows the frequency of macromutants in the M2 generation. These 
consist mainly of dwarf plants. plants with five-leaflet leaves, odd-pinnate leaves, 
variegations, dark-green plants and early flowering, characters previously found to 
be inherited in the selfed progeny of the M2 variants. The frequencies of macromu
tants of 3 .60-5.65 per I 00 M2 plants in the six M 2 lines are rather low compared 
with mutation frequencies in diploid species after seed treatment with either 
sparsely- or densely-ionizing radiations. Both types of radiation reportedly induce 
the same types of genetic changes (Borojevic , 1975) .  Compared with neutron-irra
diated material, the germinal mutation frequencies obtained in peanut are rather 
low. For instance in soybean, an M2 mutation frequency of 24 per 1 000 M 2  plants 
was obtained after irradiation of seeds with a dose of only I 000 rads fast neutrons 
(Hendratno et a/. . 1982) and in mungbean, mutation frequencies of 8 .43% and 
1 0.76% were obtained after seed treatment with thermal neutrons (Kwon and Oh, 
1 983). 

Most of the mutant types were, however, partially sterile due probably to 
chromosomal damage possibly of the exchange type which reportedly could get 
transmitted to the succeeding generations (Schori and Ashri, 1970). The association 
between a mutant character and chromosomal aberration may explain the low 
mutageniL: specificity commonly obtained after seed irradiation (Smith, 1972). Fast 
neutrons have been reported to be more effective than sparsely ionizing radiations 
for inducing genetic variations which may, however, be mostly quantitatively in-
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herited,  an ind ication that those m utations are due to ch romosomal al terations 

rather than "point" mutations (Dal y ,  1 973 ). 
Finally , t he genetic response of pea nut at the  mat u re st age appears t ypical of 

poly ploids charac terized by low response to treatment . This is evidc nccu by the 

rela tively small re ductions in seed set anu low freq ue ncy of M2 mu lations.  This low 
response of peanut  t o  fast neu t rons is  most probably due t o  the tet rapl o id gcno111e 

and the som at ic compe t it ion t hat i nvariably occu rs b e tween n orma l and mu tated 
cells during the growth stages of the M 1  plan t. The c h romosome number o f  peanut 
o f  2N =40 may have originated e i ther  t hrough polypluid ization of a w ild species 

(ll racllis lllcmtico;a) with 2N:::20 or th rough fusion of the d ipl o id genomcs o f  
A .  l'iilosa which is bdievc d to have con t ribu u :: d  the A-genome of cultivated pe;.tnut  

and A.  baticoci, thc 13-genom c (K irti <'I a/. . \ 98 2 ; .  On the o ther hand.  the h igh 

sensitivity of pean ut see dlings and growing plants may h ave bee n brought abo u t  by 

its well -differen tia t e d  seed emb ryo (Emery . 1 9 72) with an e x t re mely la rge plumule 
which c onsists of I 0 leaves and fou r  axillary bu ds . As the epic otyl does not produce 

new p:uts d uring t h e  first three weeks o f  growth.  radiation damage in the trcatL'd 

seed embryo is retle c te d  hy the  high response o f  the M 1 see dlings of that  age . 

Summary and Conclusion 

1 .  In general , a linear dose-response rel a tio nsh ip was obtai.nc d  for seedling 

growth reduc t ions and frequency o r  M 1 plan ts wit h somatic mu tath1ns . LD50 was 

found at a d ose of ap proximately 1 600 rads.  
2. The high sensitivity of peanut seedl ings an d growing M1 pla nts to fast 

neu trons after seed irrad ia tion may have been due to the h ighly differentiated 
emb ryo at the time of treatmen t .  

J .  Radioresistance o f  peanut to t h e  trea tmen t , ;,hown b y  low M 1  scedset 

reductions and lnw frequency of M 2 mu t ations, appears to be associated with its 

polyplo id genome . 
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Adoracion T. Arai\ez, Discussant 

The study of Dr. Joventino D. Soriano on mutagenic response of peanut to 
fast neutrons may pave the way for the improvement of peanut varieties in the 
Philippines. According to Sigurbjornsson and Micke ( I  9 74 ), t he technique of muta

t ion b reeding can be recommended to plam breeders as a practical tool with a 
reasonable guarantee of success. However, it appears that many plant breeders are 
u naware that the use of this technique has resulted in no teworthy plant breeding 
advances . They at tributed this partly to the publication of works on induced 
mu tations and m utation breeding in pwcecdings with d istribu tion tha t is  limited 

beyond the ir own circles. Mutation breed in g  may be done by direct multiplica t ion 

of muta n ts or mutan ts may be used in cross breeding. The estimated value o f  
in duced mutant crop varieties now grown by fa nners, shows that the net value of 

these crops ou t shines any C\)St that have gone into muta tion breeding research. 
Arou t�d 1 45 mutant variet ie-s arc d rveloped th rough the use ol iud uced mutations 
as early as 1 9 7 4 .  The m utagens used which have le d to the development of super
io r varieties are X-rays, garnrna rays, neutrons and chemical mutagens. Among 
the i mproved charac t ers o f  crop varieties d eveloped through induced mutat ions 
a re h igher yield. lodging resistance, disease resistance. early mat u rity. sh ort stem , 
quality ,  winter hard iness, h igher protei n ,  sha t tcring resistance. impro vt'd pla n t  

type anJ easier harvesting. Released va rieties de veloped through induced mutations 
are cereals, legumes. fru it t rees. ornam en tals and other crops ( Sigurbjorn sso n and 
Micke, 1 974) .  

Researchers a t  the  Phil ippine Atomit: Energy Commission (PAEC} have pro
d uced th rough mu ta tion br eeding fnu r new high yielding varieties of rke , four  
improved varieties o f m ungbean and a compac t snybean mutant (PAEC Accomplish
ment Report . 1 972-80 ). 

A change in o nly one or few base s uf the D;-.JA may give rise to a mu ta111  
allele. A base substitu tion in the polynucleo tide alters a codon . A different a mino 
acid may be cooed fo r by the new codon. Th e t ertiary and quate rn�ry configura

tion of a protein may be changed due to an al ternati<'n in �he sequence of arnino 
acids in the polypeptide . A change in the con f1guration or a prote in may change 
its activity or property . 

A study on h uman sickle-cell anemia showctl that a change in one amino 
ac id of a pol ypept ide chain is enough to produce an ab normal hemogl obin . TI1e 

chemical abnormality of the sickle-t:ell hemoglobin resides in a ch ange of a single 
amino aci d .  The 6 th amino acid from the N - tcrrninus of the )3-peptide chain which 
is glutamic acid is replaced by valine .  The triplet wde fo r glu tamic acid is GAA 
or GAG while that  fo r valine is G UA or GUG (Goodenough and Levine, l lJ74). 
In either case, replacemen t  of  adenine by thymi ne will change th e amino acid 
coded for by the triplet from glutamic acid to valine .  

Gaul ( 1 964) is  of the opinion that  plant breeding is  controlled evolu tion 
and that in breeding, full  u se is made of two of the three main factors of evolut ion , 
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that is recombination and selection . He added that mu tation, which is the third 
factor and a primary evolution factor can be used for breeding. The variations pro
duced by mutagens are not essentially different from those caused by spontaneous 
mutation during evolu tion (Sigurbjomsson, 1 970). 

It is hoped that in the future, more researchers will go in to the use of muta
gens in producing genetic variations especially for plants that are usually propa
gated by asexual methods, those with long vegetative phase prior to sexual repro
duction and in lower forms which are usually haploid and of which the only way 
to change the genetic material is through the use of agents that are capable o f  
modifying the DNA. 
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Prescillano M. Zamora, Discussant 

In the work just presented by Dr. J.D. Soriano, which he undertook vis-a-vis 
a long-range program of mutation breeding, the application of  fast neutrons (in 
varying doses) on donnant seeds of peanut has elicited the following respo nses : 
( 1 )  �edling height was reduced with increasing radiation doses, (2) frequency o f  
M 1 somatic mutations was increased with increasing radiation doses, ( 3 )  M 1 seedset 
was not reduced even in the dose above LDs o of 1 600 rads, and (4) frequency o f  
M 2 macro-mutations ranged from only 3 .60 t o  5 .65 / 1 00 M 2 plants vis-a-vis the 
control plants. 

In discussing the genetic basis of each of the foregoing radiation responses 
o f  the experimen tal material , Dr. Soriano stated that t he high sensitivity of the M 1 
seedlings and of the growing plants is probably due to the highly differentiated 
state of the embryo at  the time of irradiation, while the radioresistance exhibited 
by the mature plants appears to be related to the polyploid genome of the experi
mental material. 
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With the foregoing remarks as term o f  reference,  I now would like to focus 

my commen ts on the probable d evelopmen tal anatomic basis for that mutagenic 

respo nse relating to the increased frequency of M 1 somatic mutations with in

creasing radiation d oses and the proposed explanation that said response is pro

bably due to the highly d ifferentiated state of the embryo at the tin1e of the 

treatment. 

Depending upon the variety , the fruit of peanut generally contains 24 seeds 
placed in tandem within a single locule. The see d  of peanu t  (in the mature fruit) 

consists of a large emb ryo (ca 1 .0 em long x 0.7 em wide) and a seed coat . St ruc
turall y ,  the peanut embryo is very simil ar to that of other species o f  legumes 
(Reed , J 924 ; Yarbrougl1 , 1 949 ; Smith,  1 95 6  ). It consists of an axis, the hypocotyl
root axis bearing, at one end , the root apical meristem and , at the other, t he two 

cotyledons and the apical meristem of the first shoot,  the epicotyl . According to 

one report (Yarbrougl1 , 1 95 7 ) ,  the peanut embryo has not only a leafy epicotyl 
but also two lateral shoot primordia arising at the cotyledonary axis in the mature 

seed . 

Developmen tally,  the peanut embryo follows a patt ern that resembles closely 
t hat of a dicotyledonous species (Smith , 1 956). Al though it d evelops a multicellular 

suspenso r,  the type of embryo which forms may be catego rized as a common angio

sperm type . Four or five days after pollination , the embryo co nsists of about 5 to 
1 3  cells. Eight to ten days after pollination, it still has only about 5 to 1 5  cells .  

But it grows rapidly o n  about the I I  th day after pollin ation , so that on about the 
30th day after pol lination , the embryo is, as de scribed above, large with a short 
hypocotyl-root axis, bearing a well-organized apical meristem, a small epicotyl 

(plumule)  also b earing a well-o rganized apical meristem and two large fleshy coty

ledons. 

The highly organized epicotylar apical merist em is interpretable according to 

t he tunica-corpus c oncep t of shoot apex (shoot apical meristem) organization. 
Accordingly , two tissue zones occur in the cpicotylar apical meristem, namely, the 

tunica, consisting of two peripheral layers of cells, and the corpus , a m ass of cells 

overarched by the tu nica . The d emarcation between these two zones resul ts from 
the cont rast ing modes of cell division of the tunica and the corpus. The lay ers o f  

the tunica show predominantly ant iclinal divisions ; that is, they undergo sur face 
growth . The corpus cells divide in various planes, aml the whole mass grows in 
volum e .  Each layer of the tunica arises from a small group of separate initials, and 

the corpus has its own group of in itial s  located beneath those of the tunica . In 

other words, the number 0f tiers of init ials is equnl to the number of tu nica layers 

plus one, the tier of <.:Orpus initials . The epidermis usually arises from the ou tcrmost 
tunica l ayer , while the underlying tissues may arise from the tunica or the corpus 

or  bo th . Thus, the tunica-corpus concept is u seful i n  rel a t ing the e ffects of i rrauia
t ion trea tments on the experinlental material, in rhis  case. the  epicotylar apical 

meristem of the peanut ernh ryo . 
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By the results of Dr. Soriano's treatments, somatic mutations consist mainly 

of leaf flecking and leaf sectoring in seedlings. Said fo rms of chimerism could 

result from the mutation of some of the initial cells at the apical meristem of the 

epicoty l that had b een affected by the treatments applied. in this case fast neu

t rons. Said effects are then perpetuated with the sub seq uent division of the affected 

initial cells and these are expressed phenotypical as leaf flecking and lea f  sectoring. 
The foregoing is paralleled by induced cy tochirneras produced with the use 

of colchicine (Satina et a/. , 1 940 ; De rmen , 1 9 5 3 ,  1 960;  Clowes. 1 96 1 ; o thers) . 

Treatment of shoot and t1oral apices with  col ch ic ine . has resul ted in the change of 
the num ber o f  chromosl1mes in ind iv idual cells  as in th e cast' of Datura. peach and 

c ranber ry from � N  to 4N and 8N.  When cel l s  occupying the posit ion o f  ini t ials i n  
the shoot apex are thus affec t ed t i le cha nge becomes detectable a n d  is  perpe t ua ted 

d evelopment ally in more or less ex tended parts of the  plan t hody t h ;.� t  develop 
after the t reatmen t,  and the a1 tera tions had been traced directly to the initial 
cells in the apical meristems. 

It is thus poss ible by t hese e x amples to support t he view with high degree 
o f  confidence fmm the on togene t ic standpoin t that the observed chimeric pheno

menon b rough t abou t by fas t  neut ron t reatment s is due to the ac t ivi t y  of the 
a ffected init ial cells in the apicJ! m crist cm of the epicoty l n f  the peanu t embry o .  
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STUDIES ON THE CULTURE OF THE EARTHWORM, E UDRIL US 

EUGJNAE, AND ITS USE AS FEED FOR MACROBRACHJUM 

!DELLA AND FERTIL IZER SOURCE FOR BRA SSICA COMPENSIS 

Rafael D .  Guerrero l l l ,  Luzviminda A .  Guerrero and Annando K.  Cargado 
A quatic Bivsystems. Bay, Laguna, Philippines 

ABSTRACT 

Stu die-. on t lh' nl ltm.: of l:·udrilus euginae in box es " itl1 tliffL•rent !evds 
of pir man u n:.  !'.:�d ing of tlrkd E. euginac lo th� t rc�h watcr shrimp. 1Hacro· 
hrachiwn iddla. and tlw applkation of earthworm <.:�sting5 ( Yt' rmicompusl) 

a, fertilizer for pcchay ( Bra�sica compensis) were conductt:d. 

The be�t production of £. euginae was o b tained with 75'k m anure a n d  
2:i ·>i sawdust as bedding. brthwonn castings from t h ;;  tn:�tme n t  had the lowest 

nit n>g\'11,  potas>ium and or�ani..: lllattcr conknts. Results ir.dica;�d that n u trien t 

ron tL' I ll  L1 f vcrmicompo,;t dccrra��s with increase in earthworm produdio n . 
M. idel/a fl,d with till' earthworm had higher total weight g�in. lower 

fc.cd conversion ratio and greater pwdudion o f  juven i les compared with tho'�: 

nl the shrimp fed \' i th tilL' dried fr�shwater fish, Thera pan pltmr/>eus. E. euginae 
had greater �·alues of �rude protein and fat on a moisture-free ba�is ha�is rom

pan.:d with T. p/umbeus. 
nw highest yield or pechay was achieved with fertilit:ation using 50°/r. 

v ,• r micompost and 5 0% cornpk tc fertili7.er. Y ields of p('chay with partial vcrrni

,·o m post fcrtili£ation \n:re significan tly greate r cornpart' d with that using 1 00% 
complete fertilizer. Fertilization cost with 1 00% vermi com post was lowest. 

Introduction 

The present foreign exchange crisis of the Philippines is expected to reduce 
the in1portation of animal feed ingredients and chemical fertilizers. There is an 
urgent need for the development of in1port substitutes using local and available 
resources. 

Earthworms have been identified as poten tial sources of animal protein for 
poultry. livestock and fish feeds (U1ep, 1 9R 2 ;  Sabine,  1 9 78 ;  Guerrero, 1 983).  
Earthwonn meal has been analyzed to have high quality protein (67-70'7c crude 
protein) comparable with that of imported fish meaL It also has higher meta

bolizable energy than fish meal (U1ep, 1 982). 
l n  studies conducted by Guerrero ( 1 983), weight gain , survival rate and 

feed L:onversion of Tilapia nilorica fed with a diet containing 1 5% earthworm meal 

(Perionyx excavatlls) were sign iii can tly better than those of T. nilotica fed with 

3 3  
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A frican n ightcraw!er (Eudri/us cuginae) breeders 

a standard diet containing fish meal . According to Pascual (personal commu nica
tion),  addition of 5% earthworm meal in the feed of Penseus monodon improved 

attractability of pellets and significantly increases weight gain of the prawn com

pared with the fish meal-diet .  

Earthworm castings (vermicompost) have value as  soil amendments or as 

organic fertilizer .  The castings have a high cation-exchange rate with a carbon to 

nitrogen ratio under 20 : I which is suitable for plant assimilation . Castings produced 

from animal waste contain 3 .0% nitrogen (dry weight),  0.32% phosphorous and 

0.4% potassium (Dacayo, 1 98 1  ) .  

In pot experiments, Dacayo ( 1 98 1 )  found the positive response of lettuce, 

ginger , Portulaca oleracea, African daisy and pechay to varying proportions of soil 

and vermicompost. Significantly higher yields were obtained with 501(, soil and 50% 

vermicompost with lettuce, 1 00% vermicompost fo r ginger ,  and 25% soil + 75% 

vermicompost for P. o/eracea and pechay over the control (soil). 

The e arthworm Eudrilus eu.ginae is an introduced species in the Philippines.  
Egg capsules of the earthworm were received by the senior author from Dr. Otto 

Graff of West Germany in 1 982 . The species originates from West Africa and is 

widely distributed in t ropical and subtropical coun tries.  E. euginae is fast-growing 
and recommended for verrnicomposting in the tropics (Graff, 198 1 ) . 

We conducted three studies .  Study I was to determine the effect of different 
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C ulture boxes or r·udri/us euginae 

pig manure levels on th e  growth of E. cuginae cultured in boxe s .  Study Il was on 
the feeding of dried E. euginae to the freshwater shrimp Macrobrachium idella 
in ou t ddor pools . The usc o f  vermicornpost for fertilizing pee hay (Brassica com

pensis) in field plots was evaluated in Study I I I .  

Materials and Methods 

S t u dy I was con ducted at the Technology Resource Cen ter's Vermiculture 

Projec t in s.m l ldefonso , Bula�an .  Wootkn boxes measu ring 61 X 4o X 20 em 

each and lined with polyethylene sheets were used as cu l ture units.  Three levels 
of pig manure were tested for grow th of E. cuginae. The treatments we re : I - ·  
1 00% manure , I I  - 75% manme + 25% sawdus t ,  and I I I  - 5 0% manure + SOSr 
sawdust .  Eigh t  ki.logran1s of the dried bedding we re placed in each box. Water was 

mixed wiih the bedding to maintain a moisture content of 60-80%. The bedding 
was allowed to fe rmen t  for one week. before sto.::k ing of the earthworm . 

J uvenile E. euginae was stocked at 200 g per box . Four replicates (boxes) 

were used for each treatme n t .  The boxes were kept under a shed and watered 

regularly to main tain moisture. To tal fresh weight of the earthworm in each box 

was weighe d  a fter 30 days of cul t u re .  Samples of the castings were analyzed for 

NPK, organic matter and pH. 

Study I I  was conducted at  the Bureau of Fisheries and Aquatic Resources 
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Adult male ( left) and f<'malc 11-facrobrachium idclia 

Fisheries Station in Los Banos, Laguna . Four 36-m 2 concrete pools with earth 

bottoms and maximum depth of l m  were used.  The pools were filled with water 
from a shallow well to a depth ranging from 0.4 to 0.6 m .  Dried chicken manure 

was applied at 1 ton/ha in the pools as basal fertilizer. 
Live adults of the freshwater shrimp Macrobrachium idella were collected 

from Laguna Lake. Each pool was stocked with 96 g of M. idella with average 
individual weights of 5 .6 to 5 .8 g.  

Two feeding regimes were tested . Dried Therapon plumbeus, a freshwater 
fish, was fed to the shrimp in two pools. Dried E. euginae was fed to the shrimp 

in the other two pools. Feeding was done daily for 60 days at the rate of ::?0% 
of shrimp biomass . 

The total weight gain (adults and juveniles), feed conversion and juvenile 
production of the shrimp were evaluated after the two-month culture period. 

Proximate analyses of T, plumbeus and E. euginae samples were done. 
Study III was also conducted in San Ildefonso , Bulacan. The soil in the 

experimental area was light-textured.  Soil analysis showed it to have 1 .8% organic 
matter ,  4 7 ppm phosphoms, 8 ppm potassium and pH of 4 .9 .  

Twelve plots measuring 5 x I m each were used .  Pechay seedlings were 
planted 30 em apart in three rows with I S  plants per row in each plot .  Four fer

t ilizer treatments were tested ,  namely : I -- vem1icompost only . II - 50% venni-
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. · " . 
....... _-.c. t-: .� 

Pechay (Brassica compensis) fertilized with vermicompost 

compost + SO% complete fertilizer ( 1 4- 1 4- 14) .  III - 2S% vermicompost + 75% 

complete fertilizer, and IV - 1 00% complete fertilizer. Each treatment had three 

plots . 

The fertilizers were applied at the rate of 25 g per plant for each application . 

One fertilizer application was done at planting and another after two weeks. The 
plots were watered regularly as needed. 

The plants were harvested after 30 days from planting. Total yield of pccha.v 
and cost of fertilizer per plot were determined. 

Results and Discussion 

The results on the production of E. euginae with different levels of pig 

manure are presented in Table 1 .  Analyses of the data showed that the highest 

production of the earthworm was obtained with 75% manure + 25% sawdust 
(Treatment I I )  followed by Treatment I I I .  Treatments H and I I [  were significantly 

different from Treatment I (P<0.05 ). 

Analyses of the vermicompost samples produced in Study I (Table 2) showed 
that the sample from Treatment II had the lowest nitrogen, potassium and organic 
matter contents. This is to be expected because of the bioconversion of the nu
trients into earthworm flesh. The results also indicate that the nutrient content of 
vermicompost decreases with increase in earthworm production. 
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Table 1 .  Production of E. euginae in boxes with different levels of pig manure after 30 days. 

Treatment 

II 

Ill 

aMean of four replicates 

Weight Gai1zO 

(kg) 

0.94 

1 .83*  

1 .5 7 *  

*Means are not significantly different. 

Table 2. Analyses of vermioompost samples (oven-dry) from Study I. 

Treatment Nitrogen Phorphorous Potassium 

(%) (%) (%) 

2.85 0. 1 2  0.4 8  

li  1 .75 0. 15 0.28 

III 2 .0  0. 1 3  0.30 

% Weight Increase 

470 

9 1 5  

785 

Organic Matter pH 
(%) 

45 5 .8 

35 6 .0 

40 6 .2 

Table 3. Average total weight gains, feed conversion ratios and average number of juveniles 
of M. idella fed with T. plwnbeus and F. euginae for 60 days. 

Feed 

T. plumc-�us 

E. euginae 

A ve. Total Wt. Gain 
(g) 

375 

407 

afe.ed Conversion Ratio = 
Total fe�d given 

Total weight gain 

Feed Conversion 
RatioO 

1 .8 2  

1 .67  

A �·c. No. of Juveniles 

44 8 

674 
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Table 4.  Proximate analyses of T. plumbeus and E. euginae . 

Nutrient T. plumbeus E. euginae 

(%) 

Crude Protein 65.88 68. 0 

Fat 3.88 9.57 

Nitrogen-Free Extract 22.35 1 1 .05 

Ash 7.29 9. 07 

Table 5. Average yield of pcchay with different fertilizers and cost of fertilizer per plot 
after 30 days. 

Treatment 

II 

Ill 

rv 

A ve. Yield/Plot 

(kg) 

4. 1 1 * 

4.66* 

4.62*  

3 .67 

*Means are not significantly different. 

Cost of Fertilizer/Plot 

(1') 

2.25 

3 .93  

4 .78 

5.62 

All the samples were found to be slightly acidic. Of the three, however, the 
sample from Treatment I had the lowest pH. This may be attributed to its high 
organic matter content. Sawdust is believed to have benefited earthworm growth 
by improving texture and porosity of the bedding. 

M. idella fed with the earthworm had higher average total weight gain, lower 
feeu conversion ratio and greater average number of juveniles than with the fish 
feed (Table 3). 

Proximate analyses of dried T plumbeus and E. euginae (Table 4) showed 
that the latter had higher crude protein, fat ,  ash and crude fiber but lower nitrogen· 
free extract than the former on a moisture-free basis. 

Our findings corroborate those of Pascual (personal communication) on 
the superiority of earthworm over fish as a feed for crustaceans. The amino acid 
profile of earthworm meal is comparable with that of imported fish meal and 
meat meal (Sabine, 1978). Lipids are known to be essential for the reproduction 
of animals. 
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The results of Study III show the advantages of the use of vennicompost 

(75% manure + 25% sawdust) over that of complete fertilizer for pechay in 
the study area (Table 5 ). The highest yield of pechay was achieved with Treatment 
II  (50% vermicompost + 50% complete fertilizer). However.  the lowest cost for 
fertilization was with Treatment I (vermicompost only).  Treat men ts I I  and I l l  
were significantly differen t from Treatment I V  (P<0.05). 

The usc of vermicompost is appropriate for light soils low in organic rna tter. 
With its high cation-exchange capacity, vcrmicompost provides cultured plants 
with more available nu trients in acidic soils (Dacayo, 1 9R l  ) . In general , the re

sponse of a plan t  to vcnn icompost will depend on soil conditions and the pla1 1 t' s  
nu trit ional requ irements . 
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Juliana B. Dacayo, Discussant 

The use of vermicompost (VC) in agricul ture as alternative/supplement to 

commercial fert ilizer is t imely d uring this period of energy crisis . I ts rela t ively lower 
nit rogen conte n t  than most farmyard wastes l ike chicken manure thereby reducing 

its burning e ffec t  m akes vermicompost safer t o  use in most c rops. 

Dr. a nd Mrs.  Guerrero and myself s t a rted to work coo perat ively on t he earth

worm ahd its cast ings at the C en t ral Luzon Sta te University in  Nueva Ecija about 

five years ago .  Th ey concent rated their interest on t h e  earthwo rm as protein source 

for feeds wh il e  I foc used my a t t e n t io n  on the u t iliza t ion o f  t h e  c :Jstings a s  nut rient 

sou rce for agric u l tu ral c rops.  
The response of l e t t.llCC . pechay . ginger. g rc.;-n oni o n s ,  P olaacea. carr o t , 

sweet co rn and r ice to added vermicompost is enco uraging. Us ing vermic <)mpost 

from a substrate consist ing o f  cow manure . ipil - ip i l  and sawdust a t  eq ual p roport ion 
( l :  I · I )  in pot experimen t s ,  a mix ture of soc;; soil + 20'5{ VC by volume pro ved 

best fo r let tuce .  pechay . g i nger , green onions and P oleracea while in carrot J O';t, 
VC + 90% soil inc reased t uber yield by 29'k .we r t h e  con t rol . 

Field experi m e n t s  on rice a nd sweet corn sh ow t h at in corn an increment o f  
l l 4ri; i n  ear y ield was realized by t he a pplic a t io n  o f  5 to ns VC . This wa s com

parable t o  plants which received the recommended rate o f  inorganic fe rt ilizer 
( 60-40-0ih a . )  G rain yie ld in rice was not affcL� ted up to an incre m e nt o f 4  t o ns VC 

per hect a r� .  however , 2 tons VC in addit ion to the reco nunen ded rate of inorganic 

fert i l izer had 40'iL more grain yield than the con t ro l .  
The residual effect  o f  vermicompost had been tested o n  green onion in t h e  

greenhouse.  T h e  above-ground plant parts were cu t  every 30 days fo r 3 years.  After 

t he t h ird year.  p lan ts in 20% vermicompost + sort soil growth medium had t otal 
leaf y iel d comparable t o  t hose which received annually t he recomm e n ded rat e  of 

inorganic fert ilizer. 

It is believed that the beneficial effect of vennieompost is a combination o f  

its c hemical .  biological a nd p hysical properties which improve soil condi t io ns 
making it more su itable for plant gro wt h .  The presence o f  enzymes beneficial to 

p lants  had been reported in the literature . 
Aside from i t s  favorable e ffect on plan t growth , fu t u re studies should be 

geared on other  aspects  such as handling, storage as well as paL:kaging in order to 

insure minimal nutrient losses prior to usage. 

JJeUatta,  1 ':1 /4). Nioreover , IT IS compounueu uy u1�: ul l l l�CuJLy u• u•3 • u • 5u•�•uu5 

be tween young grasses and rice seedlings due to similari ties in some morphol ogical 

fea t u rr: J .  

Curren tly , b utachlor , a seledive pre-emergence herbicide t h at co n troh most 



Table I .  Timing of application , mean y icld, toxicity rat ing and % weed control of butachlor (Machete EC) on direct-seeded rice during the 
1 98 1  dry season. 

MEAN 
Time Mean CROP INJUR Y MEAN % WEED CONTROL RA TING 

Location Rep. Treatment Rate Time Yield 20 DAS% 40 DAS% 20 DAS 40 DAS 

kg. a.i. /ha. Application MT/Ha. SR GR SR GR EC MV CD/SS EC MV CD/SS 

BEST 3 Machete EC 1 . 0  4 DBS 3.87 1 1  1 1  5 5 9 1  88 94 85 83  89  

MRRTC 3 Machete EC 1 .0 2 DBS 4.24 1 2  1 2  8 6 85 89 97 84 83 91 

VRES 3 

& Machete EC 1 .0 6 DAS 2.95 20 1 2  7 4 85 80 87 83  78 80 

UPLB 3 

Hand weeded 2 x  20 + 40 days 4.46 0 0 0 0 94 92 96 93 90 93 

Untreated ·- - 2.37 0 0 0 0 0 0 0 0 0 0 

* FC = Echinochloa cru s-galli 
MY = Monochoria vagina/is 
CD/SS = Cyperus di[[ormis/Scirpus supinos 
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Tabk. 2. Timing of application, toxidty rating and % weed control of butachlor an d 2 ,4-D mixture (Rogue) on direct-seeded rice during the 
1 983 dry season in Nu.:va f.cija 

Mean Mean Phytotoxicity Rating Mean % Weed Control Rating* 
Treatment Rate Yield 20 DAS % 40 DAS % 20 DAS 40 DAS 

Rep. (Form) (kg. a. i./ha.) Time MT/Ha. SR GR SR GR EC MV CD EC M V  CD 

6 Rogue EC .75  + .5  6 DBS 4.4 1  0 0 0 0 1 00 1 00 1 00 99 98 9 9  

Rogue EC . 7 5  + .5  8 DBS 4 . 5 1  3 l I 0 1 00 1 00 1 00 1 00 1 00 1 00 

Rogue EC . 7 5  + .5  6 DAS 1 . 06 92  9 1  6 7  1 2  9 3  96 9 7  93 1 00 95 

Rogue EC . 7 5  + .5  9 DAS 3 . 20 5 3  5 1  1 9  1 2  1 00 1 00 1 00 98 97 93 

Rogue 6G .75  + .5  9 DAS 3 . 1 5  3 2  3 0  1 1  4 100 99 98 99 98 96  

Untreated - - 2 . 2 1  0 0 0 0 0 0 0 0 0 0 

• Ec = Echinochloa crus-galli 
M V = Monochoria vagina lis 
CD = Cyperus difformis 
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Table 3 .  Safcning effect of Screen(!�) on pre-germinated direct sown rict: in field plots trt:at�d with high doses of b utachlor (Machete) and 

bu tachlor + 2, 4·D (Rogue) at � days  before Sc'cding. _____ , · --·-· 
Location A VERA Gf: PI!YTO TOX/CITY 

& Rep rr,'al/llt!ll( Rate Screen Ra tc 10 DAS '< 20 DAS 'if 40 DA S %  
Season (k.f!.. a. i. /lw.J ml /kg. seed SR GR SR GR SR GR 

CLSU 3 Machc tt: 2 2 2  () 1 7  2 0 0 

( 1 983 Dry Sc\lSOn ) :-.Ja;:hl' l�- ) I 3 I 0 6 0 0 0 

& �Ltl·hetc , 2.6 I I 1 0 0 0 .;. 

HCF 3 :Vbchetc � 5 . 2  0 0 0 0 0 0 

( 1 983 Wet Seaso n )  M�chetc 2 I 0.4 0 0 0 0 0 0 

Rogue I + 0.6 7 44 4 4 1  3 20 0 

Ro!:uc I + 0.6 7 1 . 3 1 7  4 I 5 1 1 1  0 

Ro�uc I + 0.6 7 2.6 I I I 0 0 0 

Ro�ue l + 0.6 7 5 . 2  0 0 0 0 0 0 

Ro�lll' I + 0.6 7 1 0.4 0 0 (J 0 0 0 
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derably recovering at 40 DAS. Grain yield was highest from 8 DBS Rogue treat
ment (4.5 1  MT/Ha.) followed by 6 DBS (4 .4 1 MT/Ha.), 9 DAS (3 .20 MT/Ha.),  
9 DAS (3 . 1 5  MT/Ha.) ,  untreated (2 .2 1 MT/Ha.) and the least from 6 DAS (1 .06 
MT/Ha .) .  Therefore , with proper rate and timing, the butachlor + 2,4-D mixture 
can be safely used on direct wet-seeded rice to realize excellent weed control and 
high rice yields. -However, rice seedlings in treated fields should never be submerged 
in water. 

Due to phytotoxicity problems associated with herbicide treatments on 
direct wet-seeded rice, the use of antidotes gained increased attention recently. 
At IRRI, Mabbayad and Moody ( 1 982) found that treatment with naphthalic 
anhydride (NA) improved rice stand and grain yield even when butachlor was 
applied at planting time or 3 DAS. Without NA, butachlor application at 3 DAS 
resulted in the shortest plants. In the United States, Screen has been demonstrated 
to be an effective safener in sorghum from herbicide injury due to alachlor. Results 
of studies demonstrated that Screen protects sorghum from alachlor at rates of 
0.06% to 0. 1 25% a.i. w/w. Without Screen, there would be complete Joss of sor· 
ghum stand due to alachlor (Schumacher , pers. commun .). Since butachlor is also 
an acetanilide herbicide, the efficacy of Screen in reducing its phytotoxicity on 
puddle sown rice was also tested at 1 .3 ,  2 .6, 5 .2 and 1 0.4 mi./kg. seed correspond
ingly equivalent to 0.06%, 0. 1 2 5%, 0.25%, and 0.5% a.i .  (w/w) .  However, the con
centrations of herbicides used were twice that recommended for butachlor and 
33% higher for the butachlor + 2 ,4-D mixture and they were applied at 2 DBS. 
As revealed by the 1 0, 20 and 40 DAS evaluation of herbicide phytotoxicity 
(Table 3) ,  just like in alachlor used on sorghum, Screen can act as safener for 
butachlor and its 2,4-D mixture on direct seeded rjce under Philippine situations at 
concentrations 0.06 to 0. 1 25% a.i .  (w/w) . Pre-germinated seeds sown on butachlor
treated plots have fully recovered at 40 DAS even without Screen. However, for 
the simultaneous evaluation on butachlor + 2 ,4-D treated plots, 0 . 1 25% of the 
antidote was needed to nullify phytotoxicity . Screen can therefore be applied 
on butachlor and butachlor + 2,4-D-sensitive DS rice varieties , to minimize the 
stand and growth reductions resulting from herbicide exposure of seedlings. 

Increased weed control efficacy and improved crop safety resulting in higher 
grain yields in direct puddle-sown rice is possible by 24 DBS application of buta
chlor , 6-8 DBS application of butachlor + 2 ,4-D mixture and the use of Screen as 
seed safener. This weed control technology should facilitate 2 cropping seasons 
with high yielding and short maturing variety like I R-36 and realize 7 - 10  MT/Ha. 
grain yield per year as opposed to the 1 .5-2 MT/Ha. from single cropping of the 
traditional variety. 
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Keith Moody , Discussant 

Wet-seeding (sowing of pregerminatcd seed on to puddled soil) is increasing 

in importance as a method of growing rice in the Phil ippines. He rbicides arc often 

reC\lmmen ded for weed cont rol in wet-seeded rice because of the d i fficulties 
encoun tered with h and weeding when rice seeds are broadcast onto the soil surface . 
However, select ivity is often marginal because the rice and weeds are at the same 
stage of d evelopmen t .  Consequen tly ,  the rice plant and the wee-ds may show the 
�ame degree of susceptibil i ty to  the applied herbicide. 

There are many wuys that h erbic.ide selec tivity in wet -secd·�d ri.:c can be 
imp l l>vcJ . TI1e authors describe two. One of these , which involves no monetary 
ou tlay o n  the part of the fanner, is altering the time of applica tion of  the her
b ici d e .  By applying butachlor and tile proprie tary m i x tu re of bu tachl o r  + ::! ,4-D 
h e lene seed ing the au thors obta in.::d less crop inj u ry ,  be t ter weed con t ro L  and 
high e r  yit'lds compa red w ith the convcnti<)naJ applicat iou time nf 6 days after 

S\.'elllrlg. 
Ht?rbicide applica t ion bcfon:: seed ing did not completely eliminate herbicide 

phytotoxicity because stand reduc t ion and growth redu ction was obse rved with 

both herbicides. When water con trol is poor and the fiel d  is tlooded at or soon 
a ft er plan t ing severe stand reduction migh t occu r even though th e herbidde is 

appl ied before seed ing . To min imize s tand an d growth red uctions resul tiJJ� from 

exposu re of the seed l ings to herb icides the au thors have u se d  a crop safener, MOL" 
460 1 . 

With ou t a doub t,  MON 460 1 does fulfill it s purpose but the farmer may 

be reluc tan t to use such a compound because of the expense involved an d having 

t (\ Sl)llk see ds in the safener adds one m ore step to the pro duction process. Com· 
b iniag rhe he rbic id e with the sa fe ner as has been done for other products is an 
al ternati ve th at should be considere d .  

Another method of reducing herbicide toxicity i s  t o  reduce the rate o f  
herbicide  applied . This m ay resul t in less crop damage a n d  less monetary inpu t 
without loss of weed con tro l . The farmer may even be willing to accept some loss 
of weed cont rol if he can be guaran teed a good stand at less cost . Weeds wh ich 

escape the herbicide treatment can then be removed by hand.  
Wet-seeding of r ice will con t inue to increase in importance in  the  Philippines 

if the problems of control l ing weeds and d amage due to herbicides can be solve d .  
The type of research that t h e  au thors describe needs to  b e  continu ed and o ther 
approaches for reduc iJJg herb icide damage should also be considered . With the 
concerted effo rt of everyone concerned , the farmer in  the not-too-distant fu ture, 
will be guaranteed that every t ime he plants wet-seeded rice and appl ies a herbicide 
he will not have to worry abou t herbicide damage. 
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COLLECTION AN D TAXONOMIC STUDIES OF THE B LUEGREEN 
A LGAE AN D N ATURAL POLLUTION 

G regorio T. Velasq uez 

National Scientist. Hmeritus Professor of Botany 

Un iversity of the Philippines. Quezon City 

Philippines 

Introduction 

I pu rsued as much as possible in abou t 30 years th e various habitats of the 

bluegreen algae in the Philippines . In 1 962 . there was published in the Philippine 
J o u rnal of S cience Vol .  9 1 . No. 3 .  a monographic t reatmen t  of these algae which 

gives a com ple te record of 1 6 2 species and 3 forms . The ecology o f  the distribu 
tion of the algae was suppl emented by a close observation a nd record of habitats 

where the materials were collec ted . See map on page 54 . 

Research H·ocedure and Obsi'J1 'ation 

Th e Phil ippines as a t ro pical cou ntry has generally unifo nn cl ima te with 

the annual average t empera ture of 24° to 3 1  °C excep t in some isolated places 

l ike the Mou ntain Provinces in Northern Lu10n and M t .  A po in Sou th e rn M i ndanao. 
Bo t h  are dwrac t e rized with much higher el evation and consequently exhi bi ting 

ve ry much lower temperat ure.  As <� whole the cou n t ry has many inland waters 
o f  various sizes in the fo rm of l akes , rivers. ponds, ca nals and stagnan t pools. There 

are also many low areas oftcu timcs occupied by squat ters  while o t h ers are waste 

l ands with generally sunken rolling topog.raphy . The former are usually moist if 
not submerged in shallow water almost th roughout the year inclu ding several 

p remises around many open markets where small private business shops were 

establ ished permanently . The areas constitu te very fertile collecting grounds for 

the bluegrcen algae . I t  is a perenn ial s igh t of natural  pol l u tion in very much less 

developed p arts of the Philippines . U ndou btedly this is equally true in other devel

oping countries of the Southeast Asia incl u ding the Pacific regions. 
On the Other han d .  in many fishponds general ly  stocked with mil kfish, 

Chanos clwnos and t ilapia,  Tilapia mosamhica arc develop ed freqncn tly wa ter

blooms o f  Microcystis aemginosa, Uscil/atoria tenuis, 0. chalybea, 0. princeps, an d  

Phormidium tenue during t he wann sunm1er m onth s .  Lyngbya aestuarii often

times with some Oscillatoria species grow extensi vely and develop blanket algae 
in some fishponds of rice paddies and inland est uaries . Four tecu species generally 

produce to xicity during the warm summer months (Table page 3). In some rice 

5 3 
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MAP OF THE 
PHILIPPINES 

Batenes Province _ _ _ _ _  1 
Burgos, l locos Norte _ _ _ _  2 
Hundred Islands . _ _ _ _ _ _  3 
Baler, Quezon _ _ _ _ _ _ _ _  4 
Metro Man ila _ _ _ _ _ _ _ _  5 
Catandu anes . _ _ _ _ _ _ _ _  6 
Puerto Galera. 
Or. Mi ndoro _ _ _ _ _ _ _ _ _  7 
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El N ido, Palawan _ _ _ _ _  8 
Puerto Princesa. 

Palawan _ _ _ _ _ _ _ _ _ _ _  9 
ouma11uete City .  _ _ _ _  10 
Cagayan de Oro . _ _ _ _  11 
Bongao. Su lu Prov . . _ . . 12 
Siasi. Sulu Prov . .  _ _ _ _  13 
Davao City _ _ _ _ _ _ _ _  14 

Map shows the fourteen stations (solid circles) where collection and study of the benthic 
marine algae were made. One collection was done in every visit. 
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paddies are also usually developed abundant growth of To�vpothrix tenuis which 
form algal bloom during some hot weather. Where Spirogyra and other green algae 

such as Cladophora and Rhizoclonium species grow abundantly , the young rice 
plants generally become affected with the fast growing green algal f.tlaments. As a 

result , u nusually t he rice plants undergo slower growth due to the green algae. 

Several obiquitous bluegreen algae now start to grow which add to the algal pol

lution .  

I n  Laguna d e  Bay, M. aeruginosa i s  an annual waterbloom which usually 
develop during the late summer months. Oftentimes the bloom is immediately 
followed with the death of milklish and other less resistan t organisms present in 
several food chains. The death of the fish sometimes gives a nat ional problem : 
the bloom which causes adverse e ffects to the growth of several aquatic organisms 
add to the sources of natural pollution. This causes inevitably the death of 

thousands of milkfish due to the complicated nature of pollution accompanied 
by the slow process of asphyxiation of usually the less resist an t  organisms. Accord
ingly, similar phenomenon happens also in other ponds in the country which unfor

tuna tely have not been regularly repo rted. 

Records o f  canals and stagnant pools generally promote growth o f  Spiro/ina 

subsa/sa, S. major, Oscillatoria tenuis, 0. cha/ybea and 0. princeps. The majo rity 
of collecting grounds visited during the dry season give the prevalence of higher 

summer temperature from the second half of February to June. Rain is generally 
least observed during these months. The temperature, however remains almost 

constant during the rest of the year covered by the rainy season from 1 uly to part 

of September. Repeated observations show that the twenty species reported in this 

paper are mostly species of natural pollut ion (See Table). Most of them belong to 
the family Oscillatoriaceae . There are many other blu egreen algae which are also 
studied but did not have their habitats classified with those of the pollut ing species. 
They may be mentioned as Aphanothece stagnina. Phomudium papyraceum, Sym· 

p/oca muscorum and Fisherel/a ambigua. 

The species of the genera Oscil/atoria and Spiru/ina have apparently very thin 
sheaths which could obstruct or slow down infrequently the flow o f  the cell 
nourishments and wastes of metabolism. The easy passage of raw materials needed 

in food syn thesis and the release of wastes due to cell activities are in the maxi

mum . As a resu l t ,  the cells in the filaments in immensely increased proportion multi
ply faster than those of the other organisms in the same habitat . 

In the phenomenon especially of excess population of many bluegreen algae, 
there is inevitably the accompaniment of excess t oxicity. The reserved food of the 

algae being proteinaceous, when they d ie produce a toxicity which generally inhi

b its the growth if  not kill other organisms in the immediate vicinit y.  This is one 

source of excessive pollution commonly happening in many canals including t he 

indefinitely stagnant waters an d other places mentioned elsewhere. The atmosphere 
gives an obnoxious odor which is a nu isance to t he immediate vicinities. On the 
other hand, the great majority of species with generally prominent sheaths fail to 



Table. Representative species of the collection to show the nature of the habitat from where many bluegrcen specimens are generally available 

Permanem Water Usually Wet 
Species Usually Remark 

Muclz Less Mostly Moist Dry 
Pollution Pollution Wet vr Dry -

1 .  Microcyst is aeruginosa XX Spiru/ina subsa/sa, 
2. Spirulina subsa/sa XX S. major, Osci//atoria 
3. Spirulina major XX X pro/ifica, 0. tenuis, 0 prin-
4. Osci/latoria prolifica XX ceps and 0. cha/ybea were 

5 .  Osci/latoria tenuis , XX X X collected dominant in perma· 

6.  Oscillatoria princeps XX X X nent canals with much pollu-

7.  Oscil/atoria chalybea XX X tion. They do not have 

8. Phormidium inundatum X X)( conspicuous sheaths. Lyngbya 

9. Phormidium retzii X X martensiana is an exception. 

1 0. Symploca muscorum XX Usually dry habitat did 

I I . Lyngbya major XX XX not yield much specimens 

1 2 . Lyngbya martensiana XX except some Scytonema species. 
1 3 . Porphyrosiphon fuscus X 
14 .  Microcoleus vaginatus X XX 
1 5 .  Nostoc communutun X )( 
1 6 .  Desmonema wrangelii X 
1 7. Tolypothrix tenuis XX 
1 8. Scytonema hoffmannii XX X 
1 9. Scytonema guyanense XX X 
20. Calothrix braunii X 

Note:  Species I to 14  are major sources of  pollution, the rest of  the species up to 20 do not  contribute much. 
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One plate: 1 .  Coccochloris stagnina, 2. Microcystis aeruginosa, 3 .  Spiru/ina subsalsa. 4 .  Phonni· 
dium autumnale, 5. Oscil/atoria brevis, 6 .  0. , granulata, 1. 0. tenuis, 8. 0. princeps, 9.  
Lyngbya aestuarii, 1 0. Symploca muscorum, l l . Scytonema guyanense, a n d  l 2. Nostoc 
muscorum. All x 810 except S. guyanense x 355.  
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grow as fast and therefore the increase in pollution is very much less during the year. 

There are additional characteristics in the bluegreen algae which may be 
differrently developed aside the presence of very thin sheaths, which should influ

ence easily the permeability of some struc ture of the cell wall together with the 
membrane. Others are subsequently inherent in the growth and development o f  

the species. Unfortunately , they are not within the scope of investigation and there

fore should need another study and discussion. 
Additional bluegreen algae of wide dist ribu tion and where they grow in abun

d ance should b e  studied fur ther.  A biochemist mu st be available to study the 
relative potency of tox ic i ty which these algae produce in many habitats. He should 
be able to suggest controlled measures after consultation with th e researcher . When 
the necessary data is comple ted, one very practical way to eradicate, if not control 

the growth of the bluegreen algae , is to introduce c unent s which accelerate the 
aeriation of the locality concerned . What presently appear to be clear like several 

s tanding waters can be colonized later by the fast growth of ub iquitous bl uegreen 

algae (sec plate again with first 1 2  figures). 

KEY TO FAMILIES 

I .  U nicellul ar to colonial forms . . . . . . . . . . . . . . C'hroococcaceae 
I .  Always fil amen tous fo rms . . . . . . . . . . . . . . . . . .  2 

.., Cel l s  of trichomes u nifonn. he terocys ts absent . Oscilla toriaceae 

2.  Cells of trichomes not u niform, heterocysts 

present . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

3 .  Trichomes generally narrower within the sheath . . . . Nostocaceae 

3 .  Trichomes generall y much wider w ithin th e thicker 

gelatinous sheath . . . . . . . . . . . . . . . . . . . . . . . . Scytonemataceae 

Family CHROOCOCCACEAE 

1 .  Cells less in dian1eter, contents finely granular . . . . .  Aphano thece stagnina 

1 .  Cells larger in diameter, contents coarser with 
psucdovacuoles . . . . . . . . . . . . . . . . . . . . . . . . .  Jlficrocystis aernginosa 

Family OSCILLATORIACEAE 

I .  Trichomes ftl arnentous and spiral . . . . . . . . . .  0 0 • 0 2 
1 .  Tr ichomes also fJ.Jamentous but  not spiral . 0 0 • • • • •  3 

2 .  Spirals of trichomes apparently attached to 

each other o • • • • • • • • • • • •  0 • • • • • • • • • • •  Spirnlina subsalsa 

2 0  Spirals of  trichomes far apart . . 0 • • • • •  0 • 0 0 S. major 

3 .  Trichomes aggregated in a common gelatinous sheath 4 
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3 .  Trichomes free from the gelatinous sheath . . . . . . . . 5 
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4. Apical cell of individual trichome capitate . . . . Microcoleus vaginatus 

4 .  Apical cell o f  individual trichome rotund 
not capitate . . . . . . . . . . . . . . . . . . . . . . . .  M paludosus 

5 .  Sheaths o f  t richomes hard ly visible . . . . . . . . . . . .  o 
5 .  Shea ths o f  trichomes conspicuous, thick and 

stria ted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Lyngbya aestuarii 

6 .  Trichomes up to 1 O u  in  width . . . . . . . . . . . .  7 
6 .  Trichomes more than 1 Ou in wid th . . . . . . . .  8 

7 .  End o f  t richomcs rounded . . . . . . . . . . . . . . . . . .  Oscillatoria amphibia 

7 .  End o t' t richomes sharply tapering . . . . . . . . . . . . . 0. animo/is 

8 .  Width o f  t richomcs much wider up to 60u . . . . 0. [ln'ceps 
R .  Width o f  t richomes much narrower . . . . . . . .  9 

9 .  Cells o f  trichomes not c o  nst ric ted a t  join ts 

towards apex . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0  
9 .  Cells o f  t richomes const ricted a t  joints and 

bent  towards apex . . . . . . . . . . . . . . . . . . . . . . .  0. cha(l 'bea 
1 0 . End cell shaped l ike p roboscis . . . . . . . . . . . . 0. proboscidea 

l 0 .  End cel l  ro t unJ . . . . . . . . . . . . . . . . . . . . .  0. limo so 

Family NOSTOCACEAE 

I .  Th allus irregularly expanded . filaments free, 

regularly or spirally coiled . . . . . . . . . . . . . . . . . . . Anabaena spiroides 

l .  Thallus irregularly expa nded , ftlamen"ts enta ngled , 

not regularly anti spirally coiled . . . . . . . . . . . . . . . 2 
2 .  Trichomes narrow , 3-Su wide . . . . . . . . . . . .  :Vostoc muscomm 
" Trichomes na rrow . 4 . 5 -6u wide . . . . . . . . . . . N. communi 

Family SCYTONEMATACEAE 

l .  Filaments f1oating usually colonial, cushion -shaped, 
sheaths very co nspicuous . . . . . . . . . . . . . . . . . . . Tofvpotrix tenuis 

1 .  Filaments growing most l y in moist rocks and 

soil,  sheaths conspicuous and not st ria ted ,  false 

branching presen t . . . . . . . . . . . . . . . . . . . . . . . .  Scy tonema gu) ·anellse 

Remarks : Th e manuscrip t at tem pts to en ume ra te as much as possible the blue
green algae which were observed to be the sources of major pollu tion so far s tud ied 

in the Ph ilippines . Collections were made in Luzon and part ly in the Visayas and 

Mindanao areas. 
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Joventino D. Soriano, Discussant 

The lifelong and painstaking work of Dr. Gregorio T. Velasquez on the blue

greens will stand out as an example of a basic research with great significance for a 
long time. As his former masteral thesis student some thirty years back, I have al
ways admired his undying enthusiasm and interest in his studies. I do not know of 
any word in any language that would best describe his love for his work and, except 
his wife, Dr. Carmen C. Velasquez, who is likewise a t1ercely research-oriented pro

fessor, I have yet to see another Filipino scientist who has been gifted with the 
strong determination and persistence to work , with or  withou t honorarium ,  on his 
research project everyday be it on weekdays, week-ends or holidays. Dr . Velas
quez has indeed shown us how to do research well and m ay his life serve as an 
example to our you ng and promising scientists that indeed the proverbial pot of 
gold literally awaits at the end of the rainbow for those who will take the so-called 
rocky and rugged path of dedicated research. The government is supporting finan
cially the national scientists of our country through an adequate monthly pension 
when they are already too old to earn a living. This is our nation's way of showing 
its appreciation and gratitude to these scientists for work well done far beyond the 
call of duty. It is not too late for anybody in the academic or technical professions 

to begin today a new life - a quite fruitful life fully dedicated to productive re
search the Velasquezes way. 

To evoke fu rther interest in the blue-green algae and to enahle us understand 

some of the biological processes in the cell, it has been known for a long t ime that 

the cells of Myxophyceae are structurally different from those of green algae and 

other higher plants. A review of recent electron microscopic studies appear to sup

port this view. 

With regard to the cell wall and cell sheath, t he cells are attached to each 
other by a wall often forming a bead-like trichome . Each cell is surrounded by a 

mucilaginous sheath with many short fibrils. These fibrils extend from the outer 
wall outward through the mucilaginous sheath. The sheath surrounding an akinete 
or heterocyst appears to be a compact fibrous material. This may explain the resist
ance of t hese reproductive bodies to conditions of dessication and pollution com
monly observed in population centers. 

Concerning cytoplasmic particles, the lamellae which probably correspond 
to the photosynthetic apparatus of higher plant cells divide the cytoplasm into 
several layers of varying widths. The lamellae appear to be concentrated at the 
peripheral region of the cell probably for maximum light reception. 

0 
Dense granular bodies measuring about 300-350 A in diameter are distributed 

all over the cytoplasm. Small ribosome-like particles are densely distributed toward 
the central region of the cell. Another kind of particles which measures about 
.4-.8 micro in diameter show a dense matrix made up of particles as "dense struc
tured granule" and are thought to be mitochondria-like bodies in the blue-green 
algal cell. 
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One or more vacuoles of varying sizes have been ohserved throughout the 

cell . They lack of definite membrane. 
Regarding the nucleoplasm, a network of fine fibrils has been commonly 

0bserved more or less toward the center of the cell. The nucleoplasm lacks of 
membrane and assumes an irregular form. It gives a positive react ion to the Fuelgen 

test and is thought by many workers to be an "incipient nucleus." 
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Macrina T .  Zafaralla. Discussant 

It is indeed very timely that no less than Dr. Velasquez , father of Philippine 
phycology, chose to focus the subject of his paper on the most important group of 

freshwater algae in the Philippines today . 
The Cyanophyta is the most important because presentl y .  the biggest bulk o f  

research money ever put into a particular algal group is being funneled into blue
green algal s tudies. These studies include nitrogen fixation by free-living bluegreens, 
N2-fixation by the Anabaena-Azalia symbiosis an d lately . single-<:ell protein 
p roduction from Spin.tlina. Count among these the funds that are now being 
siphoned to ecological studies involving the aquatic environment where the blue
greens, cosmopolitan and perennial as they are , always captu re the at tention of 
those who search for biological indicators of water quality . 

Dr. Velasquez, the grand old man of Philippine phyc ology , is the incontest
able Filipino botanist of world-wide renown in as far as blue -green algal taxonomy 

is concerned. He pioneered the field of science which he represents  in this country, 
therefore, to hear him stress the importance of systematic studies is a salute to the 
few of u s  phycologists who devote the most productive part o f  their lives to this 
painstaking scientific endeavor. 

The importance of taxonomy cannot be overemphasized. The strides achieved 
in phycology are founded on the strength of floristic investigations. 

Dr. Velasquez made references on the population down to the cellular level of 
organization . Algal associations with certain environmental conditions and situa tions 
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were cited b y  him like the algal bloom s  o r  water  blooms particularly those of 

Microcystis in Lagun a  de Bay which are frequent ly followed by the now-famous 

llsh kill phenomenon.  Population studies involving phytoplankton like Miaocystis 
are vital in the determ ination of the carrying capacity of a body of water. At the 
cellular level, the p ro fessor made men tion o f  the cel lular characteristic s  of species 

which necessitate the fonnation of control measures so that these organisms would 

not pose aesthetic problems in the e n vironment . A nother facet  of research identi

fied was that on algal toxins. 

In addition to wha t the p rofessor has u n derscored in his p aper ,  and to backup 

Ius foresight, I wou ld lik e to add that toda y ,  there stands the challenge for research

ers of algae and of o ther organisms as well , to identify wh ere they should begin and 
participate in the task o f  e nvironmental protection/conse rvatio n and food p roduct
ion.  

The professor made mention o f  algal species o f  natural pollution. Algal indi
cators of environmen tal change need fu rther re finement for these to be of grea ter  
reliability and applicab ility. We l ook forward to the day when the structu ral and 
functional features of algal communi ties can be used to p redic t occ u tences of  
dreaded environmental phenomena such as  that of a fish kill. Algal assays to re flect 

the extent of environmental contamination by h eavy metals , ag ricu ltmal pollutants,  
enriching nu trients and the like arc basically a t  the infancy of experimen tation 
under local condition s.  We need to devel op algal assays th at  a rc adap ted to local 

c ondit ions. 
There is a need for us to be able to relate with resou rce managers a n d  

decision makers s o  that what appears t o  b e  pu rely academic stuff docs not only go 
beyond t he shel ves of our offices but also land on the decision make r's table . This 
end can he achieved by participation in the design and impleme n ta tion of environ
me ntal in1pact assessm ent and evaluation systems for devel opment p rojects. 

Dr . Velasquez's paper strikes me as a valuable e nd orsement of the long-held 
view that there is more to the science of phyc ology than what we algologists are 

presently doing. The professor has st ressed some of the research gaps . Every re

sea rcher on algae should pe rhaps join the p rofessor in his commitment to timely 
directions  for algal research in the Ph ilippines today . 
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SEAWEED HUSBANDRY : A SOCIO-ECONOMIC ISSUE 

Paciente A. Cordero, Jr. 

National Museum of the Philippines. Executive House 
Rizal Park, Manila, Philippines 

Introduction 

This paper attempts to present data obtained from completed and on-going 

researches on Philippine marine macro-algae and to trace its possible linkage with 
the issue on socio-economics. 

Overview 

Archipelagic countries like the Philippines confine most of their rich harvest 

from the sea to animal materials like fin-fish, shell-fish and sea mammals . The 

marine plant materials, predominantly seaweeds, compose only a small fraction of 
the resource gathered from the marine habitat . This, despite the fact that most of 

these marine macro-algae have varied uses ranging from food staples, industrial, 
biomedical, and agricultural needs, to a more revolutionary use, stemmed from the 

concept of 'biomass energy'.  These remarkable uses of seaweeds if seriously t apped 

in the less developed or developing countries, specifically those within the peri
phery of t he Pacific Basin, is expected to favor the balance of their economy and 

improve the social status of the populace. More than just being contented with har

vested seaweeds feral in nature, there is no assurance in any manner of predictable 

commodity. There is, therefore, a need to introduce seaw�ed husbandry imbued 

with the idea of judiciously utilizing specific seaweed species herein termed as crop, 

conservation of resources, propagation of superior species, and an assurance of con

tinuously renewable supply of the crop. 

The elements of husbandry adopted for terrestrially-prociuced agricultural 

crops are also applicable to edible seaweeds or sea vegetable algae, thus:  

1 .  Identification of the seaweed species with emphasis on the physiology 

and morphology of the economically useful part of the crop. In the 
case of seaweeds such as Eucheuma, Gracilaria, and Porphyra, the 
entire t hallus is the economic organ. 

2 .  Characterization o f  the eco-niche o f  each species a s  a guide t o  plot their 

distribution as well as determine the opt ional population density for 

maximized production output. 

65 
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3.  Introduction of structural and nutritional technologies designed to en

sure dominance of the crop over wild stock herein considered weeds. 
4. Ensuring effective growth control techniques upon the crop with the 

end in view of determining the approximate regularity of harvest sea

son .  

Husbandry, more associated with the domestication o f  crops, when applied 
to seaweeds may cover its sustained production as well as the regulated foraging 

of economically useful species. Briefly, husbandry may fall within the context of 

managed cultivation and harvest of marine plants/seaweeds. Successful husband ry 
necessitates healthy research and development (R and D) act ivities on the crop to 

be domesticated .  R and D as precursory step to seaweed husbandry once appl ied 
in the Philippines may be determined by some factors : 

1 .  The necessity to meet market demand . 

2.  The need to operate profitably within the sphere of legal and ethical 
constraints. 

As in any business the acceptance of seaweed husband ry through the medium 
of maricultur�:: practice of economically viable species is geared at maximizing 
production to meet market demand. Thus, the goal of most businessmen in order 
to keep alive their industry i s  to bloat the return of investmen ts (ROl)  of the stock
holders , corporate partners or government funding agencies act ing as investors 

and/or owners. This is done by ge tting involved in sound investments in pro fit

able ventures. Definitely R and D programs. in any language, are among the most 
speculative of investments. Sad to say , that the atmosphere for R and D l ending is 
at i t s  ebb at present in the Philippines. This bleak picture is a t t ributable to the fol

lowing reasons : 

1 .  Insufficiency and diverting of money available for innovat ive R and D 
projects to tasks way down the ladder of priorities. 

2 .  Disenchantment among technically trained personnel/researchers t o  get 
involved on R and D activities, a repercussion of the aforement ioned 
factors . 

3 .  Absence o f  an integrated seaweed research center where R and D pro
grams may he init iated. 

4. The issue on poor money management by lending agencies has led to 
fears of gross economic collapse. The idea of risk-avoidance mentalit y 
simp ly discourages R and D expenditures .  

5 .  Growing skepticism about the credibility o f  benefits that science and 
technology can offer .  This is based largely on a poor understanding of 

what science is and how its results should be handled . 
6 .  The energy crunch i n  the early 1 970's has caused a shift o f  innovative 

efforts to energy conse rvation and disenchan tmen t from prod uct devel
opment e fforts. 
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The net result of these factors, unless checked in due time, is a tremendous 
socio-economic displacement aggravated by reduced fmancial support for in-house 
basic research in seaweeds. One of the more timely remedies to this socio-economic 
upheaval (low production out-put and subsequent dislocation of workers), is em
phasis on 'fire-fighting' projects to save our unindustrialized seaweed resources 
through the introduction of husbandry of seaweeds .  

Seaweeds as Export Commodity 

Many valuable species of marine macro-algae have never been tested, and 
many more including some previously mentioned in literature , have still unrealized 
potential . The results of a completed research, described a total of seventy six 
(76) species of useful seaweeds gathered from several points in the Philippines 
(Cordero, 1980). 

Also, a progress report covering year one (October 1 982-September 1 983) 
of an on·going project based on Panay Island presents significant data on t he iden
tification,  seasonal occurrence and distribution of forty-two (42) species of sea 
vegetable algae (Cordero, 1 983). Both the 1 980 and the 1983 projects, proofs of 
the richness of our seaweed resources and their potential export capabilities, drew 
fundings from the National Research Council of the Philippines (NRCP) and 
the National Museum (NM). Among the potentially economic seaweeds described 
arc Caulerpa, Eucheuma, Gracilaria, Gelidiella and Porphyra - e njoying extensive 
distributions in both flanks of the country, but for Porphyra which is confined 
to northern Luzon .  

Until the first half of the 1960's t h e  Philippines seaweed export relied mainly 
on harvesting unmanaged nat ural/wild stock materials of Eucheuma and Gracilaria. 

The pressing needs for higher quality and greater stability and quantities of certain 
seaweed species, drove the innovative indust rialists and farsigh ted governmental 
agencies to look toward managed cultivation, or mariculture, as ready answer. 

The development of seaweed mariculture has progressed at an imperceptibly 
snail's pace compared to terrest rial-based agriculture. As expected ,  crops unde rwent 
boom-and-bust cycles dictated with radical price fluctuation in the international 
markets. Incidentally, in the late 1 960's mariculture made its debut in the Philip
pines using Eucheuma as stock material (Doty, 1 973).  The technology introduced 
was none theless exciting considering that it involves the use of vegetative pro
pagation through cut tings or  fragmentation of thalli .  

Endowed with favorable ecological parameters, including its  geographical 
location in the tropical region, the Philippines boasts of a rich natural seaweed 
popula tion. Not only do these crops serve to supplement the harvestable and 
exportable i tems, their locations serve also as natural guide for mariculturists where 
to fix their culture set-ups. 

Incorporation of mariculture harvest (Eucheuma ) with those natural stocks 
gathered as feral crops (Gracilaria, Sargassum ), helped improve the Philippine 
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seaweed export as gleaned from the ten-year Bureau of Fisheries and Aquatic Re

sources (BFAR) report , thus : 

Year QUANTITY (Kgs.) VA L UE (1') 

1 9 7 1 4 7 3 , 5 1 1  1 6 3,979 

1 9 7 2  259,049 237, 1 64 

1 973 5 2 2,649 307, 1 2 1  

1 974 2,099, 1 95 4 ,825 , 3 7 8  

1 97 5  3,675,939 1 0,749,605 

1 9 76 5,900,000 1 3 , 1 52,965 

1 977 8 , 1 36,500 1 5 , 1 5 2, 3 89 

1 9 78 85,8 24,000 1 8, 6 1 2,030 

1 9 79 106 , 1 07,000 5 8,568, 2 1 9  

1 9 80 1 1 5 ,65 2,000 63,7 30, 3 5 8  

Likewise, noteworthy was our 1 979 and 1 980 seaweed exports to several countries, 
top five being the following: 

CO UNTRIES QUANTITY (Kgs.) VA L UE (1') 

Denmark 4,878,066 and 1 3.229,769 and 

4 ,524,372 1 1 ,230,920 

USA 4 , 24 3 , 1 1 6 and 1 9,5 5 1 ,505 and 

2,285,848 2 1 ,0 1 3 , 1 06 

Germany 1 ,5 3 5 ,500 and 4,070, 3 5 3  and 

9 1 4 ,000 9 3,240 

J apan 1 ,890,8 1 1  and 1 0,07 3 , 1 07 and 

1 ,678,606 1 2,0 14,883 

Spain 1 , 1 96,000 and 3,382,400 and 

1 ,479,500 3,5 76 ,745 

One should note that the figures presented above are purely results of the 
introduction of mariculture technology using Eucheuma species. Considerably, this 
red carrageenophytic alga constitutes the bulk of our seaweed export commodity. 
However, using the 1 978 data provided by the BF AR Regional Office in Cebu, the 
brown Sargassum shows the following export statistics, mostly to Japan (c.f. Cor
dero, 1 98 1 ) : 

September 1 978 . . . . . . .  . 
October 1 978 . . . . . . . .  . 

97,000 kilos (dry weight) 
2 1 4,400 kilos (dry weight) 

Another seaweed exported to Japan from Cebu, is Cau/erpa although figures are 
not available. 

Indeed, mariculture, while this brought about financial benefits to some Fili
pinos, is one significant facet in seaweed husbandry. If we are to think about the 
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Japanese experience on their successful Porphyra mariculture and its subsequent 
husbandry, we should be thinking about doubled production for each break
through in cultivation methodology adopted by them. 

Porphyra, one of the first seaweeds to be industrialized , is largely produced 
and managed in every suitable bays in Japan. The slow but progressive improvement 
in the Japanese cultivation technique resulted in an industrial production of about 
860 million sheets of the papery, protein-rich red algae per year between 1 938 -
1 94 7 and increasing to 6 billion in 1 9 70. Five years later, 7 . 1  billion sheets 
(278 , 1 2 7  tons net weight) were produced giving a return of investment of $380 
million (Kurogi, 1 97 5 ). 

Incidentally, in the Philippines, where three known species of Porphyra grow 
(P. crispata, P. marcosii and P. suborbiculata), mariculture of this seaweed promises 
to be a rewarding venture (Cordero, 1 974 ). 

A feasibility study conducted on the sea farming of the genus Porphyra 
(P. marcosii Cordero and P. suborbiculata Kjellman) in the Philippines (J. M.  Cor
dero, 1 982), reveals encouraging results, thus : 

I .  Financial A spects. The proposed corporation shall have a 1"400,000 shares at 
� 1  00 per share. Of the ¥400,00 authorized, 62 .5% or ¥250,000 worth shall 
be subscribed and paid up by five incorporators/stockholders. 

The t-249 ,300 required investment will be financed t hrough equity 
of five incorporators who will each contribute ¥ 50,000 in order to start the 
project .  

One culture net, measuring 1 4  meters long and 1 . 5 meters wide with 1 2  
em. wide mesh, is expected to yield 20 kilos (net weight) o f  fresh Porphyra 
for three harvests (800 nets x 20 kilos) = 1 6 ,000 kilos = 5 ,333 drie d Porphyra. 
The selling price is P 1 80.00 per kilo or P30.00 per dried sheet (8- 1 0  inches 
in diameter), to increase at 1 0% annually based on an average inflation rate. 

B. Prospected Income: 

The expected sales and net income for five years are shown as follows : 

TIME ( Year) GROSS SA LES (Kgs.) NET INCOME ('!') 

Year 0 1  767,880 1 60,9 1 0  

02 929,0 16 2 2:!,8 3 2  

03 1 , 1 25,228 308,543 

04 1 ,362,8 16 4 35 ,56 1 

05 1 ,649,049 6 1 8,4 35 

II. Demand Forecast. The demand forecast could be gleaned from viewing the 
total target and categorizing them into two segments of the market. 

1 .  Primary Market. Restaurants and hotels in Metro Manila including those 
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found in major cities, serving Japanese foods and catering to the middle 
and upper income groups and the tourists flocking t he Philippines, 

especially t he Japanese averaging about 1 93 ,46 5 annuall y. Per informa

tion gathered from 54 big hotels and food establislunents,  each establish
ment uses approximately I ,000 kgs of Porphyra for regular Filipino 
customers and about 2 5 ,795 kgs annually for t ourists coming to t he 
Philippines. Hence, the total demand forecast is about I ,446,948 kgs. 

Another primary market for the products are the Japanese resi

ding in the Philippines which number around 3 , 500 consisting of about 
1 ,500 households. Again, based on interviews, each household con
sumes about I kg of Porphyra per month or a total of 1 8 ,000 kgs 
monthly . 

The other primary market are t he people o f  the llocos Region.  
The 1 ,064,084 1 potential consumers were determined by assuming t hat 
3 0% of the total households in the llocos Region would consume a 
modest amount of I kg of Porphyra a year. The 30% of assumption was 

based on the economic level of the population who c an afford this 
particular commodity . Hence, considering then t hat there are 3 ,543 ,642 

population in the Ilocos Region (Philippine Year Book, 198 1 ), the 

total demand forecast is about 1 ,063,089 kgs. 
2 .  Secondary Market. The secondary market  shall be t h e  Filipinos who 

have learned to eat and accept the nutritive values of Porphyra. Of the 

total Metro Manila population of 5 ,843 ,000 (Ph ilippine Year Book,  
1 98 1  ), the potential market is  assumed to be 2% only . The percentage 
consumption is a conservative one considering that t he commodity to 
be offered is new to most of the populace so much so that it is assumed 
that each of the 1 1 6 ,8 72 individuals will consume at least 0.5 kg of 
Porphyra annually. 

The total demand forecast for bot h the primary and secondary 
markets is 2,586,473 kgs per ann um. 

It is p rojected that t he corporation will be able to penet rate its 
target market of 1 00% after year three of its first five years of  opera
tion. 

Based on computations, net income is expected to increase by 
38% annually. 

I I I .  Socio-Economic Implications. The proposed project anticipates to b ring 
about several economic benefits to various sectors. 

a. To the Incorporators. An expected annual income of 1"272 ,964 or an 
average of P 54,592 per incorporator appears highly realistic . This will 
generate an earning of 1 09% for each incorporator's investment o f  
PSO,OOO. These earnings pooled together could be reinvested t o  expand 
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the b usiness as to include other commercially important seaweed 

species. 
b .  To the Government. The Philippine government stands to profit from 

the proposed project in the form of income taxes paid by the corpora

tion , the individual incorporators as well as by the major employees of 
the firm . 

c. To the Society. The project expects to save several establishments, 
viz., hotels, restau rants, dollars in the importation of dried Porphyra. 

This will help provide the low income Filipinos, specifically, cheap 
source of prot ein, iodine, etc.,  once Porplzyra becomes acceptable as 

part of their meals. Additionally, the project expects to help solve 
part ially unemployment by hiring laborers to at tend to the mainte
nance of the seaweed farm, harvesting, drying, packing and handling 
of the product for marketing and dist ribut ion purposes. 

Our Eucheuma production from feral crops to mariculture through vegeta
tive propagation minus husbandry, shows the following figures ; t hus, our harvest 

d windle d from a high of 1 ,000 tons in 1 968 to 3 1 8  tons in 1 9 73 ; export from 805 
tons to 264 tons dry weight (Caces-Borja,  1 973).  I n  1 974, the production Hgure 
improved following limited investment in R and D done by one foreign-fmanced 

b usiness outfit.  Tiws, from the premariculture production figure of 500 tons (dry 

weight)  harvest in 1 9 7 3 ,  it skyrocketed to over 1 0 ,000 tons. One thing is. howeve r,  
discernible b etween the Porphyra and Euchewna projects of Japan and t he Philip
pines, respectively . The forme r is owned totally by the Japanese, while the latter 

is not owned by the Filipinos. 

Prospects of Seaweed Husbandry 

When refe rring to whether seaweed husbandry is present or practical to intro
duce in the Philippines, consideration should be given the following q uestions : 

I .  Is there seaweed husbandry in the Philippines? 

As pointed earlie r ,  while mariculture of Eucheuma had its foot
hold in t he Philippines during the latter half of the 1 960's, no trace of 
husbandry went with i t ,  technically speaking! Superficially. however ,  
the  cultivation of the two genera Caulerpa and Eudzeuma may b e  con
sidered to have reached the minimal level acceptable under the cropping 
system standard. Species of green Caulerpa (C raccmosa and C lenti/

lefera), are cultivated vegetatively through cuttings and arc broadcasted 
in fish ponds o f M actan Island , Cebu. While that of Eucheuma {E stria
tum, E. spinosum, and E. cottonii), the large scale cultivation initially 

located in Mindanao are now mostly found in select waters in the Visa

yas and in the South China Sea Coast of the country. Again, while 

Caulerpa cultivation is owned by Filipinos, Eucheuma culture activities 
arc run by foreign capi talists.  I t  is evident that the principal concern 
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of the Eucheuma capitalists appear more of producing the crops to feed 
their respective mother/foreign based companies where processing of 
the raw material into industrial, biomedical and food products take 
place . 

The answer, therefore, to the above question is YES, but only to 
a limited extent, Also, that elements of husbandry are applicable to 
both feral crops composed of Caulerpa, Sargassum, Eucheuma, Garci

laria, Gelideila and Porphyra species as well as the cultivated species 
of Cau/erpa and Eucheuma. 

2 .  What i s  the state-of-the-arts of seaweed or  sea vegetable algae husbandry 
obtaining in the Philippines? 

The issue raised by this question is whether the current state-of
the-arts of sea vegetable algae husbandry accepts the possibility of its 
being packaged for future technology t ransfer.  

While it is accepted that experiments have been done to propa
gate and culture sea-vegetable algae as the green Cau/erpa and the red 
Eucheuma, Gracilaria, and Porphyra, only select species of the first 
two are presently being cultivated . The cultivation levels of Caulcrpa 
and Eucheuma, barely quantifiable as crop husbandry, are more appro

priately classified as a fishpond and an open ocean practice. respec
tively . 

Acceptably, however, while both Caulerpa and Euchcuma have 

reached t he commercial stage of production as an evidence of accept
ance of husbandry elements, still the agronomic measures needed to 
package a t ransferable technology have not been credibly delineated, 
quantified , and confirmed in field practise to allow large scale promo
tion of these marine resources. The anemic information on agronomic 
parameters necessary in the successful husbandry of seaweeds may flnd 
remedy through R and D efforts as well as relevant basic researches. 

Assessment and Projections 

Further refinement of the current mariculture technology is expected to im
prove the state-of-the-arts of sea vegetable husbandry considered key to the birth of 
a successful seaweed industry of the country. Somehow, we should try to graduate 
from too much dependence on the monoculture of Euchcuma and Caulerpa vege
tat ive propagation often dubbed as a quick-payback investment. Now on its second 
decade, proponents of seaweeds mariculture have yet to come up with innovative 
cult ure methods including studies on the plant's b iology or using reproduct ive 
characters as guide toward production of better strain or cultivar. 

I t  appears from the foregoing discussion that Caulcrpa and Euchcuma have 
safely attained the stature of cultivated crops, and that the elements of respon
sible husbandry are positive for these two sea vegetable species. 
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It might be worthy of note that in order to attain true commercial successes, 
following an appropriate management scheme of the seaweed industry, will depend 

on how fast we could change from monoculture to polyculture practice. In the 

latter practice several species of seaweeds and/or other crops interact synergistically. 

By adopting the polyculture system ,  overhead and operational costs would be 

spread over two or more commercial operations and would likewise allow extensive 

recycling of nutrients and water within the culture area. 

It is ripe, therefore, that a viable crop production package of technology for 

both Caulerpa and Eucheuma be collated taking into account the experiences and 

observations of mariculture experts in places where these twin marine crops are 

presently successfully cultured. 
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Gregorio T. Velasquez, Discussa nt 

It has been observed that an audience with biological interest like this after

noon is present to listen to the symposium. No other than the President of the 

University of the Philippines here at Diliman also arranged a series of symposia 

recently with speakers like our scientific program in the National Academy of 

Science and Technology. They were drawn from among the faculty of the Univer

sity, leaders of economics and selected politicians. Several members of the faculty 

and students attended to participate and discuss with the speakers. The symposia 
meant to evaluate the exchange of opinions primarily to offer solutions to the 

present state of the government and economy in the country. We wish then that 
our exchange of opinions today led by our speaker is equally fru itfuL 

Dr. Cordero mentioned among others that two species of Eucheuma. Porphvra 

and Gracilaria have been known as sources of carrageenan and possibly local 

sources of agar used by the people especially in the rural districts. Success has been 

shown in Eucheuma as presently a large source of the local dollar-earning towards 
the nation's economy. Porphyra and Graci! aria are beginning to attract also similar 

sources of dollar-earning needed at present. 
But if we can suggest other red algal specin1ens such as Hypnea nzuscifonnis. 

Laurencia pinnatijida and Gracilaria verrucosa, I believe that these marine benthic 

algae can be useful as good sources of exportable food like the three genera already 
mentioned above. The latter genera grow also in abundance in the local seas. 

The Philippines is an archipelagic country composed of seven thousand 
islands where seventy-five percent are marine waters, the rest freshwaters. On top of 
these records the freshwater in agriculture has most likely reached the maximum 
development production of our staple food. The fertilizers imported from abroad 
can not be available these days in agriculture. The prices are prohibitive since we 
do not have sufficient dollars. Even the saltwater of the sea has diluted our fresh

water used in some rice fields. Hence, the nation should keep alert of this slow but 
destructive change in the local ecology. 

But how can our alertness suit to the present national disaster'! Below then 

may be indeed very timely suggestions: 

I. That while Dr. Cordero has informed us of the exportable food re
sources like 

2. Euchcuma, with the varieties: E. striatu m  (cottonii of commerce), h� 
spinosum and possibly Porphyra crispata now included in the present 

mariculture. Fl. musc�(onnis, L. flinnat((ida and (;. l'CI-rucosa can be 
added. 

3. Only with exception that the algae for the selected stocks in propaga

tion be planted to adapt themselves to the ecosystem where they grow 
best. 

4. With time permitting the inclusion of genetic experiments and selection 

in the processing of better stocks should be done simultaneously. 
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5. And lastly, it is important that our workers in the field be possessed 
with interest and dedication to do the follow-up of the experiments 
in order to realize the excellence of results. The maturation of the marl
culture as in Eucheuma is needed to realize the objectives. 
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QUALITY ASSURANCE IN THE FISH PROCESSING INDUSTRY 

Florian M. Orejana and J. Espejo-Hermes 
Institute of Fisheries Development and Research 

University of the Philippines in the Visayas 

1.0 Quality Assurance vs. Quality Control 

The development and expansion of the local export trade of fish and fishery 
products can be facil itated by instituting a system of quality control measures. 

Quality Control is defmed as the application of measures that slow the dete
rioration of quality to its lowest practical rate while Quality Assurance is the appli
cation of measures that ensure the availability of only high quality seafoods for 
consumption. 

2.0 Schematic Diagram of an Ideal Quality Control Organization 
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3.0 Problems in the Local Industry Due to Lick of Quality Assurance Measur es 

3.1 Vibrio, Staphylococcus, Salmonella in exported shrimps and prawns 

Tons of frozen shrimps imported from the Philippines were destroyed 
because of V. cholerae contamination by Tokyo quarantine officials of the 

Health and Wel fare Ministry (April 21, Bulletin Tod ay, 1984). lt was the first 
case of cholera germs found in fro7.en shrimps imported from the Philip
pines. 

Failure to com ply with food import regulations has resulted to tre
mend ous losses incurred by exporters of fishery products, these losses can 
be avoid ed. Importing countries like West Germany, Denmark and France 
have strict specifications for food poisoning organisms such as Sta

phylococcus and Salmonella in frozen shrimps and prawns. These countries 
require the absence of Salmonella in 25 g sample; S. aureus counts must not 
exceed 1 o2/g sample. Mendoza (I 981) reported that the counts of S. au reus 

in market samples of frozen shrimps and prawns ranged from I 0 l - 1Q3. 
Three processing plants were found to be positive for Salmonella. Analysis 
of the possible source of contamination in four shrimp processing plants 
investigated showed a prevalence of S. aureus in the hands of workers ranging 
from 40 to 77.88%. Moreover, the raw materials were found to be contami
nated with Salmonella. Observance of proper hygiene by the workers and in 

all stages of processing of the product must be strictly followed to eliminate 
the risks of contamination of the shrimps and prawns with pathogenic or
ganisms. 

3.2 Histamine in Canned Tuna 
Histamine is implicated in scom broid poisoning. Scombroid poisoning 
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is due to microbial enzyme decarboxylation of histidine to histamine. Scom
broid toxin is common in frigate mackerel (tulingan) and other species of 
the family Scombridae such as tuna, tuna-like species and mackerel. Studies 
on the effects of delay in icing and processing of scombroid fish on the his
tamine levels have been conducted locally (Orejana eta/., 1983 ). 

Canned tuna for export usually contains between 10 mg% and 30 mg% 
histamine which is above the limit of I 0 mg% set by importing countries like 
West Germany. 1l1e BFAD (Bureau of Food and Drug) therefore requires a 
certificate of histamine analysis before canned tuna can be exported as 
an assurance of quality. 

3.3 Lack of Hygiene in Fish Sauce/Fish Paste Establishments (Processing 
Plants) 

Recently (April 19, 1984; Bulletin Today) shipments of fish sauce and 
paste for the U.S.A. were rejected and detained by the US Food and Drug 
Administration due to the presence of insect and rodent ftlth. The rejection 
of the contaminated food products was mainly due to lack of hygiene in the 
processing establishments. The practice of using dirty containers, contami
nated salt, contaminated raw materials should be strongly discouraged in 
the fish sauce/fish paste industry. 

3.4 Under-Processing/Over-Processing of Canned Fish Products 
Microbial spoilage of canned products may be a consequence of under

processing which may result to health risks with Clostridium botulinum 

contamination and commercial risks with non-pathogenic spoilage. 1l1e 
process must be sufficient to eliminate heat resistant spores of C botulinum 

or other even more heat resistant spores. The specified process time and 
temperature for a specific product must be achieved and strictly followed. 

The lack of heat penetration data monitoring can result in under
processing or overprocessing. Overprocessing may lead to overcooking and 
loss of color, flavor, texture, and nutrients. All these are to be avoided 
with implementation of quality assurance measures. 

3.5 Salmonella in Fish Meal 
The Salmonella outbreaks in U.S.A., U.K., Europe and Israel in the 

early 1970's resulted to strict regulations for incoming fish meal. Contamina
tion of !ish meal with Salmonella will likely occur if the meals arc not proper
ly handled. Sumner, Quiazon and Nieto (1981) found that fish meal imported 
from the U.S.A was contaminated with Salmonella. The .:ontamination of 
the meal may have possibly occurred in the Philippines due to improper 
handling and storage. 

3.6 Aflatoxin in Fish Meal and Some Smoked Products 
Fish meal and smoked products may harbor aflatoxin producing molds 

if not properly handled. Prevalence of aflatoxin producing molds in some 
smoked fish products has been reported by Bulaong (I 983). Possible source 
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of these aflatoxin producing molds is the brine used for salting the smoked 

fish. Trinidad, Espejo-Hermes and Reilly ( 1983) isolated several species of 
Aspergillus which are potential allat.oxin producers in the brine used in the 
commercial production of smoked fish. The practice of some local processors 
of using the brine continuously must be discouraged d ue to the danger of 
growth of aflatoxin-producing molds in the product. 

3.7 Freezer Burn in Frozen Fish 

The rate of deterioration of frozen fish is mainly dependent on its 
temperature. Variation in temperature may result to freezer-burn (whitened, 

toughened. and wrinkled appearance of parts of the surface that have been 

excessively dehydrated). Freezer burn can be reduced by using tight-fitting 
wrapping impermeable to water vapour. and by glazing the product (dipping 

the frozen prod uct in water). 
3.8 Poor Market Quality of Wet Fish 

Wet tlsh usually command lower prices than processed products d ue to 
improper practices of fishermen. wholesalers and retailers. Fish must be 

maintained at a temperature of as near as O"C as possible after catch to assure 
its gond quality. For this purpose adequate amounts of ice must be used. 
Re-icing. particularly during the hot months, must be done as often as pos· 

sible. 

3.9 Inferior Quality of Local Extracts of Carrageenan 
TI1e inferior quality of carrageenan produced locally could be due to 

lack of quality control of materials. Mixtures of seaweeds for carrageen::�n 
extraction are being used in the industry. Proper selection of raw materials 
must be done to produce good quality carrageenan extracts. 

3.10 Inferior Quality of Dried and Smoked Fish 
This problem emerged due to the absence of standards for these pro

d ucts. Variability in the processing practices results to inferior quality. 
The important aspects of quality in dried and smoked fish arc concerned 
with the freshness and manner of preparation of the raw material, the salting 
process, the smoking process and the post-processing history of the products 

i.e. its storage. transportation and retailing. 

3.11 Melanosis in Shrimp 
The development of the black spots or melanosis may begin within a 

few hours after catch of the shrimps. However. even with continuous icing, 
blackening may be far advanced before the shrimps can be marketed. Icing 
of the shrimps immediately after catch should be encouraged to prevent 

melanosis. Removal of the head of the shrimps and/or the proper usc of 
soluble antioxidants such as ascorbic and citric acid will help prevent blacken
ing. Calamansi juice has been reported to be efticient in preventing blackening 
in shrimps (Bersamin, Legaspi and Macalincag, 1971 ). 
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4.0 Quality Standards and Codes of Practice Recommended for Fish and Fishery 
Products 

The regulations on fish and fishery products arc intended to ensure that these 
products conform to the standards of wholesomeness, sanitation and labelling 
required of domestic and import trade. 

All fish and fishery products must comply with the FDA requirement cover
ing the following areas: adulteration, misbranding, labelling, defmition and stan
dards for identification, tolerance of poisonous and deterioration substances, pes
ticide residues, food additives and good manufacturing practices defect action level. 

Failure to declare the presence of added salt or the kind of oil used as the 
packing medium in canned fish has resulted in the detention of fish products. 
Artificial coloring is not permitted if it conceals damage or inferiority. Use of per
mitted artificial flavouring, artificial colors or chemical preservation must be 
conspicuously declared in the labelling. Imitations must be labeUed as such. 

Particulate and bacterial contamination in the processing, storage, handling, 
incubation, and operating practices within the plant must be avoided. 

4.1 Quality Indices 
4.1.1 Physical/Sensory 

The sensory evaluation of fish quality has usually been made by 
methods based on either hedonic scale or on descriptions of the various 
sensory attributes of the fish: appearance of the eyes, gills and skin; 
texture of the flesh; odour of the raw and cooked fish and flavour of 
the product. 

Physical evaluation includes TD (thaw drip measurement in 
frozen fish), Torrymeter (freshness test), texture measurement (by 
Instron or modified texture meters), odor/pollution levels measure
ment for fishmeal and others. 

4.1.2 Microbiological Tests 
Most commonly employed for microbiological analysis are the 

following: 
Standard plate count at 35-37°C 
Escherichia coli (Faecal coliform) 
Staphylococcus aureus 
Salmonella and Vibrio 

4.1,.3 Chemical/Nutritional Methods 
Analyses for histamine (TLC, GLC, Fluorimeter) :unino acid 

rancidity (TBA peroxide value), mercury, TMA (trimethylamine) 
and DMA (dimethylamine), TVB (total volatile base), protein, fat and 
others are required by some importing countries. 

4.2 Specifications and Recommended Codes of Practice of Handling and 
Transport, Processing, Storage, and Distribution of Fish and Shellfish 
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4.2.1 ICMSF (International Commission on Microbiological Specifica
tions of Foods). This body reviews and publishes values for SPC (Stan
dard Plate Count) and pathogens, commonly used in different countries 

for different fishery products. 
4.2.2 Codex Alimentarius -· Joint FAO/WHO Food Standards Pro

gramme 
Currently up to 121 (as of Nov. I, 1981) countries arc coUa

borating in the drafting of comprehensive. minimurn standards for a 
wider range of products moving in international trade. Almost all are 
for products meant for direct sale to the consumer. 
4.2.3 PSA (Philippine Standards Association) 

The PSA (NST A funded) is putting up standa rds on processed 
fish and shellfish with the cooperation of various research/government 

agencies (BFA R , UP, FDA, NIST) and the industry. FTI has also 

formulated standards for frozen and fresh fish. 

5.0 Role of R & D (Research and Development) in Quality Assurance 
Research and Development is important in the development of a new pro

dueL process or equipment which may elicit a change in quality control proc�durcs. 

It could also be helpful in the task of translating values ob tained from test pro

cedures into meaningful grades and in integrating the various grades into a com
plete standard of quality. In short. R & D can lead to quality control measures 
which will upgrade the quality of products thereby improving their compeiitive
ness in the market. 

6.0 Conclusions and Recommendations 
The emphasis given by developed countries on the quality control and 11sh 

inspection of fish and fishery products is quite remarkable. TI1e high quality of !Ish 
and fishery products may be at tributed to the voluntary and/or mandatory regula

tions and guidelines issued by government and private agencies. Quality conscious
ness is inherent in the manufacturer's concept while with the local manufacturers 
in the Philippines profit seems to be the primary consideration. In the developed 

countries, improved quality is synonymous with a better price for the product. 
In the Philippines. the law of supply and demand and other economic factors 

as we l l as psychosocial problems make it quite difficult to enforce standards. if 
they exist at all for a limited n umber of products. 

TI1e lack of well-equipped centralized and regional quality control labora
tories and the lack of qualified man power mainly account for the poor credibility 
of government research agencies from the point of view of the industry. As a 
consequence. the improvement of quality of fishery products through technolugy 

transfer or research results is quite difficult to achieve. The traditional products 
(smoked, dried, and fermented) in the market are of heterogeneous quality. Since 
no grading of products is made locally, better quality products are not assured of 
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a higher price, as is the case in the U.K. and other countries due to the use of 

the EEC rating. 
As to research priorities, local government agencies emphasize production 

and give lower priority to processing and q uality standardization of products . 
lt is high ly recommended that the organizational scheme of quality control 

and inspection in the Phil ippines should be reviewed and bureaucracy reduced 

accordingly. TI1e overlapping of functions of various agencies which lessens effi
ciency must be eliminated or weU-coordinated. Vol untary rather than mandatory 

c.:ompliance to guidelines (e.g. Codes of Practice by the Codex Alimentarius) should 

be encouraged. TI1e private sector should be willi11g to share the task of improving 
produd yuality by financing semi-private or cooperative ventures similar to those 

t\.1und in Germany and Norway . 

The importer� of tuna in Germany and Denmark require hist:.�mine data from 

the exporters. The need for setting up a h istam ine laboratory for the industry either 
by the govcmment <md/or private sector is a priority that should not be overlooked. 

TI1erc i� a need to cstabl.ish uniform procedures (microbiological, chemical. 

and sensory) fQr all the lo�o:al agencies and the industry to adopt in the quality assess· 

ment of tlsh and !lshery products. particularly for exported products. 
The development of standards that arc applicable to local products is recom

mended. For exported products the standards set by the importing country must be 

fully satisfied in order to create a good image of Philippine t1shery pr\Jducts in the 

international market. 
The grading of products as to quality and the corresponding increase in price 

for products of better grade will help encourage the in dustry to voluntarily con
form to the codes or practice and standards put up by the quali ty control and fish 

inspection agencies. 
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SPECTROSCOPIC STUDIES OF THE REACTION OF 

DICHOLORO-bis-N,N'- DIPHENYLTHIOUREACOBALT (II) WITH 

OXIDIZING AGENTS IN NON-AQUEOUS SOL VENTS 
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Taft Avenue. Manila 

The spectroscopic properties of solutions of bir-N ,N'- · Diphenylthioureadi
chlorocobalt in acetone, acetonitrile and ethanol are compared with those in the 
solid complex. The changes in the electronic spectra upon the addition of oxidizing 
agents are presented. The formation of a stable intermediate species is discussed 
based on the shift of the absorption band maxima and the appearance of new 
absorption bands. 

Introduction 

In a broader study of comparing selenium and sulfur as donor atoms, com
plexes of the disubstituted selenourea and thioureas with cobalt (II) and nickel (II) 

were synthesized (Rivero, 1977). The crystals were characterized through elemental 
analysis, infrared spectra, the absorption bands in visible region, and the magnetic 
susceptibilities. Through these measurements, the identity of the complexes as 
pseudotetrahedral complex with the selenium or sulfur as donor atoms in one pair 
of ligands, and the corresponding halide as the other pair of ligand was established. 
One of the complexes studied was dichloro-bis-N,N'-diphenylthioureacobalt (II), 
Co(Diphcntuh Cl2. Some vibrational bands of the complex are shown in Table 1, 
along with the vibrational bands of the pure ligand. The broad N-H symmetric 
stretching vibration was not shifted at all in the complex compared to that in the 
pure ligand. On the other hand, the C=S at 645 cm·1 in the pure ligand was shift
ed to 520 cm·l in the complex, indicating that coordination is at sulfur and not at 
nitrogen. 

The absorption bands in the visible region for the solid Co(DiphentuhC12 are 
shown in Figure 1; the absorption maxima with the corresponding assignments are 
listed in Table 2. The Dq values for Co(Diphentuh CJ2 is 342 cm·1 and the corres
ponding Racah parameter B for the complex is 731 cm·1 (Rivero, 1981 ). The B 
value of Co(DiphentuhCI2 indicates a large degree of covalent bonding, since B is 
a measure of the degree of electron cloud expansion away from the central metal 
ion. 

In solution, some of the complexes studied were relatively stable. bis-N,N'
Dibenzylthioureadichlorocobalt, Co(Dibenztuh Cl2, and bis-N ,N' -Dibenzylthiourea-

87 



88 Transacti ons National Academy of Science 

Table l. The IR vibrational bands of N,N' - Diphenylthiourea and Dichloro-bis-diphcnylthio
ureacobalt (II), with the corresponding assignments. 

N,N'-Diphenyl
thiourea 

4SO w 

485 m 

S10 w 

550 w 

630 v s sh 

645 s sh 

760 v s sh 

765 s sh 

I315s 

134S s br 
1340-1350 s br 

1590 m sh 
1598 m sh 

3000 m 

3020 m 

320S vs br 

Dicltloro·bis-N. N'
dithioureacobalt (//) 

;�� � � 31S m 

32S s 
400 w 

S10 vs 

S20 VS 
640m 

600m 

1265s } 
1290 s 

1310 s 

ISI S VS l 
1540vs � 
3000 Ill 

302S w 

320S s � 
3320 s sh 
3350 s sh 

Assignment 

Co·CI 

Co-S 

v (N-C-N), 6 (C=S), 

p (NHR) 

v (C=S) 

6 (N-C-N), v (C=S) 

p (NHR) 

o (N-C-X) 

C6H5 

CS NH II: NH wagging, 

Vsym (N-C-N), vC = C 

CSNH 1: NH twisting, vasym (N-C-N) 

C=C-H 

Ar-H 

N-H t·sym and v35ym 

dichlorocobalt, Co(Dibenztuh CI 2. and bis-N,N'-Dibenzylthioureadibromocobalt, 
Co(Dibenztu)2Br2, were shown to retain their pseudo-tetrahedral coordination 
in nonaqueous solvents (Quimsing and Rivero, 1984). Co(Dibenztu)2C l2 showed 
susceptibility to lose or gain electrons, as shown in electrochemical measurement 
carried out on its solution in acetonitrile (Quimsing, 1983). In this study. 
the spectroscopic properties of the N ,N'-diphenylthiourea complex with cobalt 
(II) in acetone, acetonitrile and ethanol were measured. The changes of the 
UV-Vis absorption spectra in the different solvents are discussed. In an attempt to 
measure the susceptibility of Co(DiphentuhC12 to oxidation, solid oxidizing 
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25,1100 20,000 5,000 

Figure I. The absorption spectrum of Di chloro-bis-N,N' diphenylthioureacobalt (11) in t he 
near IR-Vis r egion_ 

complexes were added and the change in the absorption spectra with time was 
monitored. 

Experimental Proced ure 

N,N' -Diphenylthiourea was prepared from redistilled aniline and carbon 
disulfide following the procedure reported earlier (Quimsing, 1983). The complex 
was prepared by dissolving 1 mmole of the ligand in hot anhydrous dichloroethane, 
then adding 0.5 mmole of cobalt chloride dissolved in hot anhydrous ethanol. 
Crystals separated out upon gradual evaporation of the solvent; these were re
crystallized in hot anhydrous dicholoroethane. 

The melting point was measured using a Buchi melting point apparatus, while 
the IR spectra were measured in a Perkin-Elmer IR spectrophotometer. The UV

visible absorption spectra of the solution were measured using a digital single beam 
UV-Visible spectrophotometer. 

Resul ts and Discu�ion 

The absorption spectra of Co(DiphentuhC12 in different solvents are shown 
in Figure 2. For comparison, the analogous spectra of cobalt chloride in the three 
solvents were measured and the absorption spectra are shown in Figure 3. For sub-



90 Transactions National Academy of Science 

Table 2. The absorption maxima of Dichloro-bis-N, N' - diphenylthioureacobalt (II) solid 

with the corresponding assignments of the absorption bands. 

v;cm-1 11., nm Assignment 

4600 
5600 
7300 

11500 

14000 
15000 
21400 
22300 

29000 

2173 
1786 
1370 

869 

714 
667 
467 
448 

345 

spin-forbidden band 

S(-;n-forbidden bands 

char�e-transfer band 

sequent discussion, the following labels of absorption bands are used: 

v1 absorption band at 630-700 nm 4 A2(F)-+ 4T1 (P) 

v2 hump or shoulder at 580-580 nm 4 A2(F)-+ 4T1 (P) 
v3 weaker band at 350 nm 
v 4 weak to strong band at 300 nm. aromatic, n -+ rr* 
In acetone, the absorption band of Co(DiphentuhC12 at 678 nm is broad, with 

a molar extinction of 270. The shoulder at 600 nm, is still part of the 4 A2(F)-+4T 1 
(P) transition, which, depending on the solvent used, may become prominent. The 
maximum of the absorption band at 350 nm decreased in intensity upon coor
dination, using the solution of the ligand in the same solvent as the standard. The 
knick at 370 nm is seen in this spectrum. The absorption spectrum of the aceto
nitrile solution of the complex is different from that of the acetone solution. The 
molar extinction is lower than the corresponding value of the cobalt chloride solu
tion. The hump or shoulder at 580 nm is very prominent. Furthermore, the aroma
tic band at 350 nm (v3) is weaker than the corresponding band of the pure ligand 
(Figure 4). but there is a trace of the weak band (v3 ) at 390 nm. When the spec
trum is measured against the ligand in acetonitrile as standard, the absorption bands 
are much weaker. The absorption spectrum in ethanol shows that the aromatic 
band is shifted to longer wavelength and v1 (tetrahedral band) is still weaker than 
that of the acetone solution. The wavelengths of both peaks however, were not 
shifted relative to acetone. 

A comparison of the spectra of the three solutions of Co(Diphentu)2Cl2 
is shown in Figure 2. These spectra had the solution of ligand as standard. It is seen 
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Figure 2. TI1c absorption spc,·trum of Co (Diphentu) 202 in acetonitrile in acetone. 

that the bands for the ethanol solution were shifted towards shorter wavelength. 
Acetone appears not to influence t11e iocation of v1• although in general, th�·sc 
absorption bands are weaker than that expected of tetrahedral complex. 

Table 3 compares the absorption bands of Co(DiphentuhC12 in different 
solvents with those of cobalt chloride. It is shown that v1 is loca ted in the region 

expected for tetrahedral comp lex. i.e. between 600 to 700 nm. but clo>er to 700, as 
shown in Figure 5 and 6. Figure 5 shows the absorption band of [CoC14]2- for 

the transition 4A2(F) � 4T1(P) (Ballhauscn and Jorgense11. 1955). The absorption 

band has a characteristic splitting into two almost equivalent peaks at 690 nm and 

662 nm, and a separate peak or at times, a shoulder at 630, less intense than the 
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Figure 3. Absotption spectrum of CoC12 in acetonitrile ( ----.. ---) in acetone (- -); 
in ethanol(--------). 
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Figure 4. The abs or p tio n spectrum o f  N,N' -D iphenyl thio urea in aceto nit rile ( 
in acet on e  (--)and in eth ano l(-----------). 

___ .), 

other two. The m axim um for this band is at 676 nm with a molar extinction of 
570 and 540 for the strong doub le peak, and 350 for the weaker peak or shoulder 
at 630 nm. On the other hand, Figure 6 shows that absorption spectrum of 
Co(H20)6 +

2, with Xma x in the different solution (Table 3), one can safely assume 
a tetrahedral configuration for the complexes. 

The absorption band of the pure ligand is affected by the solvent, as was 
shown in Figure 4. In Table 3, it is shown that th e X 

m ax  of the ethanol solution of 
the pure ligand has the shortest wavelength and the most intense. This b and is 
c aused by the conjugated doub le bonds in phenyl, which, with -NH2 as substit uent, 
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Table 3. A comparison of the absorption maxima of Co(Diphcntu 2Cl2 and CoCl2 in the dif
ferent solvents. 

Co (Diphentu) 2a2 
>-nm {t:) 

Acetone 

II} 678 (270) 
112 600 (150) 
lJ3 380 ( 85) 
v4 350 (112) 

Acetonitrile 

II} 680 (161) 
112 590 ( 94) 
113 390 ( 45) 

114 350 ( 49) 

Ethanol 

II( 645 (112) 
112 582 ( 88) 
113 380 ( 85) 
114 340 (256) 

coa2 
>-nm (e) 

670 (200) 
580 ( 56) 
none 

none 

680 (466) 
688 (340) 
350 ( 84) 
310 (180) 
290 (263) 

650 ( 70) 

285 ( 70) 

Diphentu 

>-nm (f) 

340 (291) 

301 (560) 

296 (626) 

has \nax at 230 nm (8600) and at 280 nm (I 430) (Williams and Fleming, 1968). 
The absorption band of the ethanol solution has a shoulder at 320 nru, E = 466. The 

maxima for the ligand solutions are shifted to longer wavelengths compared to that 
of aniline. 

A weak absorption band appears at 375 nm (E=45) for the ethanol solution of 

the ligand. The C=S in thiocarbonate ester has weak absorption band at 330 nm 

(E=5). It is possible that the weak band at 375 nm for the ethanol solution of the 
ligand may be due to the c.s group. 

The absorption band in the 350 nm region shows that upon coordination, the 
peak due to the phenyl ring decreases in intensity and also, is shifted to longer 

wavelength. The structural formula of the complex is shown in Figure 7. The 

proximity of the phenyl rings to the central metal ion allows some interaction 
between the phenyl ring and the metal ion. The strong absorption band of the pure 

ligand is shifted to longer wavelength upon coordination. This interaction however. 
is affected by the solvent. 

Potentiometric titrations were carried out, using aqueous solution of the 

titrant (either oxidizing agent or reducing agent) but non-aqueous solution of the 

complex. The titration curves show an abrupt and sudden change in potential as 
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Figure 5. The absorption spectrum of [CoCl4 ) -4 (Schlaefer and Gliemann, p. 92), assigned to 
the transition 4A 2 (F) -+ 4TI (P) (Ballhausen and Jorgensen, I 955). 



96 

c .5! .. u c 
.. )( w 

8 

.. 4 • 
0 � 

Transactions National Academy of Science 

400 600 800 
">- (nm ) 

figure 6. The absor.f.tion spectrum of Co(II20)6 2+ {Schlaefer and Gliemann, p. 92) for the 

transition T 1 g(F) _,. 4T lg (P). 

soon as few millil iters of the t itrant were added . The change of pote nt ial indicates 
that there is a reaction going on, but whether the equivalence point coinc ides with 
t he region of very large change in potential with the volume of titrant cannot be 
est ablished . One property of the complex which can be monitored during a reaction 
is the absorption spectrum. In orde r to solve the problem of solvents,  solid oxidi
zing or reducing agent was added to the solution of Co(Diphentu)2CI2 and the 
spectrum is taken periodically . One l imitation is that if the reagent is insoluble in 
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Figme 7. Structural formula of Co (Diphcntu) 202 showing an arrangement where tlw phenyl 
rings can be affected by coordination with the cen tral metal ion. 

organic solvent,  then t h e  oxidizing agent or red ucing age nt will  just set t l e  at t he 
bottom of the cuve t te .  Bu t this will on the other hand, make the change of the 
complex if any , slow enough t o  be measurable spcc t rophotometrical ly . 

Figure 8 shows t he change in the  absorption spec tru m  of a solu t ion of Co

(Diphentu)2 CJ 2 in acetone upon the addition of solid K3 Fe(CN)6 .  Co mpared to 

the spec t rum of the complex i t sel f. the fol l owing changes arc obse rvable :  

v 1 increase d in intensity ,E =882 b ut "-max remained the same_ 

v2 St i l l  a sh oulder, b u t  in tensity incre ased 

v3 became more intense ,  /..max fo r the first 30 min.  not shifted bu t after 
an hou r ,  shifted to sho rter wavele ngth 

v4 became more in tense ,  at the  start not shi fted relative to pure comple x ;  
a fter 30 m in sh i l"t cd to longer wav elengt h ,  b u t  a ft e r  a n  hour sh ifted t o  
shorter wavelengt!L 

The change in the spectra with tim\:' is detectable :  the molar extinction 
changed - tllis means that the species is  not the same as that in the pure c omplex . 

There is on ly one absorb ing species in the snluti\) 1 \ ,  �s shown by ! h e  common molar  
extinct ion at /\720 mn. [ Fe(C N )6 ! 4 - h a s  a n  absorp tion ma xim a t  3 1 6  n rn .  fHuchi
tal and Wilkins, l lJ67 ) .  The peak at ar�1unJ 3 5 0  11111 would be due to t he [ Fe(CN)6 4-
formcd upon reaction of [ Fe( CN)6 ] 3 - wi t h the complex. One of the CN of 
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[FE(CN)6 ] 3- may have coordinated with Co(DiphetuhC12 and form the interme
diate species 

CN 

I 

displacing one of the chloride ion. The shoulder at 400 nm which shifted back to 
380 nm after an hour may be due to the CN- which was coordinated with cobalt 
at the start and after 30 minutes. 

The changes in the absorption spectrum of the acetonitrile solution of Co
(DiphentuhC12 after addition of solid K3 Fe(CN)6 are shown in Figure 9. v 1  
which is the band arising from 4 A2(F) � 4 T  1 (P) transition in Co(II), tetrahedral 
complexes, did not change in wavelength, but there is a slight broadening of 
the band towards 550 nm. There is also a weak broad peak at 520 nm. An absorp
t ion band at 430 run 2 hours after the addition of K3 Fe(CN)6 could be that of 
Fe(CN)6 2+ .  The band at 520 nm may be due to Co(ll) species while t hat at 430 nm 
may be due to Fe(CN)6 4-. 

In ethanol solution the change in the molar extinction of the absorbing 
species upon the addition of K3 FE(CN)6 is in reverse to what happened in acetone 
solution. The molar extinctions decreased compared to that of the complex in 
ethanol, as shown in Figure 1 0. The decrease could mean the format ion of a) octa
hedral Co(II) species which have small molar extinction , b) cobalt (III) species still 
with tetrahedral surroundings. It is possible that in the reaction with Fe(CN)6 3-,  
one of the CN groups is attached to cobalt (II) as an additional ligand and not 
displacing chloride . 

With Na2Cr2 07 as oxidizing agent, the absorption peaks became weaker 
compared to those of the complex in acetone. The change of absorbance with 
wavelengths, upon the addition of solid Na2Cr2 07 is shown in Figure 1 1 . The 
changes can be summarized as follows: 

v1 decreased in intensity, i .e .  molar extinction decrease d ,  but A- max the 
same 

v2 more distinct 600 run 

v3 broader, becomes clearer after 30 minutes and after 77 minutes after 
addition of Na2 Cr 2 07 
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Figure 8. The absorption spectrum of Co (Diphentu) 202 for acetone ( ), upon 

addition of solid K2 Fe (CN)6 1 min. (---) 30 min. ( - - --) 67 min. (-.-.-). 

are summarized in Table 4. The two wavelengths in the columns of the oxidizing 
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Figure 1 2. The absorption spectrum of Co (Diphentu) 2D2 in acetonitrile ( ), upon 
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1 04  

� 
'e u 

1 

300 

Transa cti ons N atio nal Ac ademy of Scie nc e 

Wuettntth, nm 

Figure 1 3 . The absorptio n spectrum of Co (Diphcntu) 2C12 i n  etha nol ( -- --), upo n 
the additi on of Na2Cr207 : l  min. ( · --) .  5 6  m i n. { - ---), 1 03 min. ( -. -.). 

agents arc for f... at the start of the reat:tion and f... after one to one and a half hours.  
Only in the ethanol solu tions was there a shift of f...max to lower wavelength upon 
the  addition of Na2Cr207 . The shift was accompanied by n decrease in the inten
sity of the absorp tion hand . I n  the o ther solvents, there wns no shift in the f-...111;v. 
hut an increase in the in tensity was obse rved in the acetone solutions of the 
complex upon the addit ion o f  K3 Fe( C N)6 . In the same solven t .  the Jddit ion o f  
Na2Cr207 cau sed a decrease i n  intensity from E270 o f  the complex t o  f89 and 
78 . 

In Table 5 ,  the changes in the o t her  absorpt ion bands o f Co( Diphc n t t t )2 CI2 
u po n  the addit ion of oxjdit.i.ng agen ts arc tabulated. The A111ax of I', is sh ifted t o 
longer wavelength an d ga ine d considerably in in tensity u pon t he addition of K 3 Fc
(CN)6 . Since v2 is still part of  the absorp t ion band v1 resul ting from the d-d t r�nsi-
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Table 4. Summary of the effect of an oxidizing agent on the 4A2(F) -+4T 1 (P) transition (vi ) 
of Co (II) in Co (Diphentu) 2C12. 

So/l•ent 

Complex 

Acetone 670 (270) 

Acetonitrile 680 ( 87) 

Ethanol 650 0 1 7) 

Upon addition of 
K]Fe (CN)6 

6 70 (884) 
670 (963) 

6 80 ( 96) 

680 ( 84) 

650 ( 46) 
650 ( 45)  

Upon addition of 
Na2Cr207 

670 (89) 
670 (78) 

680 (23 1 )  

680 (2 3 5 )  

640 ( 50) 
6 3 0  ( 59) 

t ion in Co(ll) ,  the incre ase in in tensity is ex pected.  In the other solvents, aceto

nitrile and e thanol, v2 decreased in intensity .  

The absorption band indicative of an i.ntennediatc ,  namely . t13 . underwent 

a shift and change in intensit y upon the add it ion of K3 Fe(CN )6 and Na2 Cr2 07 to 
Co(DipheHt u h C12 .  I n  acetone solution ,  it  appears that an in termediate is formed 

instantaneously upon the addition of K 3 Fe(CN )6 as in d iea ted by an :�bsorption 

b ank at  400 nm (205 ) ,  wh ich disappears \Vith tin1c . shifting back to 3RO with 

e 8 1  after about an ho u r o f  react i o n .  The same shift to longer wave length is brought 

about bv addit io n  oi' Na1 Cr 0 , but the:: inte nsity of the band decreased .  The 
formati;n of a stable inte n�cdiate in the react io n of Cu(Diphentu )2 Cl2 with 

K3 Fe( Cl'\)6 and with Na2Cr2 07 is evident in the appearance of a h ump i..r1 the 
region 360 to 450 nm. Th is h u m p  remains even un t il :�n hour after t he start of the 
read ion. 

TI1e changes in 1'4 the ab sorpt ion band of the ligan d .  u pon the addit ion of 

oxidizing agents to Co(Diphentu)2Cl2 depends on the solven t .  Before discussing 

t he effect of oxid izing agem s .  a col! lparison of the  a b sorption band of the pure 

l igand with that of the comple x  in the same solve n t is useful .  The absorpt ion 
1 naxima of a )  t h e  p ur e  ligand , b) Co( Dipllenlll h C l 2  :.lll d c) CoCI

1 
in the different  

solven ts arc  tabulated in Table 6 w i t h  the  corresponding mol�r  extinction. These 
b ands arc referred to as cha rge transfe r hands and they a re cause d by one or two o f  
the following transit ions :  a) M e t a l  1 o  liga n d  electron tran sfer .  b )  ligand to metal 
elec tron transfer. C )  n --JT  * t ransit ions  in  an u n sa tu rJtcd system like an aromatic 
ring, d) t ransition within a n  isola ted do11 ble bond such as C==N in acetonitrile. 

TI1ere h no charge t ransfe r  band for t he acetone solution of CoCJ2 : from this 
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Table S. Summary of the effect of an oxidizing agent on the o ther absorption bands (v2, v3 
and v4) of Cobalt (11) in Co (Diphentu) 2CJ2. 

Solvent Complex 

Acetone 600 ( 1 5 6) 

Acetonitrile 5 90 (268) 

Ethanol 580 ( 86) 

Acetone 382 (100) 

Acetonitrile 370 ( 93) 

Ethanol 380 ( 1 00) 

Acetone 355 ( 1 1 2) 

Acetonitrile 320 (4 26) 

Ethanol 340 (257) 

Upon additi011 
ofKJFE (CN)6 

>-max (E) of v2 

615 (415) 
610 (500) 

590 ( 68) 
590 ( 49) 

570 ( 3 1 )  
570 ( 40) 

>-max (€} of u3 
400 (205) 
380 ( 8 1 )  

360 ( 46); 
430 ( 35); 
430 ( 28) 

400 ( 45) 
3 80 (54) 

>-max (!) of V3 
350 (390) 
340 (496) 

350 ( 3 2) 
360 ( 25 ) 

360 ( 33) 
330 ( 63) 

Upon addition 
o!Na2Cr207 

600 ( 5 2) 
600 ( 44) 

600 ( 5 2) 
600 ( 44) 

5 70 ( 42) 
600 ( 48) 

430 ( 30) 
400 ( 68) 

450 (267); 
390 (425); 
450 (295); 
420 (400); 
380 (579) 

390 (21 6) 
390 (200) 

378 ( 58) 
3 60 ( 76) 

3 60 ( 232) 
360 (366) 

360 ( 95) 
350 ( 43) 

it is safe to assume that the v4 of the l igand and Co(DiphentuhCl bands in CoCI2 
may be covered by the stronger aromatic charge transfer b and in Co

2
(DiphentuhC12 . 

With ethanol as solvent, the aromatic charge transfer band of the ligand is sh ifted 
to longer wavelengths upon coordination. 

Upon the addition of K3 Fe(CN)6, to the acetone solution of Co(Dip
hentuh C12 the aromatic charge transfer band is shifted to shorter wavelength at 
the same time that it gains in intensity . The effect of adding Na2Cr207 is the 
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Table 6. A comparison of the absorption band of the pure ligand with that of Co (Diphentu) 
2Cl2 and CoCI2 in the same solvent. 

N. N' -Diphenyl 
Solvent thiourea 

"Amax (e) 

Acetone 340 (29 1 )  

Acetonitrile 30 1 (560) 

Ethanol 296 (626) 

to (Diphencu) 2Cl2 

"Amax (€) 

355 ( 1 12) 

320 (426) 

340 (257) 

co a 

"Amax (e) 

none 

350 ( 84);  
3 1 0 (1 80); 
290 (263) ;  

285  ( 70) 

opposite: shlft to longer wavelength and decrease in intensity . In acetonit rile 
solution , the shlft of 114 is towards longer wavelengths and the intensity of the band 
dec reases. The same effect was observed for the ethanol solution. All these indi
cate that the pheny l ring in the ligand of Co(Diphentu )2CI2 is somehow affected 
by th'e reaction be tween the complex and the oxidizing agent. 

The change in absorbance of the alcoholic solution of Co(DiphentuhCI2 
with time was measu red at 650 nm. The result is shown in Figure 1 4. For the first 
I I  minu te s, the absorbance changed from 1 .6053 to 1 .5 52 .  After 1 5  m inutes, the 
absorbance became 1 .550. After additional 1 5  minutes the abso rbance gradually 

increased again. The decrease in absorbance could be att ribu ted to a decrease of the 
tetrahedral cobal t  ( I I )  because of the formation of an in te rmediate .  

The calculation of the Dq val ues o f  Co(DiphentuhClr in solution was 
at te mpte d .  In t he solid state.  the Dq value is equal to 368 em· , calculated using 
the empirical formula of Underhill and Billing ( 1 966 ) :  

340 Dq2 - 1 8(v2 + 112 ) D q  + v2v3 = 0 

This fo nnula however. requires the two absorption bands of tile comp lex , that at 
�6 300 cm·1  and that at � 1  5000 cm·l . Only the l atter band \Vas measurable in th is 
study such that t h is me thod of l:alculat ing Dq was not poss ib le . Another method is 
to measure the lowest  :tbsorption b and and the peak of t h is ba nd in em· I is equal to 
l 0 Dq. Again th i s  was not possible . A t h ird me thod is to fit t he value oi the absorp
t ion band i..n �:m· 1 , afte r dividing t his by B. in the Ta n abe-Sugano diagram of 6E/B 
as a function of Dq/B .  Doing this resulteJ in a 6E/B value much smalle r than that 
l)f the free ion. T . M .  Dunn (in lewis and Wilkins , 1 965) in explaining the seeming 

discrepancy between the experimental 4 A 2 -A T 1 (P) t 1 ansit iou at 1 5 ,000 cnr I . 
and the expected tran si tion at 1 9 ,600 cm·l attributes the error to the large reduc
tion in energy distance between the 4 F and 4 P terms of the free ion ( 1 5 ,400 
cm· l )  to about I o4 cm· l (Dunn , in lewis and Wilk ins .  1 960 ).  Such reduct ion has 
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been attributed mainly to decreased interelectronic repulsions between the d 
orbitals resulting from charge transfer for ligand to central metal ion. 

The experimental value of 350 cm-1 for Dq is very low so that the splitting 
of the free ion terms should not be large. However , in the Tanabe-Sugano diag
ram for d7 tetrahedral, the separation between the F and P term is large indeed so 
that a fit cannot be done . 
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Fabian Dayrit, Discussant 

Spectroscopic studies of chemical reactions are generally very difficult and 
need a meticulous approach. There are usually many baseline and background stu
dies that have to be carefully evaluated in order that the proper correlations of 
spectroscopic data with chemical reaction can be confidently assigned . 

In studying the oxidation of bis - N, N'-diphenylthioureadichlorocobalt (II) 
in non-aqueous solvents (acetone, acetonitrile, ethanol), the following conditions 
should be established : 

I .  interaction o f  reagents with solvent, e .g.  oxidation o r  complexation. 
2 .  solubility of  reagents with solvent.  

Oftentimes, the solvent is more than just a passive spectator. At the least, the 
solvent will most certainly complex the metal species thereby altering its behavior. 
Under appropriate conditions, the solvent itself may react with the reagents. 

The solubility (including possibilities of aggregation) of the metal in different 
solvents is important so that one may set up the proper kinetic expressions with 
which to model the chemical transformations. 

One other interesting point that the study brings up is if the change transfer 
bands indicate an electron transfer reaction, is this an outer sphere or inner mecha
nism? What is a possible geometry o f  the t ransition state? 

This spectroscopic study poses many interesting and challenging problems as 
what happens with such scientific problems, many more questions are usually un
covered in the process. 
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ABSTRACT 

Dimethylnitrosamine and benzo(a)pyrene are two carcinogens which in
duced the formation of micronucleated polychromatic erythrocytes in bone 
marrow cells of mice. This shows that both carcinogens are mutagenic and clasto
genic. 

Antimutagenic effects against dimethylnitrosamine and benzo(a)pyrene 
were studied using biochemical inorganic systems. The assessment of their anti
mutagenic effects was based on the reduction of micronucleated polychromatic 
erythrocytes. While the carcinogen was administered intraperitoneally, the inor
ganic ion was given orally. Except for magnesiu m  and calcium ions, all the others 
were administered at the same time as the carcinogen. Magnesium and calcium 
ions were given an hour after the carcinogen. 

Calcium was given as calcium chloride, magnesium as Mg02•6H20, zinc 
as zinc chloride, manganese as MnCl2 · 4 H20 and iron as FeS04· 1H20. Dolo
mite, a combination of calcium and magnesium, was also used. 

Calcium ions, magnesium ions, manganese ions, zinc ions and ferrous ions 
all reduced the formation of micronucleatcd polychromatic ery throcytes induced 
by dimethylnitrosamine and benzo(a)pyrene. All exhibited antimutagenic and 
an ticlastogenic effects. 

The best effect was given by a combination of calcium and magnesium. 

Introduction 

In the past few years, there has been escalated efforts to uncover substances 
and physi cal agents that exhibit genetic toxicity not only to germ cells but also to 

somatic cel ls. Greater efforts are encouraged to discover the tendency of some 

systems to reduce or abolish the genotoxic effects of chemical and physical agents. 

Antimutagenic effec ts of some organic systems have been studied in our 
laboratory. Antimutagenic effe cts against aflatoxin B I ,  aflatoxin G I ,  dimethyl

nitrosamine ,  mitomycin C and metronidazole have been studied (1 ). Vitamin A, E, 
C ,  riboflavin and thiamine exhibited antimu tagenic e ffect s .  Vitamin C was also 

shown to exhibit antimutagenic effects against alkylating agents, intercalating 

1 1 3  
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Table l. Fonnation of Micronucleated Polychromatic Erythrocytes in Bone Marrow Cells as 

Induced by Dimethylnitrosamine. 

Dose of dimethylnitrosamine 
mg/kg 

Control* 
DMN 20 

15  

1 0  

*Control was untreated 

**an average of 15 slides 

No. of micronuc/eated 
polychromatic erythrocytes 
per thousand* *  

0.33  ± 0.08 

10.89 ± 1 .23  

9. 1 1  ± 0.96 

5 . 33 ± 0.34 

Table 2. Formation of Micronucleated Polychromatic Erythrocy tes in Bone Marrow Cells as 
Induced by Benzol(a)pyrene. 

Dose of Benzo(a)pyrene 
mg/kK 

375 .00 

1 87.50 

93 .75 

Control* 
------------------

*Control was untreated 
**An average of 1 5  slides 

No. of micronucleated 
polychromatic erythrocytes 
per thousand •"' 

9.78 ± l . l 8 

9.44 t 1 .08 

6.45 ! 0.9 1  

0 .33  ! 0.08 

agents, amine d erivat ives ami sodium nitr i te ( 2 ). and also against t wo pesticides (3). 
Vitamin E was al so found to be antimu t agenic against chloro fo m1 (4) and against 

hexachlorophene (5). Niacin was antimutagenic against metroni dazole and be nzi

dine (6). 

Among inorganic b iochemical systems. only cobalt chloride has been studied 

(7 ). I t  was shown to be antimu tag en ic against N -methyl-N-nit ro-N-nit rosoguani· 

dine. It  was also antimutagenic again st Trp-p-1 . a carcinogen found in charred por

tions of broiled meat and !ish (8). I t  is therefore of  great interest if  other inorga n ic 

biochemical systems also exhibit antimutagenic effects. 

The i norganic systems reported in this study are those which contain cal cium 

ions, magnesium ions, zinc ions, manganese ions and ferrous ions. 
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Table 3. Effect of Calcium Chloride on Micronuclei Formation of Bone Marrow Cells. 

Dose of calcium chloride 
ong/kg 

500 

400 

250 

1 25 

Control* 

*Control was given triple-distilled water 

No. o[micronucleated 
polychromatic erythrocytes 
per thousand 

0.84 ± 0.07 

0.84 ± 0.06 

0.84 ± 0.05 

0.84 ± 0.07 

LOO ± 0.05 

Table 4 . Effect of Magnesium Chloride on Micronuclei Formation in Bone Marrow Cells. 

Dose of Magnesium chloride 
mg/kg 

----- - ---- --- - - -----

450.0 

300.0 

225.0 

1 1 2 _5  

- --- - - -- ---- -- --- -----

No. ofmicronucleated 
polychromatic erythrocytes 
per thousand 

0. 1 6 ± 0.05 

0.40 ± 0. 1 2  

0.5 0 ± 0. 1 6  

0.50 :! 0 . 1 5  

-- - -- - - - ----- -------------

Control* 1 .00 ± 0.05 

------ -- - ------- - ----------------

•control was given tripk-distillcd wall:r. 

Materials and Methods 

Dimethylni trosamine was obtained from Aldrich Chemical Co . ,  Milwaukee, 
Wisconsin . Bcnzo(a)pyrene was a gift from Dr. H.  Matsushita,  Institute o f  Public 
Health , Tokyo, Japan . The inorganic sal ts were purchased from J.T.  Baker Che
rn ical Company, N . J .  The mice that were used were of the Swiss Webster strain. 

Mutagenic and antimutagenic effects were assessed using the micronuc leus 
test of Schmid (9). Mice weighing 20- 2 5  grams were used. 

Mutagenic and clastogenic effects of dimethylnitrosamine and benz.o(a)pyrene, 
an d the inorganic systems were determined separately _  
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+ + + / M �  

Formation o f  DM'N-metal ion complex. 

For antimutagenic effects, dimethylnitrosamine and benzo(a)pyrene were 
given intraperitoneally,  while the inorganic systems were administered orally at 

approximately the same time except for calcium and magnesium which were given 
an hour after the carcinogens. The carcinogens and the inorga nic systems were 
administered twice, 30 hours and 6 hours prior to the prepa ration of the bone 
m arrow.  

Bone marrow o f  the  femu r  was  flushed into a test tube using fetal c al f  serum. 
Air dried smears were made from the pellet .  1l1ese were stained and examined for 
m icronuclei fom1ation in polychroma tic erythrocytes. 
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Table 5. Effect of Manganese Chloride on Micronuclei Formation in Bone Marrow Cells. 

Dose of manganese chloride 
111!!./kg 

4 20 

3 20 

2 1 0  

105 

Control* 

*Control was given triple-distilled water 

No. of micronucleated 
polychromatic erythrocytes 
per thousand 

1 .67  ± 0.08 

1 .6 7  ± 0.09 

1 .67 ± 0.07 

1 . 67 ± 0.08 

Table 6.  E ffect of Ferrous Sulfate on Micronuclei Formation in Bone Marrow Cells. 

Dose of ferrous sulfate 
mg/kg 

No. of micronucleated 
polychromatic erythrocytes 
per thousand 

---- ------ ·----·�· ·· -----------

625 .00 

3 1 2.50 

220.0 

1 5 6. 25 

Control * 

*Control was given triple-distilled water. 

Results and Discussion 

1 .67  ± 0. 2 1  

1 . 34 :t 0.09 

1 . 33 ± 0.08 

1 . 3 3  ± 0.09 

1 .66 ± 0. 1 2  

Dimethylnitrosamine and benzo(a)pyrene induced the formation o f  micro

nucleated polychromatic erythrocytes (Tables I and 2). This indicates that t hese 

carcinogens affected the DNA of the bone marrow cells. Mito tic bone marrow 

cells with chromatid breaks or chromatid exchanges suffer from d isturbance in the 

anaphase distribution of their chromatin. Chromosome pieces lag in the anaphase. 

Aft er telophase, a sizable portion of the displaced chromatin is not ind uded in t he 

nuclei of the daughter cells. Instead, they form single o r  multiple micronuclei in 
t he cytoplasm of these cells. Thus. both d imethylnitrosamine and benzo(a)pyrene 

are n ot only mutagenic but also clastogenic. 
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Table 7. Effect of Zinc Chloride on Micronuclei Formation In Bone Marrow Cells .  

Dose of Zinc Chloride 
mg/kg 

1 50.0 
1 00,0 

75.0 

3 7.5 

Control* 

*Control was given triple-distilled water 

No. ofmicronu cleated 
polychromatic erythrocytes 
per thousand 

0.84 ± 0.07 

0.95 ± 0.09 

0.95 ± 0.09 

0. 95 ± 0.09 

1 .66 ± 0. 1 2  

Table 8 .  Antimutagenic Effects of Calcium Ions Against Dimethylnitrosamine* 

Dose of calcium chloride 
mg/kg 

------ - ---------- ------

Dimethylnitrosamine alone 
Dimethylnitrosamine plus 

Calcium - 500 

Calcium - 250 

Calcium - 1 25 

*Dimethylnitrosamine - 1 5  mg/kg 

No. of micronu cleated 
polychromatit: erythrocytes 
per thousand 

9. 1 1 ± 0. 96 

2.22 ± 0.05 

2. 3 3  ± 0.07 

2.89 ± 0.08 

Table 9. Antimutagenic Effects of Calcium Ions Against Benzo(a) Pyrene. 

Dose of calcium chloride 
mg/kg 

Benzo(a)pyrene alone * 
Benzo(a)pyrene plus 

Calcium - 500 

Calcium - 250 

Calcium - 1 25 

*Benzo(a)pyrene - 1 87.5 mg/kg 

No. of micronucleated 
polychromatic erythrocytes 
per thousand 

9.44 ± 1 .08 

2.89 ± 0.08 

2.89 ± 0.08 

2.67 � 0.09 
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Table 1 0 .  Antimutagenic Effects of Magnesium Ions Against Dimethylnitrosamine. 

Dose of magnesium chloride 
mg/kg 

Dim ethylnitr osamine alone* 
Dimethylnitrosamine plus 

magnesium - 450.0 

ma gnesium - 2 25 ,0 

magnesium - 1 1 2.5 

*Dimethylnitrosamine - 15 mg/kg 

No. of micronuc/eated 
polychromatic erythrocytes 
per thousand 

9 . 1 1 ± 0.96 

1 .3 3  ± 0.09 

2.22 ± 0.05 

2.45 ± 0. 1 0  

Table 1 1 . Antimutagenic Effects o f  Magnesium I on s  Against Benzo(a)pyrene. 

Dose of magnesium chloride 
mg/kg 

Benzo(a)pyrene al on e* 
Benzo(a)pyrene plus 

magnesium - 450.0 

magnesium - 225 .0  

magnesium - 1 1  2.5 

*Benzo(a)pyrenc - 1 87.5 mg/kg 

No. of micronuc/cated 
polychromatic erythrocytes 
per thousand 

9.44 ± 1 .08 

1 . 2 2 ± 0. 1 1  

2. 1 1  �- 0 . 1 2  

2 .33  ± 0.09 

Table 1 2. Antimutagenic Effects of  Zinc Ions Against Dim eth y lnit r osamine_ 

Dose of Zinc chloride 
mg/kg 

Dim ethy lnitr osamine a lon e• 
Dim eth y lnitr osamin e plus 

Zinc chloride - 1 5 0.0 

Zinc ch loride - 75.0 

Zinc ch lorid e - 37.5 

*Dimethylnitrosamine - 1 5  mg/kg 

No. of micronudcated 
polychromatic erythrocytes 
per thousand 

9. 1 1  ± 0.96 

L3 3  ± 0. 1 1  

1 .44 ± 0. 1 2  

1 .67  i 0.09 
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Table 1 3. Antimutagenic Effects of Zinc Ions Against Benzo(a)pyrcne. 

Dose of Zinc chloride 
mg/kg 

No. of micronucleated 
polvd1roma tic ervtilrocytes 
per thottsaud 

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

Bcnzo(a)pyrcne alone* 
Bcnzo(a)pyrcne plus 

Zinc chloride - 1 5 0.0 

Zinc chloride - 7S .O  

Zinc chloride - 37 .5  

*Benzo(a)pyrene - 9 3 .75 mg/kg 

6.45 ± 0  . .  9 1  

1 .67  ! 0. 1 2  

1 .78 ! 0 . 1 3 
1 .78 ± O. I 2  

Table 1 4 .  Antimutagenic Effects o f  Manganese Ions Against Dimethylnitrosamine. 

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

Dose of manganese chloride 
mg/kg 

Dimethylnitrosamine alone 
Dimethylnitrosamine plus  

Mn chloride - 4 20 

Mn chloride - 2 1 0  

M n  chloride - I OS 

No. of micromtdea ted 
polydlrolllatic <·rytllroc)·tes 
per thousand 

9. 1 1 :! 0.96 

1 .67 ' 0. 1 5  
1 . 78 !: 0. 1 8  

2 . 1 1 t 0. 1 5  
----------····--·- ·  ____ ,. ___ ______________________ _ 

* Dimethylnitrosallli.nc - 1 5  mg/k!! 

Table I S .  Antimutagenic Effects of Manganese Ions Apinst Benzo ( a )pyrcne. 

Dose o( mangane.�<' chloride 
mg/kg 

Bcnzo( a)pvrcne alone • 
Bcnzo(a)pyrene plus 

Mn chloride - 4 20 

Mn chloride - 2 1 0  

M n  chloride - I OS 

* Bcnzo(a)pyrcne - 9 3 . 75 mg/kg 

,Vo of micronucfeatcd 
polycltrollla tic !'r_l' r ilrocy res 
per tilou.wncl 

.. --------·----

6.45 ± 0. 9 1  

1 .7 8  ± 0 . 1 4  

1 .89 ! 0. 1 6  

2.00 ! 0. 1 8  
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Complex formation between a metal ion and BP-7, 8-diol. 
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Table 1 6 .  Antimutagenic Effects of Ferrous Ions Against Dimethylnitrosamine. 

Dose of ferrous chloride 
mg/kg 

Dimethylnitrosamine alone* 
Dimethylnitrosamine plus 

ferrous chloride - 6 25 .00 
ferrous chloride - 3 1 2 . 5 0  
ferrous chloride - 1 56.25 

*Dimethylnitrosamine - 15  mg/kl( 

No. of micronucleated 
polychromatic ery throcytes 
per thousand 

9. 1 1 :!:  0.96 

1 .78 ! 0. 1 2  

2.00 ± 0. 1 5  

2. 1 1  :t 0. 1 6  
___ _ _  , _ ____ _____ _ 

Table 1 7. Antimutagenic Effects of Ferrous Ions Against Bcnzo(a} pyrenc. 

Dose of ferrous chloride 
mg/kg 

Bcnzo(a)pyrcne alone* 
Benzo(a)pyrene plus 

ferrous chloride - 6 25 .00 
ferrous chloride - 3 1 2 .50 

ferrous chloride - 15 6.25 

No. of m icronucleated 
polych romatic ery throcytes 
per thou sand 

6.45 ! 0,91 

2. ! 1  ± 0 . 1 7 
2 . 3 3 ! 0. 12 
2.67 ± 0 . 2 1  

______ _____ , _____ _ -------

* Bcnzo(a)pyrene - 93.75 mg/kg 

The inorganic biochemical systems u sed were alsn studied as regards their 
effect o n  DNA o f  the bone marrow cells .  TI1e resul ts  are shown in Tabl es 3 to 7.  
None of the systems tested induced the fonna tion o f  m ic rnnuckatcd polych ro

ma tic erythrocytes.  Tht>se systems d id not  a ffec t  rhe DNA oi the bone m a rrow 
cells. 

Calcium ions caused the reduc t ion o f m icronucleatt>d polychromat ic erythro
cytes  induced by d imethvlni t rosamine and benzo(a)pyrene ( Tables X and 9). The 

same observation was made of magnesium ions (Tables I 0 and 1 I ), of ziHc ions 

(Tables 1 2  and 1 3 ) ,  of manganese ions (Tables 1 4  and 1 5 ) . and of ferrous ions 
(Tables 16 and 1 7) .  A combination of calcium and magnesiu m gave the best reduc

t ion in the forma tion of micronucleated polych romatic erythrocytes (Tables 1 8  
and 1 9). 

It is very clear that the five metal ions counteract the m ll tagenic an d dasto

genic effects of dimethylnitrosamine and benzo(a)pyrene. Each of the metal ions 
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I H-C-H 
I 
s 
I H 

H - C- H I 

Demcthylation reaction 

s 
I CH3 

+ 

+ 

N1 .NHz � 0 - - - - - H( G �-� 
N - / >=- / � J 'b- - - --Hz N I 

through their vacant hybrid o rb ital s  can interact with dimethylni trosamine result 

ing i n  the inhibi t ion o f  i t s  metabolic activation t o  a mutagen . 

Dimethylnitrosamine can readily hin d  with me tal  ions th rough the lone pairs 

of  oxygen.  Both C<l lcium and magnesium ions can fom1 hexacoord ina ted com

pounds. The t ransit ion metal ions, fe rrous ions. zinc ions and manganese ions can 
form 4- and 6- coordinate complexes . Of the tetracoordinated compounds, the 

tet rahedral configu ration is  more favo red fo r steric reasons. 

Benzo(a)pyrene after metabolism fo rms diols ( l 0 )  which can form metal 

compl exes through the lone pairs of oxygen . 

It is possible that metal ions can deplete the concent ration of cy tochrome 

P450 in t he cells. The enzymes in this system are responsible for the mu tagenic 

activation of dimethylnitrosamine and benzo(a)pyrene ( I I ). 
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Table 18. Antimutagenic Effect s of Dolomite* Again st Dimethylnitrosanline.** 

Dose of Dolomite 
tablet/kg 

Dimethylnitrosamine alone 

Dimethylnitrosamine plus 

Dolomite - 2 tablet s  

Dolomite - 1 tablet 

Dolomite - Yl tablet 

No. of micronucleated 
polychromatic erythrocytes 
per thousand 

9 . 1 1 ± 0.96 

0.5 6 :!: 0.08 

0.67 ± 0.08 

0.78 ± 0.08 

*Dolomite - 1 tablet contains 390 mg calcium and 1 80 mg magnesium 

* *Dimethylnitrosamine - 1 5  mg/kg 

Table 19. Antimutagenic Effects of Dolomite Against Benzo(a)pyrene. * * 

Dose of Dolomite 
tablet/kg 

Benzo(a)pyrene alone 

Benzo(a)pyrcne plus 

Dolomite - 2 tablet s 

Dolomite - 1 tablet 

Dolomite - 1/l tablet 

No. ofmicronucleated 
polyclzromatic erythrocytes 
per thousand 

6.45 ± 0.9 1  

0.89 ± 0.05 

1 . 1 1 ± 0.08 

1 . 1 1  ± 0.08 

*Dolomite - I tablet contain s 390 mg calcium and 1 80 mg magnesium 

... Benzo(a)pyrene - 9 3. 7 5 mg/kg 

co++ has been shown to increase the rate of heme oxidation which led to 
reduction in the activity of cytochrome P-450 ( 1 2) .  This effect was also observed 
with Fe+ + ,  zn++. Mn+ + ,  and other metal ions ( 1 3  ) . 

Thus, the antimutagenic effect of the metal ions in this study could be a 
consequence of reduced activity of cytrochrome P-450. Divalent metal ions have 
been shown not only to reduce the activity of cytochrome P-450 bu t also to en
hance the activity of  glutathione epoxide transferase (14). This enzyme opens u p  

epoxides and there fore reduces their alkylating ability . Extent o f  alkylation o f  
DNA b y  b enzo(a)pyrene epoxides can thus be reduced i n  the presence o f  metal 

ions. 
Another possibility is the activation of the adaptive response repair system by 

the metal ions. Tllis repair system has been shown to remove methyl groups from 

06 guanine ( 1 5). Methylated 06 guanine is formed in the presence of dimethylnitro· 

samine. Therefore, if DNA is alkylated by d im ethylnitrosamine,  the adaptive 
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response repair mechanism can transform the altered base to its original form . This 

is illustrated o n  page 1 2 3 .  

Conclusion 

Dimethylnit rosamine and benzo(a)pyrene are mutacarcinogens since they 

induce the formation of micronucleated polychromatic erythrocytes in bone 
marrow cells. 

Their mutagenicity. however,  was reduced when c alcium ions. magnesium 

ions, ferrous ions, zinc ions, and manganese ions. Calcium and magnesium ions were 

administered an hour after the mutagen while the other ions were given at the same 

time as the mutagen.  

A comb ination of calcium and magnesium gave the best anti-mutagenic 

effec ts. 
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ABSTRACT 
Th(• water or liquid Gndospcrm from newly opened matur,• coconuts was 

�malyzed by hi)!lt pcrformanc..: liquid chromatography (HPLCi using a silica
based micro-particulate cation .:.xc:hangc n:sin bed (\Vaters Sugar-1'.-\KJ coiumn. 
Two sampks of <:Lll'onut "atcr concentrate preparc·d by r�vcr.�� osmosis <1t 20 and 
30 bars pr<"ssur� "·,,r,· al''' analyz,·d. Fkven IIPLC' dution peaks \H:re oh,erved 
corr'''punding to tile following carbohydrates: g!uc:osc, t'ru,:tosc. sucrose, sorbitol. 
mannitol and nligos:tceh:uid<'s with dcgr.;,: Llf polymeriz.ation (Dl') of 3, 4 5 and 
greater than 5. For coconut water from mature nuts the total .:on..:entration of 

sucrose, glucose and frudosc was 30 g/1. that of galactose, xylos..: and mannose 
was 2.3 g/1, while til.: mannitol concentwtion was close to 0.3 g/!. 

Gas chromali>!!raphy (GC) was pcrformc:-d on aldononitrik ,Uld alditol 
ac,�tatc derivatives of stJndard and coconut water carbohydr.ltes. 13ascd on 
retention times the fol!owinl! sugars. which wen: not srparakly dctcckd by 

HPLC, wen: observed but not quantitated by GC: arabinose. galactose, xylose and 
man nose. 

Introduction 

Coconut water is an important by-product of the coconut industry with an 
annual Philippine production estimated to be in excess of 2 x I 09 liters. It is the 

liquid endosperm of coconut and has been used to a limited extent as a beverage, 

especially from immature nuts, as well as fermentation substrate for the production 

of vinegar and 'nata de coco·. It is an excellent substrate for producing feed yeast 

(Caday et a/., 1980: Marfa et al., 1982) and rhizobia i noculant (Mamaril and 
Aspiras. 1982). Efficient utilization schemes for coconut water require complete 
and definitive data on its chemical composition. Unfortunately, such data are not 
available and only limited infonnation is available in the literature (Raghavan, 
1976; Philippine Coconut Authority, 1979; Hagcnmaier, 1Q80; Bwuonand Velasco, 
1982). 

Two of the most practical and sensitive methods for carbohydrate analysis 
arc high performance liquid chromatography (HPU.·; and gas-liquid chroma-
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tography (GLC). These chromatographic methods have been extensively developed 
since the pioneering work of Ramsey and Tswett early this century (McNair and 
Bonelli, 1967; Heftmann. 1975; Snyder and Kirkland. 1979). The development of 
rapid and automated HPLC methods, as well as highly selective columns, for 
saccharide analysis has been achieved within the last decade (Linden and Lawhead, 
1975; Conrad and Palmer, 1976; Verhaar et al . . 1981 ). The use of such methods for 
coconut water analysis is facilitated by the availability of commercially available 
columns which can separate simple sugars and sugar alcohols (Waters Associates, 
1982). These carbohydrates are the major components of coconut water. On the 
other hand. carbohydrate analysis by gas chromatography (GC) has been facilitated 
oy rapid and practical procedure for derivatizing the carbohydrate com
ponents (Albershein1 eta/., 1967; Crowell and Burnett, 1967; McGinnis, 1982). 

The present paper deals with carbohydrate analysis using both liquid and gas 
chromatographic methods of fresh coconut water and of coconut water which had 
been concentrated by reverse osmosis. The experimental techniques are described 
for identifying and quantifying the carbohydrate components in coconut water. 
The H.PLC results had been presented earlier (Bergonia eta/., 1984 ). 

Materials and Methods 

A schematic flow sheet of methodologies for sample preparation and HPLC 
analysis is shown in Figure I . 

Sample preparat ion. Fresh coconut water samples from newly-opened 
mature coconuts were obtained from the local market or from a desiccated 
coconut factory. Concentrated coconut woter was prepared by reverse 
osmosis (del Rosario, 1984) and ultrafiltered through XM300 membrane 
before HPLC analysis. 
HPLC Pmcedurc. The coconut water samples, which have been filtered as 
described above, were injected into a Waters Liquid Chromatographic System 
consisting of a Model U6K Universal Injector, a Model 6000A Solvent Deli
very System and a Model 401 Differential Refractometer. A Sugar-PAK 1 

column was 'Used. This semi-preparative column contains a micro-particulate 
cation exchange resin bed consisting of 1 Oum particles which are irregular in 
shape. It was designed to separate sugar alcohols and simple sugars up to 
oligosaccharides with degrees of polymerization equal to four. The tempera
ture of the column was maintained at 90°C in a fabricated glass water jacket 
using a Haake Water Bath Model D3 with a recirculation pump. 

The chromatograms were printed by an Omni-Scribe chart recorder at 
0.25, 0.50 and 1.00 em/min chart speeds. Attenuation was always set at 8x 
and the carrier solvent was usually pumped at 0.5 ml/min. Degassed and 
fresh doubly-glass-distilled water was used as carrier solvent. Also used as 
carrier in the later runs was 0.0001 M calcium acetate pH 6.8. Injected 
volumes usually ranged from 5 to 25 ul of liquid, depending on the con-
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cen tration of sugar in the samples. Back pressure ranged from 800 to 1300 
psi, while elution tin1e lasted from 12 to 15 minutes. 

The peaks in the elution pronles were identified by "spiking" and 
quantitated using available standard sugars. Quantitation was based on peak 
height (Snyder and Kirkland, 1979). Mannitol was used as internal standard. 
iriJJertase treatment of coconut water. To one milliliter of coconut water 
sample was added two milligrams of invertase powder (technical grade, Nutri
tional Biochemical Co., ICN Pharmaceuticals, Inc., Cleveland, Ohio, U.S.A.) 
suspended in one ml 0.04 M sodium acetate buffer at pH 5.0. The mixture 
was incubated at ca. 29°( for one hour and then heated in a boiling water 
bath for 20 min. The reacted samples were diluted with distilled water to ten 
times the original volume, filtered through Millipore 0.45um aqueous ftlter, 
and then chromatographed. For the control runs invertase suspensions were 
heated in a boiling water bath for 20 min before adding to coconut water 
samples. 
Amylase treamzent of coconut water. A commercial preparation of amy
loglucosidase (Spiritamylase Novo lSOL, 150 AGU/ml activity) was diluted 
50 fold with O. lM sodium acetate pH 4.8. A 2.0 ml aliquot of the diluted 
enzyme was added to the same volume of the solution of standard carbohy
drate 5.0 mg/ml or coc1mut water sample, which had been diluted l: I with 
distilled water. For the control runs. the diluted enzyme was added to the 
same volume of the buffer. l11e mixtures were mixed well and allowed to 
stand for 45 minutes at ca. 30°(, and then placed in a boiling water bath for 
20 minutes. The samples were cooled and then passed through a 0.45uM 
filter prior to HPLC analysis. 
Backjlushing of HPLC column. Back flushing was done by passing I 00-150 
ml of the carrier through the HPLC column in reverse direction whenever 
the back pressure exceeded 1500 psi. TI1e back pressure was also reduced by 
not using the column for a few days. Sonic cleaning of the ends of 
the column greatly reduced the back pressure. 
Sample preparation for <;c analysis. A schematic diagram is presented in 
FigLire 2 for sample treatment. Two types of carbohydrate derivatives were 
prepared for GC analysis, namely alditol acetates and aldo-nonitrile acetates. 

Alditol acetate derivatives of coconut water carbohydrates and stan
dard sugars were prepared using the method of Crowell and Burneti (196 7) 

as modified by Manullang ( 1981). The coconut water sample (1.0 ml) was 
concentrated by vacuum evaporation in a rotary evaporator at 60°( prior to 
reduction of the component sugars to their corresponding alditols. The 
internal standard, 25 mg a-methyl-D-glucopyranoside, was added to the 
sample. Five milWiters of freshly prepared 0.5N NH4 OH containing 20 mg 
NaBH4 per ml was added to the resulting syrup. The mixture was allowed to 
stand at room temperature for 15 hours. Concentrated acetic acid diluted 
I :  I with absolute methanol was then added dropwise until gas evolution 
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l 

stopped. This mixture was concentrated to a syrup as mentioned above in a 
rotary evaporator. The concentrate was then washctl free of diborane by the 
addition of 5 to I 0 ml methanol and then dried at 60°C in vacuum. This 
washing and drying was done five times and then the syrup was heated in an 

oven at 105°C for 10-15 minutes. 
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The sample was then acetylated by adding 7.5 ml acetic anhydride 
and 0.5 ml concentrated sulfuric acid. The reaction mixture was placed in a 
water bath shaker for one hour at 50-60°C, and then cooled. About 70 ml 
cold water was added. The derivatives were then extracted thrice with 
methylene chloride, using 25, 15, I 0 ml portions successively, and evaporated 
to dryness at 75°C each time. One ml water was added to the extract and also 
evaporated to dryness. Lastly, the derivatives were dissolved in 2.0 ml acetic 
anhydride prior to injection into the gas chromatograph. 

For the standards, 5-, 10-, and 15- and 20-mg portions of arabinose, 
galactose, glucose, mannose and xylose were weighed in separate containers, 
such that one mixture contained equal amounts of each of the five standards. 
The resulting mixtures were treated as above in place of the coconut water 
syrup, including the addition of o:-methyl-0-glucopyranoside as internal 
standard. 

The derivatization procedure of McGinnis ( 1982) for preparing the 
aldononitrile acetates was followed with minor modifications. About I ml 
coconut water concentrate was lyophilized and then suspended in 1.0 ml 
pyridine containing 2.5% w/v hydroxylamine hydrochloride and 0.5% w/v 
o:-methyl-0-glucopyranoside. The derivatizing mixture was heated in an oven 
for 45 minutes and cooled. Then 0.4 ml acetic anhydride was added and 
the resulting mixture heated for another hour and cooled. The mixture was 
evaporated to dryness by bubbling with N2 gas. Washing was done using 1.0 
ml each of 3N HCl, 0.5M NaHC03, H20 and H20 respectively, each tin1e 
discarding the aqueous layer. Lastly, the derivatives were then taken up in 
CHC13 which had been previously dried over Na2S04. 

Gas chromatography. A Shimadzu GC-3BF gas chromatograph with FID 
detector was used for both alditol acetate and aldononitrile acetate deri
vatives. The column packing was 3% OV-225, injection temperature was 
225°C and the colunm temperature was maintained constant at 200°C. 
The air and hydrogen pressures were 1.0 and 0.9 kg/em 2, respectively. 
Nitrogen pressure was set at 0.8 and 1.4 kg/cm2 for the alditol and aldono
nitrile acetates, respectively. The chromatograph sensitivity was set at I 0. 
with range setting of 4. The chart speed was 2.5 mm/minute. For quantifica
tion, peak heights were compared to the o:-methyl-0-glucopyranoside 
(5 mg/ml) internal standard. 

Results and Discussion 

HPLC Elution profiles 
The high perfonnance liquid chromatogram of fresh coconut water is 

presented in Figure 3a while that of coconut water, which had been con
centrated by reverse osmosis and diluted tenfold prior to analysis. is shown 
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in Figure 3b. The corresponding HPLC pattern for concentrated and un
diluted coconut water at the same chart speed, i.e. 0.25 em/min, is presented 
in Figure 3c. To the samples in Figures 3a and 3b, but not to the sample of 

Figure 3c, was added mannitol as internal standard. The elution profile of 
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concentrated and diluted coconut water without added mannitol is shown 
in Figure 4. The elution patterns of the different coconut water samples 
showed eight major and three minor peaks which are numbered in the order 
of increasing retention time. 

Jdent�(ication of elutiull peaks 
Table I lists the retention times of the HPLC elution peaks relative to 

peak no. 7. The retention time was also calculated for each "spiked" peak 
or the peak that increased in height after adding to the sample a known car
bohydrate standard. This table shows that peak 3 is probably maltopentaose. 
Peaks 4 and 5. which are quite small and have wide spreads of retention 
tin1es, are more difficult to assign but could correspond to maltotetraosc and 
maltotriose. Peak 6 corresponds to sucrose, maltose or cellobiose, peak 7 is 
glucose while peak 8 could be mannose. galactose or xylose. Peak 9 is fruc
tose, peak 10 is mannitol and peak I I is sorbitol. Peaks I and 2 could cor
respond to oligosaccharides with degrees of polymerization (DP) greater 
than five. 

An interesting broadening/splitting phenomenon for peak 6 was ob
served during the course of the HPLC experiments. Early HPLC profiles of 
coconut water showed a single peak 6 which was cleanly separated at the 
baseline from peak 7 (Figure Sa). Later profiles showed merging of peaks 6 
and 7, i.e. reduced degree of resolution, accompanied by reduced peak 6 
heigllt and increased heights for peaks 7 (glucose) and 9 (fructose) as shown 
in Figures 4 and Sb. Further runs showed a pronounced broadening/�plitting 
of peak 6 as presented in Figures 3a and 3b. 

The same broadening/splitting phenomen was observed for two reagent 
grade samples (Baker and Mallinckrodt) of sucrose which were used as spiking 
standards. For example, Figure Sb is the HPLC profile of reagent grade 
sucrose taken after the Sugar-PAK column had been used many times. Figures 
6a and 6b correspond to sucrose spiked with fructose and glucose, respec
tively. The figures indicate that the broadened/split peak for sucrose also 
contains invert sugar. i.e. glucose and fructose. Therefore, the broadening/ 
splitting phenomenon observed for pure sucrose could be explained by 
sucrose inversion in the HPLC column. In fact, the ma�miacturer has cau
tioned the HPLC user about this problem and suggested m..:thods for solving 
this (Waters Associates, 1982 ). 

The identification of peak 6 was done with the aid of invertase (tech
nical grade powder) whose elution profile is shown in Figure 7a (with added 
mannitol). A band was observed with the same retention time, within experi
mental error. as peak 6. This band cannot wrrespond to sucrose (which 
should have been hydrulyzcd by the enzyme) and is probably a stabilizing 
agent. The elution pattern of fresh coconut water with added active inver
tase is presented in Figure 7b. The corresponding pattern with added inactive 
invertase is sh(nj,n In Figure 7c. It is dearly seen in Figures 7a. b and c that 



Table 1. Relative HPLC Retention Times of Standard and Detected Carbohydrates in Concentrated Coconut Water. 
"" 0\ 

Srandard/Peak ,\'o. I 2 3 4 5 6 7 8 9 10 11 
-

None* 0.49 - - 0.78 1.00 1.09 1.14 - 1.41 

Maltose 0.49 0.52 0.54 - - 0.78* 1.00 1.09 1.14 l .4 1 
Cellobiose 0.49 0.52 0.55 - 0.78* 1.00 1.09 1.14 - 1.41 
Sucrose 0.49 0.51 0.54 - - 0.78* 1.00 1.10 1.14 - 1.42 � !: 
Glucose 0.49 0.52 0.55 - - 0.78 1.00* 1.10 1. 14 - 1.41 ;;; 

.. 
Fructose 0.49 0.51 0.54 -· - 0.78 1.00 1.09 1.14* - 1.41 � 
Xylose 0.49 0 .52 0.55 - 0.78 1.00 1.09* - - 1.41 o· - � 
Galactose 0.49 0.52 0.54 - 0.79 1.00 1.08* - 1.41 z 
Inositol 0.50 0.52 0.55 - - 0.79 1.00 1 .09 1.11 1.20* 1.39 � 
Mannitol 0.49 0.52 0. 79 1.00 1.09 1.14 1.25* 1.42 

'5" - - :I 
.. 

Sorbitol 0.49 0.5 2 0.55 - - 0.78 1.00 1.09 1.14 - 1.41 * -
> n 
.. 

None - - 0.56 0.63 0.71 0.78 1.00 1.09 1.14 1.26 1.42 
c.. 
..., 

Maltopcn taos.: - 0.56* - 0.69 0.78 1.00 1.08 1 .1 4 1.26 1.42 3 '< 
�altotctraosc - - 0.56 0.5 8* 0.71 0.76 1.00 1.06 1.12 - 1.40 0 

-. 
Maltotriose - 0.55 0.61 0.66* 0.77 1.00 1.08 1.14 1.25 1.41 C/) 

" 
Mannitol -- 0.58 0.66 0.73 0.79 1.00 1.10 1.14 1.26* 1.44 r;· :I n 

" 

Nnnc - 0.49 0.59 0.68 0.75 1.00 1.04 1.13 1.20 1.41 
Man nose - ·- - 0.60 0.70 0.78 1.00 1.08* 1.14 1 .25 1.43 
Xylose - 0.51 - 0.71 0.76 1 .00 1.07* 1.15 1 .23 1 .42 

Arabinose 0.43 0.44 0.49 0.80 1.00 1.08 1.14 1.29 1.47 

1.19* 
-------

*Concentrated cocc1nut water with no added standard carbohydrate. 
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later run -Sb) with water as mobile phase. 
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Figure 6c is the HPLChromatogram of sucrose alone. The carrier used was 0.000 I M 
calcium acetate. 

with active enzyme. peak 6 of the original coconut water disappeared and 

only the residual band characteristic of the enzyme preparation remained. 

At the same time, the peak heights increased for peaks 7 and 9, which corre

spond to glucose and fructose, respectively. A control experiment was done 

wherein invertase was added, together with sorbitol as in ternaJ standard, to 
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Figure 7. Elution pwfiles of invertase (7a), coconut water with active inwrtase (7h), :1nd 

inactiv� inv�rtase (7c) with m:�nnitol :IS int�rnal standard. 

solution of maltose (Figures Sa and Sb) and sucrose (Figures 8c and 8d). 

The enzyme did not hydrolyze maltose, as expected , and did not change 
its HPLC profile. However . sucrose was hydrolyzed by the enzyme and its 

elution profile wJs drastically altere d . This qualitative conclusion can be 

made inspite of complicating factors due to on-column hydrolysis of sucrose 
and the residual elution band of the invertase preparation. Reducing sugar 

analysis (using dinitrosalicylic acid; Miller, 1959) of the sucrose and maltose 

:.v�utions, which had been treated with active invertase, showed a quanti

tative increase in reducing equivalents for sucrose but not for maltose. Both 
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Figure 9. HPLChromatograms of 10�1 each of O.lM pH 4.8 sodium acetate buffer blank 

(9a) and amylase in the ac�tate buffer (9b ), both with 30,ug mannitol standard. 



142 Transactions National Academy of Science 

results of HPLC and reducing sugar determination show conclusively that 

peak 6 corresponds to sucrose and not maltose. The possibility of peak 6 

being cellobiose is highly unlikely on the basis of the results of the above

mentioned treatment with invertase. 

Amylase treatment of the san1ples was studied in terms of changes in 

the HPLChromatograms. Figure 9 shows that sodium acetate has a prominent 

HPLC peak while the commercial amylase preparation (Novo) also contained 

dextrins (DP > 5) and small amounts of monosaccharides. The action of the 

enzyme on starch is shown in Figure I 0 where the emergence of a prominent 

glucose peak is seen after enzymatic treatment. After incubating maltose 

with the enzyme the HPLC peak increased its retention time from 0.61 to 

0.77; this corresponds to the disappearance of the original maltose peak and 

the appearance of a glucose peak (Fig. II). This shows the complete enzy
matic hydrolysis of maltose to glucose. 

After amylase treatment of coconut water, the glucose peak showed a 

signitlcant increase in height. This increase in glucose concentration could 

only come from the hydrolysis of sucrose or oligosaccharides (maltose is 
absent as shown earlier). The sucrose peak height did not show a significant 
change as shown in Figure 12. Unfortunately, changes ill the oligosaccharide 

peak heigh 1 were masked by the presence of this peak in the enzyme pre

paration. Therefore, the conclusion that maltosaccharide peaks are present in 

coconut water derives partial but not definitive support from the increase 

in the glucose peak height after amylase treatment as well as from the ex

pected retention times for such molecules as previously shown by the equip· 
men t and coluiTm manufact urcr (Waters Assn cia tes). However, the presence 

of maltosaccharides in coconut water is not supportive of the previous 

findings of Bal:!subran1iam ( 1976) that the polysaccharides of mature coc

nut kernel consists of 617<· galactomannan, 26% mann an and 13�I, cellulose. 

Needless to say, further research should be done in order to positively identify 

the HPLC oligosaccharide peaks. 

Figure 13 shows HPLChromatograms of coconut water concentrates 

prepared by reverse osmosis at 30 and 20 bars pressure. The concentrates 

were prepared several months apart from mature coconuts purchased by the 
desiccated coconut factory. The close similarity of the chromatograms 

shows that the same major carbohydrate components are present in coconut 
water from mature nuts. 

Results ofgas chromatography 
The gas chromatograms of the aldononitrile and alditol acetate deri· 

vativcs of coconut water are presented in Figure 14(a) and (b), respectively. 

The use of pyridine as acetylation catalyst ior the Hrst type of derivatives 
resulted in severe solvent peak tailing which precluded accurate quantitation 

of the carbohydrate components. However, several peaks may he clearly seen 
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f'igurc II. HPLChronlJto�ams of 25}.1� maltusc contrnl (1 Ia) and amyla.<l:-trcatcd lPaltuw 
(I I b). both with 30J.Ig m:wnitoJ standard. 
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Figure 12. HPLC dution profiles of 10111 coconut water concentrate !cnntrol, 12a) and Jmy 

lase-treated concentrate 0 2b). with 301Jg mannitol as internal standard. 

in the chromatogram in addition to the internal standard a-methyl-D-gluco
pyranoside. Based on the retention times of standard sugars the identified 
peaks correspond to glucose/galactose/mannitol, sorbitol, arabinose, xylose 
and man nose. However. a few of the observed peaks have not been identified 
so far. 
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The gas chromatogram of the alditol acetate derivatives of coconut 
water (Figure 14b) showed less severe solvent peak tailing and fewer carbo
hydrate peaks. The identified peaks correspond to glucose/sorbitol, mannose 
and internal standard which were co-eluted and small amounts of arabinose 
and galactose. 

Quantitation of Carbohydrate Components 

Although the results of GC analysis could not be quantitated the 
presence of some sugar components were established. Arabinose, galac
tose, xylose and mannose were shown to be present using GC, whereas 
they could not be resolved from one another and from the other sugars 
by HPLC. 

The concentrations of the carbohydrate components of coconut 
water are given in Table 2, as well as concentration ratios relative to total 
carbohydrate. For coconut water samples from mature nuts with dried 
husk the highest concentrations were obtained for sucrose, glucose and 
fructose. The tabulated values of these concentrations are subject to error 
due to on-column sucrose hydrolysis as earlier mentioned in this paper. 
However, the total concentration of sucrose, glucose and fructose in fresh 
coconut water was found to be approxin1ately constant, i.e. 30 ± 3g/1. Sor
bitol is the fourth most abundant carbohydrate component in coconut 
water followed by oligosaccharides with degrees of polymerization (DP) 
greater than 5. The total concentration of galactose, xylose and mannose 
corresponding to peak 8 for fresh coconut water from mature dry nuts was 
approximately constant at 2.3 g/1. Likewise, the concentration of mannitol 
was close to 0.3 g/1. 

The carbohydrate concentration values for coconut water from mature 
green nuts (with medium fum solid endosperm) are also presented in Table 2. 
The total concentration of sucrose, glucose and fructose was equal to 51.5 
g/1. The concentration of sucrose was found to be less than half that of either 

glucose and fructose, unlike in samples of more mature coconut water. Like
wise, for less mature coconut water, the concentrations of oligosaccharides 
(DP > 5) and component 8, as well as the total carbohydrate concentration, 
are greater than those of more mature samples. These results are in agreement 
with previous literature reports and explain why coconut water from imma
ture nuts is substantially sweeter than that from mature nuts (Sison, 1984; 
Banzon and Velasco, 1982; Anzaldo et al., 1975). 

It is evident in Table 2 that a wide variability of concentration values 
was observed for the carbohydrate components of different coconut water 
samples. The factors for variability include age and variety of coconuts, as 
well as statistical differences among samples. As previously mentioned, 
the separate concentration values for sucrose, glucose and fructose are un
certain due to on-column sucrose hydrolysis. Needless to say, further research 
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Table 2. Actual and relative concentrations of the carbohydrate components of coconut water.* 

1 2 3 4 5 6** 7 s# 9 10 11 
Sample Total 

DP>5 DP>5 DP5 DP4 DP3 Sucrose Glucose Fructose Mannitol Sorbitol 

Coconut water 
Q. 

concentrate 18.80 6.32 3.67 0.59 0.59 31.40 30.55 6.17 29.52 1.41 28.94 157.96 g. 

30 bars (11.90) (4.00) (2.32) (0.37) (0.37) (19.88) (19.34) (3.91) (18.69) (0.89) (18.32) :;;l 
0 

(3 hrs.) "' 

20 bars 21.21 5.57 0.85 - - 32.36 31.23 11.89 32.83 - 32.17 168.01 l 
(5 hrs.) (12.62) (3.32) (0.51) - - (19.20) (18.59) (7 .08) (19.54) - (19.15) :I: 

'"C 
t""' 

Fresh XM3oo## 5.86 4.48 - 0.18 0.15 10.82 11.30 2.23 9.45 0.27 8.28 53.02 () 

(8.45) (20.41) 
0 

coconut (11.05) (0.34) (0.28) (21.31) (4.20) (17 .82) (0.51) (15.62) ..., 

() 
water "' 

... 

(mature PM30 5.29 4.05 - 0.24 0.16 9.55 9.96 2.03 8.28 0.28 7.23 47.07 a' 
0 

dry nuts) (11.24) (8.60) (0.51) (0.34) (20.29) (21.16) (4.31) (17.59) (0.59) (15 .36) 
::>" 

'< 
Q. 
... 
"' 

C l  9.34 4.69 - 0.38 0.27 16.78 5.72 2.72 6.10 0.35 14.98 61.33 
.... 
'" 
"' 

(15 .23) (7 .65) (0.62) (0.44) (27 .36) (9.32) (4.44) (9.95) (0.57) (24.43) s· 
() 

C2 7.40 5.66 0.44 0.26 20.04 6.90 2.35 6.13 11.57 60.75 
0 - - (") 

(12.18) (9.32) (0.42) (32.98) (10.09) 
0 

(0. 72) (11.36) (3.87) - (19 .05) ::I 
� 
..... 

Fresh coconut 5.92 7.85 - 0.29 0.20 8.89 23.60 4.52 19.00 0.32 6.85 77.44 
� 
"' 
.... 

water (mature (7 .64) (10.14) (0.37) (0.26) (11.48) (30.48) (5.84) (24.54) (0.41) (8.84) (1) 
... 

green nuts) 

* Actual concentrations expressed in grams/liter; relative concentrations based on total carbohydrate are given in parentheses. 
** Calculations were based on an external sucrose standard and not the internal mannitol, due to on-column sucrose hydrolysis (Figure 2a-2b). 

# Galactose, xylose and mannose were co-eluted in peak 8. 

## XM30 and PM30 are samples of fresh coconut water which had been passed through these Amicon membranes; while C l  and C2 are two other 
samples which had been filtered through a Milipore 0.45 J.Lm pore size membrane. -

� 
"' 
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is nee ded i n  order to overcome these problems as well  as t o ide n tify d e fi 

n it ive ly all the carbohydrate componen ts of cocon u t  wa te r . F u r thermore . 

the effect  of matu rity on the ca rboh ydrate profile of coconu t w a t e r  sh ould 

be qu ite in tere st ing in eluLida ting the physiol ogy o f  cocon u t  ripen ing. 
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Florinia E. Merca, Discussant 

This paper is supportive of any researches on the possible utilization of the 
carbohydrates from coco;mt water not only in yeast production but also in the 
food industry like in the production of industrial gels. J congratulate Dr. del 

Rosario and his co-workers on this paper. 
Gas Chromalography (GC) is a rapid and accurate method for carbohydrate 

determination and is also widely used. Similarly, high performance liquid chroma

tography (HPLC) is indeed an excellent method for carbohydrates analysis. This 
method is also more rapid compared to GC because there is no need for derivati

zation -a procedure which entails possible loss of sample. 
I have only one comment to make regarding the methodology used in the 

experiment. I noticed that you were not able to separate the monosaccharides 
clearly for both the GC and HPLC. I would suggest that perhaps another column 
be used for GC like Gas Chrom Q with 3% ECNSS which I have used before and 
obtained good separation. In addition, you can also use a Durrum Anion Exchange 
Resin for HLPC instead of a sugar - P AK 1 column for separating the mono
saccharides arabinose, galactose, xylose and mannose. Sharper detection could 
perhaps be made by reacting the sample after passing thru the column with a Cu 
dye reagent Na bichinchoninate and determining its absorbance. A borate buffer 
pH 8.9 could be used as eluant. 

R.R. del Rosario, Discussant 

The author should be commended for a very thorough study on the carbohy
drates of coconut water. This is by far the most comprehensive work involving the 
use of state-of-the-art methods for analysis of carbohydrates in coconut water. 

The paper is essentially a comprehensive study on the use of gas-liquid chro
matography (GLC) and high performance chromatography (HPLC) for carbohy
drat� analysis. It presents also the use of internal standards as well as enzyme 
hydrolysis for identification of unknown fractions. 

The interpretation of results however is limited by certain problems in the 
analytic procedure used. In the case of the HPLC the use of a non-aqueous solvent 

system might help resolve the hydrolysis of sucrose, which interferes in the quanti
tative HPLC analysis of sucrose, glucose and fructose. For the GLC separation 
temperature programming would help separate the individual fractions or peaks 
and help improve quantitation. The efficiency of the derivatization process of the 
different sugars is not indicated and therefore may not permit direct comparison 
with the HPLC data. 

In some analyses we have performed on coconut water by HPLC we encoun
tered the presence of inositol. In the analyses presented however, I have not seen 
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any mention of inositol being p rese n t .  Another question t h a t  may be raised is 

whe ther the processing ( reve rse osmosis) u sed fo r concentrat ion afrects t he cnm
pusition of the coconut  water .  
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ABSTRACT 

Shell, husk and leaf petiole ("palapa") constitute firewood from the 
coconut palm. T he energy output, E from P palms each bearing N nuts/bunch 
is E = (8.5 N + 8.4) p. Kitchen needs range from 300 MJ to 1400 MJ per month. 
Cal culations from the energy equation indicate that at least 11 coconut palms 
can meet average kitchen needs indefmitely. Leaf petioles alone from about 90 
palms can achieve same purpose. 

We are going back to firewood. Liquefied petroleum gas has become too 
expensive, and worse, it may no longer be easily available because of restriction in 
foreign exchange outflow. There are several sources of firewood. The present paper 
deals with a source that has merited hardly any attention: The coconut palm. 

While shell and husk of the "nut" are sometimes mentioned as being used for 
fuel, the petiole of the leaf ("palapa ") is more extensively employed for this 
purpose by people in coconut areas. Flower/fruit stalks, spikes, flower sheaths, 
etc. also make good fuel (Cornista, 1983). 

How firewood from the coconut compare with others of this kind is shown 
in Table 1. Coconut husk is nearly as good as, while the shell is better than the 
other listed fuewoods as far as MJ/kg are concerned. 

Table 1. Heating Value of Some Firewoods in MJ/Kg. 

Coconut husk -- - - -- - - - - - - - - - - 

Coconut shell ------- - - - - --- - - 

lpil-lpi.L common --- -- - -- - - - - - 

Ipil-Ipi.L "giant" --------------
P hilippine woods -- - - - - - - - - - - - -

14.7-17.5 ------------
23.0 -- - - -- - - - -- - ---

19.4-19.6 ------------
17.4-18.6 -------------
15.4-21.0 ------------ -

Festin, 1976; Wilson, 1930 
Paddon & Parker, 1979 
Aguilar, 1943; Wells, 1917 
Bawagan & Semana, 1976 
Aguilar, 1943; Cox, 1911 

The task set in the present study is to determine how many coconut palms, 
contributing husk, shell and petiole as firewood, can sustain a kitchen indefinitely. 

Two quantities are needed: the energy output of a coconut palm and the energy 
requirement of the kitchen. 

Energy output of a coconut palm. The biomass and associated energy from 
husk, shell and petiole are given in Table 2. Per month the coconut palm bears one 
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Table 2. Basic Data Used in Calculations 

Mass/unit (in kg) 
husk ------------------- 0.242 - - - - - - - - - - - · · · - - Hagenmaier 1980 

shell-------------------- 0.193 - · - - - - - - · - - - - - - - H agenmaier 1980 
petiole-·------------- ---- 0.5------------------ Zuniga et al. 1965 

Energy/unit (in MJ) 
husk - - - - - -·--- - - ·--· · - - 4·.05 ------------------ Festi.n 1976; Wilson 1930 

shell-------------------- 4.44------------------ Paddon and Parker 1979 

petiole ----------------- 8.4 -- --- ---- ------ -- Same value as for wood. 

LPG, assumed as c4 H10;49.6 MJ/kg Hougen eta/. 1954 
Kerosene, 42.02 MJ/kg; 41.42 MJ/L. Hougen et al. 1954 

Fuel wood assumed ave. 16.7 MJ/kg 
Fuel biomass from coconut palm, per month: one bunch of nuts and one leaf petiole. 

bunch of N nuts and sheds one leaf. The energy output, per month, of a coconut 

palm is therefore 

E = 

= 

(4.05 + 4.44) N + 8.4 

8.5 N + 8.4 in MJ/month ------- Equation 1 

The energy output of a coconut palm, as it varies with increasing number of 
nuts/bunch, is shown in chart 1. The equivalent in liters kerosene (41.4 MJ /L) and 

in wood fuel (16.7 MJ/kg) are also given. A coconut palm yielding one leaf petiole 
and a 10-nut bunch in one m onth produces 93.4 MJ of energy equivalent to 2.25 
liters of kerosene or 5.6 kg wood fueL 

Number of coconut palms which yield energy equal to one LPG tank of 11 

kg gas. 

Putting E as equal to 546 MJ (The energy in 11 kg of LPG), the value of p may be 
solved in the equation: 

E = (8.SN + 8.4) p----- Equation 2 

Chart 2 gives the calculated values of p as N varies from zero to 16. Thus when N 
is 8, p is 7. The energy value of 7 petioles and that of the husks and 

shells of 56 nuts equal the energy in one 11 kg LPG. 
Firewood requirements of a family. Evidently firewood requirements 

depends on size of family, types of food cooked, efficiency of stove, kind of fuel, 
frequency of cooking, management of fuel, etc. NEDA, as reported by PCARRD, 

states that in a survey of 23,430 households, the monthly consumption was 
22.1 kg of wood charcoal which it was stated, equal to 13.5 kg of LPG. Therefore 
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this amounts to 670 MJ/month . The US Academy of Science in its recent publi
cation , Firewood Crops, states that in a woodshort area such as India , the average 

user burns annually about a t1fth of a ton of wood (abou t 300 MJ/month) and as 
much as over a ton (about 1 400 MJ/mon th) in part s of Africa and Southeast Asia . 

LPG is the pre ferred fuel in cities and large towns: the consumption is about one 
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11-kg tank per month (546 MJ/month). LPG, however is an "efficient" fuel, 
since a high degree of control can be exercised in its use, by way of limiting size 
of flame, instant ignition and instant shutting off. (Compare for example, with 
use of ftrewood). 

Now, comes the question which we have sought to answer: how many coco
nut palms can supply indefmitely all the fuel needed by a kitchen? The fuel is to 
consist of husk, shell and leaf-petiole. 

Number of coconut palms to fuel a kitchen. As stated earlier several factors 
determine t he energy needs of a kitchen. Making use of the NEDA survey (670 
MJ/month), the number of coconut palms, p, may be obtained from the equation: 

670 
p 

8.5 N + 8.4 

p therefore depends also on N, the number of nuts/bunch. When N is 8, p is 9 palms. 
It is of interest to get a general picture of the situation, that is, what are the values 
of p for increasing kitchen energy demands say 300 MJ to 1400 MJ per month, 
and for increasing number of nuts per bunch? This information is obtained 
by using equation 2. Chart 3 summarizes the situation. Consider a coconut palm 
which bears an average of 8 nuts/bunch. When the husks, shells and petiole are 
used for fuel, the following values of p are obtained for selected kitchen energy 
requirements: 

E (MJ/mo.) p Remarks 

300 4 lowest, US Academy 
546 7 LPG user 
670 9 NEDA survey 
820 11 1 .S times LPG 

1400 18 highest, US Academy 

To answer the question: how many coconut palms can sustain an average kitchen 
indefinitely with fuel? The answer is at least 11. 

Coconut leaf petiole as firewood. The dried leaf petiole of the coconut 
(palapa) is more often used as fuewood t han the shell and husk of the "nut". 
This petiole was reported as weighing an average of 2 kg (Zuiliga, 1965). Losses in 
mass due to several causes and uncertainties in moisture content, leads to an ap
proximation of 0.5 kg average weight per dry petiole. Like wood, its energy value 
would then be 16.7 MJ/kg. At an energy output of 8.4 MJ/month, the energy 
associated with p palms would then be: 

E 8.4 p. 
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This relat ionship is shown in chart 4. It is indicated here that a kitchen 

tha t demands 670 MJ/month will need a grove of about 80 coconut p alms.  E ven 
if the palms do not produce fruits or in the even t that the palms are tapped for sap 
( tuba).  or if all the fru i t s  are sold . t he lc<J f-pe tioles are st U! there to provide t h e  fue l .  
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Florentino 0. Tesoro, Discussant 

Introduction 

I t  is recognized by economic planne rs that the core of economic development 
strategies fo r the fu tu re is energy.  Thus, it is fitt ing and significant  that e ne rgy is 

one of the subjec t s  p resente d in this six th annual scient ific meeting o f  the  National 
Academy l)f Science and Technology. 

The pape r of Dr . Banzon shows the pot e n t ial or coco nu t h us k .  shell a nd 

petio le  as fi rewood for domest ic use . and is the refo re relevant t o  t h e  na t ional 

economic development progrmn . 

The subject  of fi rewood or dendro-thermal energy is o n e  o f  t i l e  areas in whir:h 
FPRDl is seriously Joing R & D s t ud ies . As a m�t te r  oi' fac t in the present organ 

izational set -up o f  FPRD I ,  on e p rogram -- Tile Dcndro-Fnerg_r Program i s  c u r rently 

pursu ing resea rch pro jects on sol id .  l iquid and gaseous fue ls  from wou d .  Coconut 

lwsks.  shells and pet i l'le arc inc luded in our researc h  p ru jects .  

FPRDI cont rib u tions to the pape r of Dr .  Banzon a re focussed : fus t .  on some 

J ssu m p t ions and rel ate them to in format ion avaib bk frum o t her  sou rces. We 

would .  in a dd it ion , l i ke to highl igh t t he in fluence of moisture cnntent on the calo ri

f -ic value o f  wood or biomass bec:wse tircwoud is being used with LT rta in mois ture 
c ontent a n d  nc1·a wirli zero moisturt· con te n t . Since t h e  caloriflc value llf wood is 
given on the o vcn-dtT basis, such valu e  has to be co rrected fo r t h e  in l lucnn •  o f  
mois t u re L' l lnten t in  act u al use which in ou r view i s  a b as iL· c o nsidera t ion. 

i\. O 'conut Palm As f:ncrgl' Source 
If we gr;.�ph t h e  gro wth of fo rest t rees , in c l u d i ng c o c o n u t  t rees ,  with the 

l l rdin ate as rare of growth and the absc issa numba of l ·cars .  we ·,·omc up w i t h  a 

:; igmoid curve, rep resen ting a slow sta r t ful lowed by <I ll inc reasing g row th . t h e n  a 

decl inl' a t  l l id  agl' Fin;.�ll y .  t h e  trl' L' d ies .  Such gro w t h  pa t te rn .  h t l \WI'l'r.  is m tlucnced 

by �o i l  fe r t il i ty  and cl imat ic con d i t ions.  

In Lag u n a .  fanners  a 1 c  able to ln rvest  C lH .:o n u t  fr u i t s  cvcrv -t<; d ay s  bt• ca u sc of 

t h e  favorable cli mate and relat ively fe r t ile soil . Bu t ,  in  the  Visayas. par t ic ula rly in 
Ct:'bu prov ince ,  h a rve s t ing of cocunu t fru i t s  every 2 t o  3 mon t hs is a commo11 

prac t i ce .  
Ti tus .  in l'S t ima t i ng t i le pntent ial contribu tion o f  coconut  t rees to t h e  overall 

firewood supply , we suggest t hat a comprehensive st u dy be undert:Jkcn fo r the 

coconut  producing p rovinces to :.�cc oun t  fo r t he in Ouence of St1il ty pe and c l imat ic 

type as weJI as t h e  influence of age of t h e  t ree  during its productive period . All 

these relevan t  facts would l end support to t h e  presen t  paper. 

B.  Firewood Requirements of a Fami�v in the Philippines 

We fully agree with the author that firewood requirements depends on size of 
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family, types of food cooked, efficiency of stove, kind of fuel, frequency of 
cooking, management of fuel and others. We could not reconcile, however the cited 
figures of 6 70 MJ /month/family with the figures in the report of Eric L. Hyman 
entitled "Wood As an Energy Source for the Philippines" presented at the 28th 

atural Resources Management Forum on February 19, 1981 at the U.P. Asian 
Institute of Tourism (AIT) House, Dillman, Quezon City. The figures cited by 
Hyman on woodfuels consumption range from one-half to one cubic meter per 

person per year. Hyman cited Van Den Beldt's (1983 - personal communication) 
figure of 5 cubic meters per year for Philippine family of five. Knowland and Ulinski 
give figures for selected Asian Countries in 1976, as follows: 

Fuelwood Consumption in Selected Asian Countries in 1976 

Per Capita Official Per Capita 
Commercial Woodfuel Official 

Energy Consumption Wood fuel 
Consumption (1000 m) Consumption 

(kg coal (kg coal 
Country Equivalent) Equivalent) 

Philippines 329 22,960 226 

Burma 49 19,6::.1 273 

India 218 118,179 83 

Indonesia 218 111,708 360 

Nepal 11 8,700 291 

South Korea 1,020 7,350 91 

Thailand 308 16,091 160 

Malaysia 578 5,613 195 

Source: Knowland and Ulinski 1979, Appendix I 

Wood fu el 
as Percent 

of Total 
Energy 

41* 

85 

28 

62 

96 

8 

34 

25 

*TI1is number was erroneously listed as 0.41 in the source and error was duplicated in U.S. 

Interagency Task Force (1980) 

(Taken from: Eric L. Hyman. 1981. Wood As An Energy Source for the Philippines, p. 31) ) 

If the 5 cu.m. fuelwood per year for Philippine family of five is used in the 
estimate for "P" (no husk and shells), the figure of 80 obtained in the estimate 
could easily double to 160. 

With reference to our work at FPRDI on stove designs and efficiency, we 
would like to cite the following results. 

In a report (PCARRD-IBRD 5.4 entitled 'Development of Efficient House
hold Fuelwood Stove) submitted by Estudillo and Toroy to PCARRD in 1982, 
actual experiments on the efficiency of different stove models were carried out. 
Based on the findings (page 50), a two-burner concrete stove consumed 0.900 kg 
(oven-dry weight) of fuelwood (ipil-ipil) to cook 1.10 kg. rice, 0.454 kg chicken, 

0.200 kg vegetables and 0.800 liter water. From this information, 81.0 kg fuel-
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wood would be consumed by family cooking three times a day for 30 days. The 
total energy consumption, therefore is 1352.7 MJ/mo. (16.7 MJ/kg fuelwood) 
which is twice the 670 MJ/month. 

C. Influence of Moisture Content on Heating/Calorific Values. 

The calorific values for coconut husk, shell and petiole as given in the report 
are based on moisture-free materials. As such, they are higher than the calorific 
vrJues of air··dried materials which may contain 16 - 20% moisture. It is alright in 
the .;ase af kerosene and LPG because they are practically moisture-free -for which 
the calorific values used do not need any correction. 

Water adds to the weight of the material without increasing its calorific value 
and it takes energy to vaporize the water. Water also effects the ignition properties 
and efficiency of combustion. For example, oven-dry wood (zero MC) may have 
15% more heat value than air-dry wood (12-20% MC) and 50% more than green 
wood (50-100% MC). 

The effect of moisture is reflected in the following formulae for net heating 
value (NHV) of wood (Stephenson, J. Newell (Ed. Chief) 1955. Auxilliary Paper 
Mill Equipment, Vol. 4, First Edition. In Pulp and Paper Manufacture, McGraw 
Hill Book Company, Inc., New York p. 489): 

NHV=HHV(l- MC) -MC X 1053 

NHV is the Net Heating Value in BTU/lb. 
HHV is the higher Heating Value in BTU/lb, oven-dry basis 
MC is the moisture content 
(1-MC) - This represents the moisture-free wood or biomass. 
MC X 1053 - This represents the loss due to heat of evaporation of 

moisture. 

It is therefor;, appropriate that the Net Heating value which varies inversely 
with moisture content, should be used instead of HHV. Thus, equations 1 & 2 will 
be affected. Overall, the use of Net Heating Value will increase the value of "P". 
The lower combustion efficiency in the case of husk, shell and petiole as compared 
to LPG and kerosene has to be accounted for in the equations, which will further 
increase "P". Such corrections, if accounted for, will alter charts 1, 2, 3, and 4. 

Closing Remarks 

In closing, we would like to thank NAST, specially Dr. Tito Mijares and the 
organizers of this scientific seminar, for inviting me and Dr. Pancracio V. Bawagan 
as discussants to the paper of Dr. Julian Banzon. Dr. Bawagan could not attend 
today's seminar because of prior appointment and besides we would be presenting 
the same views. We sincerely hope that the facts we presented here would be viewed 
as a contribution for the sake of science and never intended to contradict the views 
of the author, who we respect very much as a person and as a professor. 
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Introd uction 

l tl S t i t u t icl l lS  a rc esscn : i :d to soc i l' ·cconn mic  g : o w t h  a n d  c l t :J ngc a l t h o u gh 

t h e re a rc prcva i.l i ng insl i tu t ium that  t e n d  r u  h in d l' r  �ro w t h  As Durnc' r  h a s  i n d i 
c at e d .  i nstit u t ions  which s � rw t o  p ruvidc t i l e  secu r i t y  rwccssary for su p p { 1 r t ing t h e  
J > r<Kcsscs o r  cc:uno1 1 1 i c  grr.1wt l !  a n d  dcvcl o p !llc n t  m u s t  h e  c o nsis t e n t  a t rwng t hcn l 
�clves t u  !<.Hill an i n t e�'. ra t e d .  co ! tc sivc sy stc n 1 .  I 

I n s t i t u t i o n s  :He 3 fu n ct i on of a n � t i o n's  c u l t u re . f o r  via b i l i t y  a n d  c ffe c t ivc

nl! >.�. t ! �c)· n1 1 1 s t  confo r m  to t he va.l u c  sy s t e m s  o f' : 1  p a rt ic u la r  c u l t t m' .  I f' they d(\  n o t  

c o n form . as i n  many im ported inst i tution s .  they l LlSL� t h e i r  c tlL: ,: tiw n ess a ft e r  a 1vh.ile 
,1 nJ C V L' !H u a l l y  f'adt: a w a y .  E l .kc t i vc :md viab i l' ,  tl t cy h e c O !llL' :1 1 1  i tHegra t c d  p a r t  ( \ f  
t he b u i l d ing block s  t.n natiun-b u il d in g .  

In  agr i c u l t u ral a n d  rmal d cvclop11 1 e n t .  in st i t u t io n s  se rve a s  t i l l'  c h a n n e l s  fu 1 

t h e  ;J d o p t iu n  o f  i n n u v a r i n n s  a nd p rovide l l iCans by whiL'h  t h ey could su pp o r t  r u ral 
d eve lopment  :md stru c t u r:d t ransform a t i o n  i n  t h e  ru ra l  cli 1 1 1 11 1 U n i t ics .  Fi rs t of a i L  
t hey p rovide t h e  mechan isms fur t h e  pooling o f  resot� !'l'L'S an d tal e n t s  a n1 ong t h e  

sm;dl  !':u n 1c r s  an d l:J n d lcss c u l t  il'a t t HS w h k h  o t h crwi;;e r•! m a i n  f'rag r n e n tcd a n d  

u n u l i l i;� c d . F u r  '.' X <lllip!c ,  t h e i n d iv id ual  small  L : rn 1e ; s a n d  :h'\1' 1 -css,·es  o n  the e m a n 
c i p a t e d  1 w l d i ngs L" an l � a r d l )  L i k e  a J v:l l l t ::tge o f  t h e  : id',;J nccs  i 1 1  fa rm t cdl rwlugy 
d e v e J u p e d  in regional  exp er iment  S t 3 t io n s  ciS wel l  as in t h e l n lL' rn : J t i t ll! J !  R iL'C 

Rcscar<.: h I n s t i t u t e  (IRRl ) nor the necessa ry t ec h nical  i n p u t s  fo r t h e  n c v.  : c c lm o l ogy 
\\ 11 t h e i r  fan n �  . . By furm ing fa rn1crs'  assoc iat ions t1 r cuopcrat ive < ' rga n i:-: a t i u n s ,  

t hese sm :.t l l  t'a rmc r�; arc c n :1b kd t o  acq u i re chc: tper  pmdLk' t iu n  i n pu ts a n d  avail 
t hcmsl' l vcs ul' the exte rnal  c c P n o m � c s  of ! :ugc-scalc m arket ing a n d  d i s 1  ribu1ivc 

(nganiz a t io t � s  b:rscd in  the u rb a n  centers .  
Secon d l y ,  t he gain s m a d e  th r o ugh nn p roved t e c h nuic>gy i 1 1  sm al l  agr icu i r u r e .  

'uch as  r h usc l l b t J i ncd t lw ntgh t h e  C rL't'l l  R:vo l l t t inn m ; t v  be s u s t a i n e d  fo r t h e  

b e ! ! e tl t  tl l. t h e  m ra l  c:o m m u n i t ies.  By i n s t i t u t i o n :i l i z i t 1g ex t e n sion c d u (_'J t i <.l n : 1 J ld 

Jcl m i n is t ra t ivc a p p r < ' 8 c h c s ,  fa • J n  p ro d uc t iv i t y  c,!ll be e ; t surc:d . 

t Durn·: r ,  l'c' ! c r .  l n \ l. i t ution\ :t:; aid\ to ,kv c l o p l l l l'll l in "Th e' Fut ure' n t· A�ric • >l ; u r v :  

Tc• · : l • tQ]o�v, l'dil' i · · :;  :1 1 : d  ,\.t � u\l l l l l ' i1 ! \ . "  (hl d rd .\cr i c; ! i t t:ral  I u'n • > n t il'< [nS i i tu t ,- ,  1 '174, 

1 6 '� 
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Thirdly , instit u t io n s  a re th� ven u es for the t r:�ining in l ocal !rJdership a n d  the 
stre ngthening of Inca!  governme n t .  Through fa rmers' associations a n d  other inst i
t u t ions, po t en t ia l l ocal leaders  arc g iven the means and opportun i t ics for t raining 
lln the job and t he necessary apprent iceship for local e n t  re p rencu rsh ip and the 
exe rcise o f  local !lllvermncn t fu nc t io n s . These i nst i t u t i o n s ensu r e .  t h e re fn re. r i te 
deve lopmen t o f  l ocal leadership  for rura l  t rans fo n n a t ion aud expand the  p mspcc ts 

for t h e  e m e rgence of grassroo t s  d .:nwc racy . 

Concepts of Institution-Building 

Pnwelso n · ., C llll c � p t 2  o f  in� t i t u t ions a t  the m i c ru a n d  man u lcv�h is J 'C r t i ncnt  
t o  inst i t u t ion-b u i ld ing i n  t h e LDC s. Puwdslt l i  ( I Y7� ) C t l t i sidns im t i t u t i l l ll ' wi t h  

fu n d amen ul bases a t  th.: m i cr o  a n d  m a c ro levels .  A t  t h e  I I I ic t o- l cvel i n s r i t u t t u ns as 
p a r t  Ltl a n a t io n ' s  c u l t u ral capi tal are d e t e rmined o r  s': l ccted i n  an (' 'SL' n t i :t l l� 

eL:on otl lic n i J I I !l C r .  in t e nus of hc-n.: l] t .  ,·u st . s u p p l v  : t n d  d e ni;;nd . :'\c,·,nd i n g  t ,1 t h is 

tl trn ty. i u s t i t l l l i lHIS a rc sele c t e d  by t l ttlSC �ro u p s  L' <i p a b l c  < l i' est a b l i s h  in�· l l i c l l t  :t n d  
l·or w h o m  t h e  inst i t u t ion's p t" L > Ll u c t  i l :ts : 1  g rc: t t  v a l u e  t h :t n i t  ..: •Jq, h c :rc . h " t h  1 a l t t ,. 
a n J  cost :nT su b j L· c t ivc ly  dc t e r t n i n c d . 

I n  a d c vcl l tp i ng ..:Pun t r� wh,· r �.· g r l ) \\ l h -sc ns! t ih' g ro t t p �  :! I C  :t c l i ic v i n g  J ' ll\\"C r .  
t h e• new i n > l i t u t ill l l '  wi l l  be t h o�c> d i rc c t l' d  l < t \\" a rd i n c t\' a � mg t h e  n a t u r: t l  j H < Jd tJ<' t .  

Two t ypes u f  c( )S t  J rc i l lh> lwd : t i l L' s;·,c-r il"i..:c , , f  1 hc fUllWt l t -scns i i iv c  ;c r u u p s  '' I I ' '  
p nccivc hcnc i"i t s  frol l l  t he n e w  ins t i r u t t l l l iS .  :n t d  t he  i L J Ss.:s  u f  t > l h c· r  g ro 1 1 p \  The 

cos t  n r  o n e  gnntp wi l l  he  t i l l'  v : i luc t he \  m u st s: IL"r i f ie· c .  \Vhnc l wn i t t s l i t l l t il l l l' ( lr  
l' qu :tl dlc C ! iH' I I L'SS : t r c  -;u hst it t 1 t :1 h k  t-n , L· :t·�h t l l l t o .  l i t e  l > lh' k 's C t i .\ l h  l l '  I I I ,· ! '"''.'' ' 

�. I"L1 1 1 pS w i l l  he Se ltX lL' U .  

1 - rt > ll l  t l t l' l l l J( l\l·)[Jil d] ' Uif l ( ,  ins t i ! L I ! J l l l lS  ll l l l S( Ll l l l l .tl l l l1 i n  t i l l' l t l l l g  II I I I l l t  

n J t i l )nal v a l u es.  t l!  e l se t h.:y wil l  pc r 1s h .  Cu n f o rt i i i t l · .  h tlwevcr .  l t a s  b l l t h pPsit tve 
a nd ncgu t i\C.' c iTvc"l s .  l'nsi t ivc l y .  in w i l ic·h va l 1 1cs a r,· t i l e  , ·, u r t d a t i' ' " '  , , r  i n s t i t u t i,ns .  

� 1 1d  t h e  l:.� t l c r C <l l l l l l l t  su rvil'l' w i t l l l ' l i l  val u ,: s u p p o t t :  l l C'!' :J t i v c h .  i n  w! J i ,· l t \": I I I I L'S :t,· t  
:t '> L' l l ll \ l f:ll l t ! S . l ll :t k i ll �  ccr l :! l il i n -; ! i t u t inn: t i  fl ) !"! \ I S  t l ' • '  ,. , ,., t l ) . 

Ow,• n s  : 1 1H.I S h a w  haw L' l l i ph a s i / c u  t h e· n e e d  t"u r  b ui l d i n g  U J '  , , r· ,· s,;c' t l l iC�I 
i rbt i t u l t l l l l S  t h :t t will h : t rn css t h e  in i ! i :! l iv c ;tnd c n t. l l u �i : JS\l'l ur r l t,· P ' l l ' l  Sc'f!J i l L' l l i S  l l r  
t l i t' pnpul : t t i L t n  i 1 1  : 1  d cvt' l l lp in� L" l lU lH t y _ 3 Tht'�c i m t i t r t l i u m  t h c1· t o t l l  . I S  p r, t b k m 
s o � l v i l l g  ins t i t u t i o 1 1 s .  t i l e- i t  ft l l" l l l <I t in n  a n d  ckvc· l n p mc: n t  u t  wh1ch s l t ll l i iJ  be ,· ,· r t : t il l  
p ri n c ip ii:� .  On t i le: wlw k .  t ! t ,)SL' p ri n c i p l e s  ;-,· l a t e  t < l  t h e  d cl i nl'a t i < t t l  n l  l .l l i 1 l" t i u r i S  pf 
t h e  su ppt t rl  :I t t h e• l t lc:tl leve l .  Jcce t r t ral iu tiun o l l u n r t i o n s  o f n a l w n <t l  !:'< lVL'Il l llll' l l t  
agenCies <.: t > t l t: e r n e d  w i t h  n1 1 al t ra n s fm t n a t io n .  t h e  i ncrease i n  t h e n u m b e t  , t C  kadc·r 
ship l "unc: t i l l n S  � I t  the l ocal level . <t n cl t h l· l i n k a gr s  , , f  t i le  rll l a.l  vil l : r ge' w i t l ! i r t  t il,, 
regi o n  :md t h e  n a ! i( )n _ 

2 Po\\TJsun. J u h n .  I nst i t u t io n s  f�H LCll tl O I J ii .. : GrtH\ " f i l  P r i l l Cl'tOIL Prinl· �·h' l l  l .il1 i vcrsity 
P t e'�S. 1 Y7 2. 

30wcn.s. hl!':t f ; I I l li R0h�rl Sha \\ .  Dc·vdnpmcn t  Rcl'unsidc·n·d : Brrd�in;: t i l e  :-:ap IK ! wc,·n 
the· �uvnn mc:nt ant.l Jlc'<'Pk LL'xin�tun ,  �bssadt ussdh: D.< · . I kalth ;tnd Co . .  1 9 7  2.  pp. 2 1 -30 .  
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Weitz's ( 1  97 1 )  concept o f  inst itut ion lies in th e  importance o f  public support

ing systems, which consists of a ne t work of fac tors external to the farm as a pro
duction unit  but so organized as to provide "a system of assist ance to the fa rmer" 

to increase production and improve his J iving cond i tions . Com posed of large num

ber of varying ele men ts , the systems covers fa rm services ( su pply marke t ing.  c re

d i t s) ,  publ ic services (education and heal t h ) ,  and physical i n frast ruct u res (ro ad . 
i r riga t i u n .  wareh ouses an d d rye rs ) 4 

However .  to assist the  small fa rmers d i rec t ly  and effec tively .  t h e  public 

su pport ing systems are not en ough . Wei tz has pointed out that in th e t ran sit ion 
from su bsistence to market-orie n ted pro d u c t i o n ,  the fanner in t h e  L DCs l a c k s  

cap i t al . knowledge . a n d  init iat ive t oward s ch ange, a weakness wh ich p reve n t s h i m  

( th e  small farm e r )  fmm taking ad van tage of t h e  avail able su pport ing se rvices .  

Expe rie nce In t h ese cou n t ries inc lud ing t h e  Phil ippines shows t h a t the sm;dl v il l age 

p n , d u c e r  Lines n o t  always make u sc of t h e  p ub l ic s u p port ing  system even if it 
e x i s t s .  I n  L1c t ,  he may nnt know h o w  to usc the  system h> his  ;Hl va n tage . ami t h e  

sy stem it sel f m ay l l l l l  be dcsi)!ncd t u  serve t h e  m a s;,cs l> f �mal l p rod u cers .  Th e i l'  is 
n � c d  t h e rt'forc fo r "an interm e d i a t e  orga n iza t ional  st rul'l u rc lw twCL' I I  t h e inJ i 

viciual  fa rr:1e r <.In d the service system that  will <.'nablc  t h e  smal l  p rn d u c e r  tu  u t i l iu 

t h e  snvices ava il a b h > .  I n  Wei u · s  wo rLi s " An o rga n izati •mal st ruct u rt is rcq u i1 ed 
that  can opera te fo r the villagL· c' i> lll i l l l t J J i t y . w i t h in t h e  vil lai!c L' i l l l l ll : u n i t y .  a n d  by 

t h e  l'flnrts  o f  t h e  vil l age Cil l l l l l l ll l l i t v . S  And t i l L' vi l Jagc cooperJt ivl' p rcwi d c �; t h e  

a n s w e r  t o  t h is o rg:! 11 ilational s t ru c t u re .  

L 1 1 1 p h a sis  •.\11 thL' his :u riL·al pe rspe c t i v e  o f  L'Oll l l ll ll l l i t ).  J ,· w l c > p r1 1 L' J i t  a '  .c 
p rocess o r  gr owth :t nd change in the  ru ral a reas of the L DC s  i s  c m ph:1siz.t>d by· 

Tavan.l ar  ( 1 9 7 7) .  Ci t ing the p r o g r a m s  a n d  Jc t i \ i t ies nf the Bri t ish J u t lwr i t ics  in  

Kenya in t h e  c a rlv 50's. Ta va nl J r P•'in t s  o u t  t h a t  t h e  lesson s i n  con1m u n i t :>1 ckvel

o p rn en t d u r ing che 50's and 60's m the Ph il ippin e-; should now he a ppl il· d i n  d e,·c l 

oping a n  i n t e�ra t e d  progr;ltll fo r ru r::d developmen t .  o n e  v i u l aspe c t  p f  whi.: l :  i s  
msti t u t i o n - b u i l cl i m� .  The expe rie n ce o f  t h i s  c ou n t ry i n  land i ns t i tu t i •.mal re fo r m s .  

impruve m c n t s  in pu hl ic ad m i ni s n3 t io n  and t h e  devel o pmen t o f  the  suppu ning  

serv i ces  i n  t he ru rJl a reas sho u l d a s  a m a il e r  ( \ ( policy . be i nc•1 r J lO ! d l t'<l in  Il L'II 
p r< > !f r a m s  and �; t ra t egies l or a�! r i c u h u  r:�l a n d  r 1 1 ra l  devel opmen t .  

Lesso ns from t h e  Performance of Supporting Systems a n d  

Other Institutions in the La s t  Three Decades 

Ti l l: sl o11: g [l)wth of pro d u c tivi ty on ! he Lt n n s .  the i n c q u i t :lb le  d is t ri b u t io 1 1  
n f  i n come a m o n f'. t h e  penpi e .  a n d  the  pe rs is ten t prublem o 1  li JH:Il l jl lnym c n t  � 1nd 
u n d e rcmplovmcnt in the rur:�l areas a riSL' frum a compkx cumbinal ion  of snc io
cennomic fa c t < J J S . Ce rtainly .  Gne fac r n r  contr ibut ing  to t he  s i t u a t iu n is t l te  inade·  

4, . .  ·) i tz ,  p .  1 1 1 - 1 1 2 . 
:>Weitz.  op. cit . . p. 96. 
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qu�cy and u n d c J di•vel o p l l J C I I t  o l ·  :;.\. iSi lng su pport 'c r1·icL'S :t n d  • > the t  i t J S t i t u t i < > I I S  

w l l ic h  shnu i J  ;!IW s u p p • 1t t : l t H !  assisLJ nce t "  t l tl' 1 tt ral p< • pu Li t i < > I J .  O t l h' r f:I C ! I J : >  
wou l d  i nc ! H d c  t he I .P I I nv.- im: :  

Tl t c  : :g r i c u l t u r:. l 1\' �Carc l t  : 1 1hl l'\. I C J I �l tl l l  ''" ' l cl lh \\ h tc l i  kt1· c iwc· n < l l �:t n i ; cd 

lv i l l t  a V i l' W  l c >  pruv i d i 1 1 g  t i ll' t" \ l L' IISi • lll t.'d l i L':J i iP n a l  su p p " r l  '" smal l I':i r l l l c- r, 
a n d  i 'J rl l l  wo1  k c r �  h : .t l' l'  n u l  'ucet'L'ck d in l > r mgl i l�  im p l llV ''d i (·..: l t n t JioJgy : tn, !  t h L· 
n c  ... ·c s;.:l r)' k c' l l l i i L· :t l  in i 'u r l ll : l t i < > l l  I < •  : t i l i 'a mwr� .  l lk cull l l lhll l  nii iL· ism�· t h a i  t h,· 
e x t cns i t > t J  s ... ' rvicc: t c n d d  t o  a�sist  l :1 r�L' a n d  wc·ll - t < • - d u  i 'a n n e rs .  it·:tv i t l f! t i l t· ,mal l  
and u n d c r p J ivili.:go'd '' Ill'S t o  t l 1 c i r  m1·n dcvtcc�.  � t il l  I J <) l d .\ 1 < 1  l a v . f l i e  : tpi<.: J I I t u r:tl 

J CSc�arch syste m .  P ll t i t -' t l ! ht• t  h : t n d .  ·.•s rep rc'Sl' n i d  in r e ce r t ! n· :t rs h� .. I 'C ,\ ]{ f { D. 

is j t l s l  beginning \ ( )  twe rt.:l li11C I l i e  m:1 rr, �·e:tr� , , f  k t ! l :1 r�y a n d  1 1 t:glc l ' t  u i '  L' SSL� n t iaJ 

a pp l i .: J  i't'SL' :i fd i c';; 1 1 1 1  dL'S i rahic- t > r  app;·p p J i :J i c' l l'C h l l t l l t >g: f , , r  L' l l l ] J .  l ives t " d ;  : t n d  
l hh c ry ]'l i Ud u c t i< l J J  a mi I t a :, nnly i'l'I'C i l t l v  i l ! <tlt;:u r:t l l' d  prugr:u m r, , r  t h e  ,•st :dl l i sh · 

11 ! C I 1 !  u l' • ...:gb. m :d res� :t rc· I J  cen t er�  a n d  t i le  p n •p ... ·r CI'JI U:l l i ; J i l  :u t d  i m p :·l >h' l l l l' J J t  • J I  

f� rm i n g  sy s ; c· n J S  b y  rc'g iU I IS .  

The supply , , : · l c' c h n ic•Ji m p u t s  t'tli' IH< > d l l c t i"n a11U t l 1 r:  rnarke t i n �  and S l <H:tg<' 

t > f  c c re: t ls  :• n d  • H I ! cr  C \ > J n r t l t > l l i t ics  arc' � t il l  i l l t' lfic ic· t J t  and :m Jerd c".'d npl'd . The 
ncccs�arv dcvclopmc: n l  and in legra t i u n  or p r iva t e' l l l :t r k c t ing 3 1 l d  d is t r i b u l it11l 

facil i t ies  in t he d t fl c rc n t  regions has r c m � i n e d  u n t 'u l t i l le d .  The "n>w t h  u f  �mal l  

su p ph store-; i n  the  h:u  r i e l S  :1s 11·e l l  : 1 '  t h e  d L·vd t > p l nL' J : t  • .  r S t ! p p l )  -d l> l r ib u t i > H l  

of cssc: n ti:tl farm i r.p u t s  (SL't'lb. I .C i t i l tl.c r' .  i n sct.:t i c iJcs.  L' I L' . l  u n d t' J  p 1  ; V,J I C'  c n t L· r 
p rise renw m s  inad e q u a t e  and fragmc' n t e d  t Ll  t his d a v .  Th l' k:u l c rs li ip o l· .\; (; .\ i n  t h e' 

p urch ase :mJ J ist r tb u t i tl ! l  ,,r rice and L"mn has helped � t i J l l l l l a t c  u t c r c asc d c c' I L� al 
p r o u u c t iun t h lll l l)!.h  p l lC C  suppun a n d  :t price stah il iza t iun scl lt.' i1 l t' .  b 1 1 l  t h e  1 1L'Cl'S
sary <J �si sl i tn·-·c �J !l(l s t i m ulus I l l  t he cst:Jhl is l l l n c n l  1 1 !'  pr iv �t t c  Sl < H:J�·-' . drymg � n d  
m a r k c t j l l g  facil i t i c >  h :.� v .: 1 1 0 1  been rc;ilil.eJ .  

Th e d c n- l • l!' l l lC n !  , , r  : 1:�r ic t i l t n ra l  nt! d i t  fp r the  r u ral '' 'lll i'IH J n i l i·:s i s  qu i lL' 

remarkable,  b u t  J t l l l  cnnsis t c n t  pol icy l i :1 s  b•_·cn I • .> I I Pw c d  i n  t h e  : J \s is1.t t l l'L' I I '  n 1 r:.ll 
h a n k s  in t he i r  -: :t p i t :J I  ht� i ! ,l - u p  :� 11 < !  i n  1 h c i r  c ll< J I' lS l u w:J r ,h v i <l h il i t y  : 1 11 c l i n c rc :ts in:: 

e iTcct ivcness.  SLJ n in� wi i l i  2(, b a n k s  in  thc 50\.  t ! tc ru 1 ;d b : J n l-; sy ·: r c n 1  h: 1s  �ru\\' : 1  
i n w  more t lwn 800 u n i t  b:t n k s  in t h e  c:nly 70's. l'v\a i n l :,: ... · , • n c .: J i t r: t kd i 1 1  l u .J il 
assis t ,t l l c'c  f1 1 f  p ro,l l1 ·2 t inn : l l ll t l l lt; Smd! l farmers,  t i lc''>c t U r :J !  h a n k> I . :J i t' I t •  h t' � l l i tkd 
i n  pr. , v i d i n g  ... · r•,' J i t  for  sm:il l 1 mdcrs and  sm�Li l n l J n ll l'ac t L I J l ' l C: L' J l l  c t  p r iSL'S  i 1 1  t l 1 c  
n t  r :.Jl c o m m u n i  1 ics .  

On t l 1 e  i n s l i t tt l i o n : d i !. J l ion " '. l� :l d · r ·� f• .-. n n  i m r k l ll c' l l l :l l it l l i .  t h e re is 
appa r e n t l y  J t t o r c  l 11 c: r i t i c: i7.; i n  I h ... • b re:Jch r:.Jt h c r  t h a n  in t he pcJ l o rmanc<· .  The 

< > rga n i !. a l i<l ll ,, 1· a separ:l t l' M i n ist ry of Agrar ian Rt' i-n l m  ! tas ,tpp�rc' n l ly IL',;ul r ctl 

in ! h t:  Cll l l l'C i l t r:.t l il l l l  oi' re f or m a c ! i l'i t ies in Olll' S in�k J�c' llc' y ,  b tt l  i h C  c' c h l r d i ! l :J 

! inn t l f  i n t c rckpt: n d c n t  and 11 1 1 J t. ua l l y -su pport in)C :v: t i v i t in fn r <tl,!ra r ia t J  rdtHi l lS  
IC l l l :J i n �  ;IS d i ffi c u l t  as evc' r .  
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Package Program Under Land Reform 

Perhaps the most important development in inst i tut ion -bu ilding in t h is 

cou nt ry is t h e  package p rogram for the land-re form a reas . This consist s  of. besides 

t h e  t ransfe r of small landhol di ngs to thei r  p resen t  o ccupants or tenan t s , t h e  pro· 
visiun of cheap and read ily available tec h nical inpu ts ,  a workable cre d i t  system,  
essent ial s torage a nd marke t ing facil i t ies, and organiza tion for the  improvement 

o f  com m u n i t y  l iving . 

The food p roduct io n program launc hed by t h e  presen t ad minist ration is 

design ed primarily t ll  achieve sclf·su fficiency in rice . corn, and o t h e r  pr imary 

crops.  However. by t he very natu re o f  rice p roduction based on the o u t p u t  of small 
operating un its,  t h e  p ri n c i pal beneficiary of the i n tegrated food p roduc t ion p ro· 
gra m ( e .g .  Masagana 99) a re t he small lessees and new owners who are recipients ( \ f  

lan d  re fo rm .  

The develop men t  of  su pply i n s t i tut ions, of c redi t : m d  market ing facil i t ies ,  

;mel l l f  fa r m e rs' o rganizat i lm S ( t h 3 t  will spread the benefi ts  of  the supporting sys

t em s ; tmong the ru ral �· l l ll l !ll l lnit ies and d irectl y  to the f� rm house h o l d s )  are ab

sol u t ely nccess�ry to a successful land reform program . This is one way of restating 

the fu n d a 11 1en tal truth thm an in tegrated r ural d evelopment  pmgram is essent i al 

to t h e  succe ss of agra ri a n  r e form . U nless this fu ndamen t al t ru th is rccogn izl'd a n ct  

implemented decisively t h e  l a n d  reform ad minist rat ion , agraJict n r e f o r m  in this 

c o u n t ry will he a pro t rac ted and fragme n ted p rogra m ,  and . the re fo re i n e ffec tive 

a� an i n st ru m en t  for overall ua t ion al development.  

Evaluation of Performance: Supporting Systems in Action 

A brief eval ua t io n  ni the perfo rmance of t he pr incipal supporting systems 

op e ra ti ng in th.: ru rJI com munit ies i s  m <:�de wit h  t wo main objec tives, namely : 

( a )  t o  ddcr 1 1 1 inc t h e insti t u t ional e ffec t iveness of each s u pp o rting syst c l l l  in term s  
o f  direct  assistan..:e p rovided to  t h e  fa nners at  t h e  village nr local level a n d  t h e  
prusp c c t s  '.' f  ex ten d ing Sctch assist ance t o  mnrc fa rmers or t l l l lrc bar ri\)s that need 

sud1 assi s t a n c e :  and (b ) to point up t he policy im pl ica t io n  of >LH: l t  perfo rmance, 

l ll  t he' need for imp ro v i ng ,, r :ld.J tt s t ing  p o l i c ies and p < > ! in instro : l ll ·: n : s  in view o f  
t h e  n c'eds : l l ld :JSpi rat i o n s  l )f t h e  r:t : :.ll pnpula t i cl[l . 

The r�view uf t h e  pe .-ft)rma!ll:e o f  the supjlnrting �y· s t l'lllS and  t h e i r  supple

: lh.' O l dl j  i nst i t u t ions in the• l u\t t e n  ye a rs ur S< > ,  w ill l "i n d  tfut t ! ! cy h:1w c· ommu t i  
l'U i J S t i J t n h  i n  t c'fl l l S  o i  ' ' '!!.anizat i < ln :d . J d min is : :-;; t ivc : m d  polil') , ! i ! · ,·: �u i t ics .  '.l'hil'h 

!ll l i S I  i l L' • lV i' rc:,l l n l' if  t i t ;: ;,· insti t u ti o n >  a re to a t l ;1 i 1 1  gn•atcr .: l i �·c· t i h' n ,·s� :llJL! 

viab i l i t -, .  S• " i l l'  nf ! I i ese C \ ' IT I I '! ! i l l l  c•J l l Sl r J ! I J 1 S  :ut� tl 1 e  fn l l o w i n g .  
: 1 . ]J 'u. lt'ifi/U(T •.J.( tmiJ ! < '£! illil! ifl< ! � l ·cr ro  il i !Licrlakc !1 1 ,  I J ('c, · .. \ \.,!IT acti:"i!in in 

tli< '  di/./ercn r  l"<.'giolis. Thi> is ,-spcciai ly � f'. l l '  i 1 1  t h e  c :tse of' : ! 1 .: E u r r : lll uf .·\gricul
t u ral [' k r i�J • ll l ,  1w1 to m e n t i o n  t he M in ist:-y u f  AiT• ri : tn  Rc· f•. > i i : L  i lw ! le !J  wo rkrrs 
wh i·: ! t  h J v ·.: to cJ: ry <I heavy case loa d ,  too ! Je:n y  p c: rl l aps t,J  J' ,' rm i t  ·:h.•sc <'! !hi l'ft'ec -
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tive working relationships with the farmers to be assisted .  In the case of t he 

PCARRD, the number  and quality of scientific manpower needed fo r the diffe rent 

regional ex periment stations to  meet total requirements will remain insufficient for 

sometime to come. 

h. Programming of assistauce activities by regions is still in its initial stages. 

There are organizational and management problems to be faced if the various 
supporting systems are to be effec tive instruments in giving dired assistance to  the 
fam1ers and ru ral groups they a re designed to serve. There is still need to  decen

t ralize the planning and programming of activities of the various public support 

services and to relate them t o  the regional development plans and p rograms of 
N E DA .  

While it is recognized that the NEDA has started t o  decentralize i t s  planning 

functions and t he diffe rent sup port ing systems have their regional offices, the 
practice of decentralized planning, particularly for rural developmen t ,  has to be 
observed in each region of the archipelago and t he im plementation of the develop

ment plan and program for each region has to be done in concert among the parti
cipating support services. 

c. Many of the supporting systems have not developed the capability to 

harness local leadership or tap leadership potential in the rural communities that 

will supplement their field force in implementing their support services. An insti
tutional framework covering the leadership requirements for general and specific 

tasks in ru ral development must be devised in order to  delineate functions and spe
cify responsibilities at the regional and local levels. 

d. Linkages with related supporting services and with the institu tions at the 

regional and local levels are still weak and uncoordinated. This is especially t rue 

with the land-reform program and with the other publi<.: supporting systems. 
Only the agricultu ral research system (PC ARRD) has exerted considerable effort 

in establishing regional linkages as well as international linkages. But even with 
PCA RRD, the internal l inkages will have to be  st rengthened with common pro
grams for the t raining of scientific manpower and the assurance for funding at 

considerably high levels will have to be defined in policy .  

Policy Implications 

The development of institutions in a growing economy is not an easy task. 
I t  requires resources, time and, more important, administrative or  development 

management skills and innovative, dedicated and competent field personnel. 

The policies and measures essential to the achievement of institutional 
e ffectiveness and viability range far and wide - from an administrative policy that 
will ensure decent ralization of  support services and regional planning to a system o f  

incentives and awards for the private  sector and for outstanding pe rformance in 
the public service. These policies would be concerned also with training (formal 

and info rmal) to generate competent and skilled field personnel and development 
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m anagers.  In some cases these will require domestic and foreign fellowships for 
advanced studies in the sciences and in public a dministration . 

An administrative policy on decent ralization of the national public support 
services and the coordination of symbiotic and related activities is needed at the 
regional and local level s .  This will help remedy prese n t  fragmentation and ten· 
dencies toward furth e r  prolife ration of  local agencies serving agric ulture . It m ust 
also be supplemented by the decentralization of planning activities u nder N E DA 
and t heir tie-up with related programming activities of the suppo rt services at the 
local level. 

In developing the capability foi harnessing local leade rship potential .  the 
suppo rting services need organizational skills and management competence among 
t heir  top and m iddle personnel . To he able to establish supplementary institutions 
to the public su pport services, there shoul d be an inc rease in the number of  skilled 
o rganizers fo r coope ratives as well as farmers' associations. And for this purpose, 
a combination of policy measures would be essential joint t raining programs with 
institu tes or development centers designed o r  assigned to work in the ru ral areas, 
p romotional-educational programs on farmers' and consumers' coope ratives, and a 
system of incentives awards fo r outstanding field organizers or innovators. 

A specified policy covering a system of incentives and awards for outstanding 
pe rfor mance would be the m otivation and generating force in establishing the 
linkages with the private sector as well as with institutions or agencies, both public 
and private, opera ting at the regional and local levels. Concurrently , a con tinuous 
dialogue with the leaders of private business/industry should be undertaken by 
the public suppor ting sy stems. Through this approach they could h arness the 
active support of the local groups or associates for their programs of  assistance 
and of providing guidance in the continuing review and evaluation of  their p ro
grams and activities for and with the rural people.  

Lastly, a development strategy for institution -building, calling for a com
bination of policies and policy inst ruments,  will ensure a high pay-off in insti
tut ional effectiveness and viab ility as wl:ll as the p roper timing of implementation. 
Perhaps the best guide for such a strategy is a c oncrete knowledge of past per
formance among the supporting systems and a recognition of the kind and quality 
of available leadership in these i nstitutions, together with an appreciation of the 
prevailing socio-political situation in the coun try . 
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Paz Eulalia L. Saplala, Discussant 

In � t a t in g  the fu n c t ions t l t at ins titutions serve in �tg r ic u l t u r al ant.! r u t·a l 
d e velopmen t ,  D r .  Dal is:.ty u nde ! SC( l i"<'S w h a t  JHC!\e n :  stru..: t u rt·s i ! : Jvc  not been able 
to U ' l .  H1s paper  � · ivcs a cumprl'ill'nsivc view u t· J J1 s t i t u t in n s  i n  t h e· t r: J t J s i'o rn J <J t iuli 

, ,f  J ll l<ll l i fe i ! l lU p c rh:1pS suggests  t h e  ;m s w e r  t o  th i�  n a0�gi � tg qucs t iun : Wll \  i -;  the 
po: > t  Lt rmc r  s t i l l p·. 1 u : '' 

l :.trn cs�cn t L d ly in ;.�greell ! <' n t  w i t h  puin t �  q re ssed hy D t .  L).disay i n  h i� papc t  
:m d I kcl th e�c , , ,  he t lw l o l !owing : ( l )  t h e  rll't�d r( l r  a n  i n t eg r:.� tcd Cl!h C� ivc sy�; ! l'll"l 
1 1 f  inst t t u t i < > llS  ! " . 1 1  t h l' • r:l lls i'ur m:JJ i<)ll nf ru �,Ji l i fe ,  ( 2 )  t h e > !t' ,'d I <' a t t!C !ll c n !  t !"J ine< '  
�'l i 1 1 1 pnw,· r  t n tltc fie l d : f1 1 r  c m p l t a�is .  m:t v  I a d d .  the l l c,:·J w 1 ; a  i t t  " r  c v ,· n  � -: - t rain 
c x t e n s inn ;·: !,;C n t s ,  d cvcl opl l ! 2 1l �  !l l :t n :t�crs  :md t he· Lmncr� t l t cm ,;.; ] ve s :  ;md (. ) .J i n  
l iH' a rc' ;t • > f  p o l il y m:J k in.,;, t l w l l l' l'd  t ( )  fo r 1 1 1uLi t c  : t  d n c l\lp111 c n i  ) [ r :J tcgy i n  i n s  I j ( ;.l 
rion buil t.l i n g  that  is based nn a concre te knowlcc g<: o f  p:tst  pe t l cHi lnncc ut  
su p p n 1  t wste r; t s .  : 111d ( l f  t h e  lead ersh i p  av: t i l v bl c  i n  t il l'SL' S \" S I V I11 S .  : 1 1 1d  :1 1 1  ; ; p p rc· , · i : • 
l i , > n  , , f t lw soc in-poi i t ic :t.l ;; i t u : t t i o n  i n  t l t c  Pl i iJip J ' i l l (' > .  

l>r . DaJisa y·s  a n a l y t i..: ;tl ct p p raisal '.l f t h i.' p rn b k n t  t > l  i n -; i i t u t il > :1 b u i l d i ! J g  f,H 
r •nJ !  drvcl t > pme n t  is l>o l i t  vet  t ical  Ht t.l l w r i ; n l l t :t i . O n  l h t' v,; r t ic .l l  aspec t , I \\ i Si' 

to s t ress th ree poin t s .  Firs ! . there is t h e  n<:cd ' "  s t rf.'ng t h ,· r 1  :w l k ics :1 1 t h e  l i.>!' · 
b u t  such pulic ies m ust be i n t(Hmed hy what t :1 k e� pla;,;c- in l i t e' sy s t crn . :\ cc'lllTl l ll l l l ·  

cat i . Jr. stra tegy sl t o t t l t.l w o r k  u p  a n d  down t h t?  l a d d e r ,  w i t i t  t ' c) l i c r c 'i m uvin): d o w t ; 
wart.l. b u t  :il sn w i t h  co rrec t acc u ra t e  m t"o rm a t i n n  mnvin�  u pwu rJ t o  t? l t l iglHC: t l  

pt_, J ic y m a k e r s .  
;\ �econd po i n t in  t i l e  ver t i cal appra isal is t l : r  s t re ss Lt id h ! ·  D r .  Dal is:ry o n  

t h e  n e e d  t o  cl etcn t ml iz e  p l a n 1 1 ing a n d  p ml!ran u n i ng o f  act ivi t  ics o l · va rio u s  S U fl l ' o r t  

:,crvic· �s and t o  reLt t e t h e m  l t.> t h e  rcgil) fl <ll dcvc l l l p l1lc n t  p l ::t n s  :l l ld p r o�.crant:-: nt  
:\ 1-. D A .  ·n1 cre is a n ee d  to  i n \'o l w  peup le Jowe t  in  t h ·:: Ltd d e r  i t ·, < ll f.! <: n iza t io r ul a n d  

m a n agemen t fu n c l  j ,  Hl S .  
A r h i rd poin t  in t l � i �  v�ri ic : r l  ; ! p p :·a isal is : h t' r:ccd l \ l  r d cn t i f�' t ill' l o c a l l ca u e rs 

who c:.rn C\ltn pkrn e n t  ami s t rengt hen the fie 'd r·o r c c .  The <]I IC�! inn t h ;tl arises l t c r c  
i s .  h o w  d o e s  o n e  idcn t i i"y t h e  l ocal lea d e r s  u r  t h e  p c rs,llts wi 1 h  k.1dcrship po t en 

r i a l �  W h a t  role wi l l  he :.J ssigth.·d . i l . ;tn y ,  t n  t r :.td i r ional J u t l t n t i t v  fi g u r e s  i f  t he:- arc 

n o t  id e n t i fied as the kad c t s .  
I n  t h e  hnrizo Jtt a l  : tppra is::tl . D r.  Dal isay L'V. Ct ! l l ines each ; ��pee' !  . , f  1 h e  p u b l i-: 

su ppo r t  syst ems,  poin t i n g  o u t  w h c rl: the inadequ:.Jc'Y o r  t h l� fai l u t t' rn:1 y  ti L' .  Un

d u t ;btcdl y .  tnst i tu t i . m  bu ild ing i n v o l v e s  a co1 11p k x  i n t e r! irking of var ious  c !.e m c n t � .  

T i l e  p r l1bk n t  t h L: I I  i s  how can a l l t he: va r iab l es c ruc i al tn imtit u t in n  b u i l d i ng b e  
developed sit n ultancousl y ,  (m a n y  weakness in o n e  o r  r n orc p : 1 r t :;  � 1 1 a v  re n d e r  t h e  
w h o l e  sy s t e m  i noperabl e .  T o  e ffec t  :.t mean ingful t r:: l !lsfo rn t al iorr o f  ru ral l i fe a n d  

to strengt h e n  t h e  ;;ocio-cconom ic-pol i t ical ·cult u r� l  villa�c' u n i t s .  t h e t e  n t l l s t  h e  <J 
synchroni1.ation of forces. 

Perhaps ont: of t h e  m o s t  crucial fac tors ,  if n•.ll t h e muu c rucial fa.: t o r .  in ins ·  

t i t u t ion bu ilding is  the h um:m demen t :  The people sucll  as t l te  f<J nners .  the 

e xtension agents ,  the scientific wurk.:rs.  the po l ic y mak ers : and t he i r  v:il u ·:s.  J i l l-
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t u des. m o t i va tio ns,  knowledge. wo rk t:th k .  asp i ra t io n , a n d  v ision Ll f t he )!Llnd l iic. 

If inst i t u t ion buiiJ ing is t o  be in tegrat ive and colwsi vc.  a� i t  must be. a t tcn t inn must  

be pa iu to  t he h u m a n  e lem en t . fo r i t  ts man who p u t s  u p  t h e  sys t e t t t  j(Jr man and 

i t  i s  m a n  w ho c:m m a ke t h e  sy stem Wl�rk or fai l .  As Dr.  D;�li,ay po i n t s  nul .  i t  i s  
necessary t l l  c J u c a t e  the  f:.�rmn su that  he wi l l  know how Ill make u sc o f  the sc r ·  
v ice sy s t e m s  �tv:r i l ahl c t \ l  hin t .  F u rt l r crmore .  i t  i s  a l s o  nc,�cssa ry r u  Jden t ify t he· 
p u t cn t ia l  l ca J c rs ,)n t he I , Jcal l e v el a n d  t o  t r�t i l t  SLt c: l t  pcrS L l l l\  su t l u t  t l 1ey can h ,•l p 

i l l  t h e  implc l l l t: l l t �t t i u n  o r  prugra t l lS .  

lhc t r a i n i n g  a n d  cJ uca t i L l l l  pro�r<J:H f< H f:t rm c rs .  e \ t ,•ns iu t t  :tgL'II I S  :1 1 1 d  d L"i ·  

cl opmcn t man a)!CJS sh uu ld i nc l u d e  n o t ,lil ly l cc h n i -:a l  i n f, l tma t i tl l l  h u t  :.�ls l l �nc i l l · 

c u l t u ral n l J i e r i a l  t h J t  will h e l p  t l t e  t r:t ince u n d c: ::. t a n d  t i l e n a t i o t u l  <t l l d  l llcal  va! u ,· 

s';stems :t n d  c u l t u r :d 1 1 1 i l ieu . The ,, ,,· i l l-c l l l t u r : i l t r .it l l i n �  ,l , .  • > u r  fi e ld  l l l c n  : t lw:J \  s i.1� ' 
bcl1in d  r,·,:hnol ogi c a l  ;u;d �c ie n t i fic  t r;t iniJl g.  a n d  y � t  i� t h is �Pci o ..: u l t u ra l  u lllkr

s t ; : n<l in�. t h :1 1 i s  L· r u ,· i :! l  l c :  Sl ll' C L' ,s l u l  i l l l l' k l l ic' l i t : i l iu n  ui  l i l ll t > \':t i JO. l l i S  : r l l ll l i L'\\' p n > · 
g r:Ji i l S .  I t  \l. :tS g ra r i t y i 1 1g i l J  k:t i. l l ,  l o r  � \:im ph:· .  t l � :: : i : t  : 1 11 i r t q::<J I I l • r• p l l l_t-..' c :  hc• i J < :'. 
se t  u p  1 1 1  S r i  L! ! I K:J . an :Hi t l . n o p o l ,l�i:>t  io; p:n t •. o l  :t I L' �t l ll  L'l l i l l l '"'"d c > l  <I l l ,. J 1 FI ' �l't' : . 
an <t!'ricu l t u r is t .  a n  c. :n J J L ll i l i '> t . :1 n c !  t > ! l i l· r  ;co: inl l l: : t l  pc·opk 

Dr.  D:J! i , �J Y  1 1 1 en t i • > t : s  t l i c  I J e,·d i "n t  a 1 1 : 1w:m l s  :me! l l t •:en t i n· r.' l l>i-! J : t i !L p:! r l i ·  
Cl l i < t rf :, r(l J" l l ll l � t :t l l d i : lg l i L· I d  nrg:t l l i l l' I S  : 1 1 1 d  l i J I I < > V  .. I l l ' l ' . j p Jt!d i t i P I1 1 • •  t ! J L'Sc· C: >. k nt ,d 
i 1 l l l 1 ll <t l i l l J J S .  I h ,· l i c·v,· t h .: 1T si J • l l i i J  h •,' d n· ,· l l > p e d  l l •  : i ; c· : • l: l •pk •.' ! l ; ' :t'lc',J i l l  l l l ,: i l l l 

t in 1 1  h u ilc l i n ;c  ; ;n i t J I J C : -d ! rcc:· t L'd  l l l l l· ,· .  ;; 'i' l i �t' i.> l ! l l i S \ I U I : ,  S< l I L l  s p t:J�  0: : ,· \I J I I C t  

:d l !lh l i i L'S  l ll i t c l t  , , ,. t i l < ' St iL·..: l · s_o; tl l l i l c: � i b h l! !.'  i ! l  h u i l d i : 1 g  1 : p  rll i :t : l s r:tl:l t "  t i t ,· d,•, i J · 
C < l l i t l ll  l l i  t i l l' 1 1 1 L' I I  : 1 1 1d  1\"'.J i l i C I �  .I S' i�:t\'J  I t • l l l J I I �JgC t h e  i-; i h iHJ I I  h o i  ( I J ,•sc· l. l l ' l tl;: 
p�opk.  1\' ( > J �  u 1 i  t h L' � thhu u WJs an id eol, lpc : i l  . 1 1 1d  �� J J 1 ! l : :d .  1 1 0 1  J l l .q � : 1 1  ,,,. l l ll : >n ll c' .  

C L I I  lllll i t l l l l' ll I 
O u :· cou t: t J·v l t J' hct' l l  <.· n g:�g,· d  i i i  i mt i ! t J ( i , n  l l r i i l d i ng f, r r : t : . i l  d ,;\· ,•i l l [ ' l t l c' n i  

i ·P r  m a n _v V<i:J r .s fl l l W .  h u t  :1s D1 I)�L! J s:J I p• ' iJ J l '  , • u t .  t l i c: r ,· j ,  :t n J l i :t l kq ; : : J , ·y i n  c· :�c· l :  

L l i " iht• ';IJJ1fl l 1 C l  S ) S t l' i il \ .  \1) Ll l i l'S l i llil i ' .  \•:i J , , < l l W [ > : J l  i_!!"l l U Jl <. ' i . p c' • ' i ·, k  I I  Jl] ( l l l  !l' C l  
t h i s s i t u :t l i • H 1 .  W h o  w i l l  l w  u i ri J J J ;H c l )  :·�spmt :,ih ! ,· J c • J  i l 1c ti 'Ct.!ll .\ /1 7 ! ,  !it > u  u l· < � I l l  

�mt i t u t i l l l t :-. in k •  , t J J  i n t,·g: a kd •.. l l hc� i v,· ·'Y 'i l l' t l l ·.• W ! J c J t  :t i l J ! J <'Sc W• > ri.h w t l l  h :J \ t' ht•,· n 
c \ p res,l'cl in t h i s  r l i : J t nhcJ . w i 1 c rc w i l l t ! tcy i-!ll a n d  whu w i l l  n v \ t  l i s t e n  i.l l l d  u ke  
:t c t i o n .  

I n  a rese:nch w,,rJ,; • n v  c u l l cagucs :�n d i ,·u t J d •. J c l l'u :rm o n i_!  C c ; J t r �l i  l ut.l l t t  r i t- e· 
f:t rmrrs .  o n e  �-�HJ� J c r  sadly b u t  p c r i J : Jjl.'i accu r: J t c l y  n p rcs,cd l l is s i : J i t l s  i 1 1  lltt l �\ l ·  

c' ict y :  The S l ll <.J i i  r i c (· i':i r ll ll' r  is  t h l' flH)!U t kn 1 1 !�1 11 i n  l'l t il i p p i th' l'Cl' l l l.l l l l Y . \ l :l n_\ n l  
t h e  t:m n e rs w e  t : t l kcd t o  in t i l e  fit! ld  lu"kcd l t p l l ll t h e i 1  ' t :t l c  a '  t h a t  L l t " l i l' t l l�  i 1 1  
h , m J ugl' I l l thl'  sniJ 1l1e ir  d ream w : 1 s  l n  n h t :J i n  i 1  e c d , >l l l  fn r t hl' i r  c" l i i l , l rcn . i t . 1 1u t  

fo r themselves,  t'rnm c ap tiv i ty to t he sui! . If t h e  ckvcl opllle nt  nf ru 1 al ! ill' t h rough 
i n s t i t u t i,)n b u il d t!lg is e fkc t ive . t i l e  l·anner an d h is famil y  sh , l u i J  be :t bk l l >  i n c t case 

his  prod uc t iv i t y t ( )  :1 subst: 111 t ia l  d egree h u t  ; t t  t h e  same I il l le,  he a n J  h i s  fa mi ly  
sh ould also he active pa r t lc i pa n t S  i l l  t h e  lllC:Jll l ll i,!: fl l !  l ran sflllll l :.J t inn l l f  his  vi l lage 

in to a strong sodo·pol i t ical -c u l t u r :J..! u n i t  of t h e  n u t i , ln . He should  find h i s  freedul ll 
t h rough the suil a n d  not away fr om i t .  
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Virginia PB. Samonte, Discussant 

The paper  of Academ ician , Dr. Aman do M .  Dal isay , brings t o  sh arp focus 

in st i tu t ions as c ntcial and vi tal forms and forces in the t ransfom1 ation of commu

nity l i fe in ru ral Philippines. I t  has bee n propou n ded that ins t i t u tions se rve as 

ch a nnels for th e a dop tion of innovations and p ro viJe the means t o  su pp o rt devel

op ment in the coun try side. As such.  technol ogy gene ra ting fu n c t ions a s  well as 

tech n ology ex tending and diffu sing fu nc ti ons have become insti tu t iunali ;ed to 3 

la rge e x tent. by the publ ic  sec t o r .  In t h L� connec t i o n .  t h e re l i as also been a n  almost 

con tem po ra n eous eme rge nce of agricul t ure -based o rganizat ions an d  o n  a w i d e r  sc ale 

in tegra ted nt ral dcwlopment -based organiz<:� t ions ,  as  w i tn ess such o t ganiz a t inns on 

t h e  ru ral :;ocial l a nd scape as supply.  c redi t  and m a rk et i n g coopcra! iv<·s. i r riga tors' 

:JSSll c i a t i o n s .  agra ria n re form bE'ndici:Hies assoCia t ions .  S am akmg Nayon . Seed 

C r < ' wc r� Assoc iat io n .  Ph i l ip pi n e C t)r o n u t  Pro d u c e rs Fed e ra tion . Swine :m d fccd

gr� i n  Associ cl t i tln . FcdC!:JlK>n or F rt:e farmers a n d  m y riJd o th e rs .  In fl1(lS( i n s t an ces 

i l i e sc .. ngani; ar i cr:s se rve as the s t ru c t u re k> r �Je t to n  programs bu t in  so111c d a rin gly 

cun .:eiwJ s trat egies . t hese o rg:m i ; at ions se rve 3\ t h e  set t ing fo r t h e  d • nt ble pu rp nsr 

il f a..: l i :>n-t· u m - re scarch p rogram s .  

I n  rcl:i t ion to t b c  c on c c p r t ' f  i ns t itu i i o n  :·, u il ding e�s ! ' rese n te d  i n  t l i l' p a p er. 
: • li\C<: r> tu ,d co n t ribu t i o n s  ma; he d erived frul l l  l'l : i l i rpinc e x perience as e m p i ric :t ll•. 
d •x u m c n t\:J in many s t u dies wh i ,· h a twly;cd the  n ;l tu re .  " ' ' r r t u r•,· . rn u ! ti- fr.l l lc' t i cm. 

:tnd •: 1lt:r t i w ncss nr ru ral h:�S•:d u rgani?.at ion .o; : :; l�" : � > u ,· h i n g  o r 1  t he d; namic· <;  . _, f  r t> r 
·:c' p t: · ·,ns  :lll J r ul e  pc r il l f'o W ! k C  cf t h e  1 1 1C tnhcr,  and k :r dc r 5 .  t l ! l' l' < l i l illl l l l l i,· a t J O il 

i ! o" c; • : .J l i t e  s oriJ.l a n d  <:<:u r:om ic· fo rc es in wh ich t h ey opc·r�l te : :.lJi d L' Vl'l l  fu r t h e r  

P l l  : • l i l •,' qu:J l i t atiw a�pcc f nt '  t h �  l e v e l  o f  s a t i sf:r c t ion u f  t i l e  pcrs lnls  conc e rn e d _  

W]I . i !  t n �:'i r w r  be w ry :q1 parent  and this  n eed s mo re cm pir il·a l  i n vc:; i igati n g  i s  t ha t  
; � !-�n · · l r : m raJ t cc hn Qlogy , l ! l a n y  t i lll cs ll t l l  si ngly b u t  p:K kit gd :lll d e v e n  a t  t i 1 11 c· s  la rge 

sc a l e  i n tcgr:1 te d  ru ral dc·vc l,)p111c n t  pro g rams whic i l l.orm s c rs u r i m � <JV J t i -.·e idL'JS  a nJ 
prac:tk: es by t h e m selves . use these o rganizations that  :uc l ikewise novci  0 1  iml l lv:t
t tVt� soc ial s t r l l c t u rE';,  by thc1 1 1selves, s t ill alien a n d  u n t rie d  i.J1 t he  l i t'e of t h e  fa r111c rs .  
Wli a t  m ay fu rthe1 <: Oir. p o u n d  t he organ iza ti o n al se t-up i s  fo r instance a bu il d ing- up 

si tu a t ion w h e rt: Jn agricu l t u ra l  p roj e c t is  a n  u n d e rtaking nf t l r rec pare n t  t ngal l 

i; a t i om foll owing a sys t e m  uf di vision o f  l:!bor i n  t e rms o f  tech nu .l ogic al  ;� n d  finat� 

cial req u i re m e n t s .  p e r s on nel. legi timat ion , an d fi eld su pp m t . 1 

l n st i tu  t ion builJ ing involves in the u l tim a t e  a nalysis the tak i n g oil , , f  i n s t i t u 

t i o nal ru l e s  :md norms by t h e  ind ivi dua l ac tors concerned s u c h  as f3 rme rs ur change 
age n ts as they in teract in the d�y-t o- day t ra n sac t ion s o f t h cse s u p p o rt o rgan iz a ti u n s .  

Ho we ve r when these inst i t u t io nal roles on ly reach farmers w h o  are i n i t ially a l rc:.1dy 

ad \·ant aged by socio-ec on omic access , t hese suppor t o rganiza tions m ay Jege n era!c 

in to e l i t ist e nc laves a nd fall shor t o f  evo lving into in s t i t u tions that can meet t h e  

1 Cuyno, R . ,  Organizing for c hangt· : th�  l'hilippim' rainfed u p b nd riel· p roJect .  a t em
po r·Jry cooperative systelt t  fur dcvdoping a n d  diffusing a�ricultural kiW\\ kdg c .  l'h. D .  Dt,;c-r

tation, Michigan State u n ive rsity, 1 9 74 . pp. 264· 26 5 ,  



p rcbkms :t n J  l i ceds  o 1' U t e  pe� t ll lJl>.'> ot '  S l l 1a11  i CJ Jn H. r� .  W h :t t i _; p r  • .  p o:-.eJ 1 1 1  t h e  
p J p e r  i s  t h e  m•(·d lur :m in lC nl i C d i a t e  o rga n i n r ion:d > l t uc l u re bL' f ,;,· ,•e n l i t e' i n d i v i · 

d u<t l l 'a r t l l C' r  :l lld t i t ;: ' '' rvicc ' ' r  su p p or t  • • r,·:m i t :t t tu n  \< h i c h  s !w u ! d  he· >c J k c l  : · ·· r h c  
harri t\ level  j u s <  :t s  a:t a lu�ut !S iy t h e t nJ i�Cl l t l l l \  sa r i -><t i'i q ,,,,. i :-.  .o; i r l h.' l ll r :dh a n J  .: t l ' 
l tJ · a ll �' Ct \ ll l f<.lfLi h il' f ( l  t i l l' t!lc' ; l i  I l l  :ISS O f  S m a) ]  i ·a r l1 ll' JS .  

A:; p:1 r t  u( i ns i i t u [ i u t t  l.H t !l d i n �  p:t r l lc u la r lv  i "u r  i 'J fl l l l' t< :.:-.st tl'i�l l i Pi h .  t > J i t' 
study ,: , •nc.:cp l <Llli!.cd l h t' l l  d c v ,� l up m c J t l  : 1;;  cons is \ i t ! <� l l rst l ;  o i  t i l e  • • rg:t f l t/ : ! l i . • l l :t. l 

,, l ,t g,· VJ hcn  ] ' llS i t i( I I J S  We' re· s l ruc t u r t•d : t 1 : J  ! I tt' r u l e �  :1 1 1 d  t'u nd i o n.; , 1 1 · i l ; c·>c i " '';i ; t . l i t '  
\\· .o re· k:r t nc·,; J n d  r c r l • > rn;,· d  hy posi t i Z l l l  ] , , , i J ,· i s .  ·<:c,, n d l )  : , y  < L<: • J ) ' e' !· : t < i • • n �d < :,�,: 
\v l te n  t h e· o r��1 1 1 i1.:: t in n \  �:ng�1�cd 1 1 1  .!L \ l 'd f i  .... ·) : 1 1  pu t :-, l l j :  l ) (  l i l c i :  �,.} \ :_l i..' L l t \ t..�·, _ :: ; I l l t l t �
t! l : a l  S t �l�t �\· h ,;n ! h ,: OJ"�.H� L' J I ! •, ) !l S  � l d •.: �i ; �J b i J t/ t ' �..: � 1 1 ' 1..� ! r <l' � �<i l L· i. j l. : i L ; i" , ; I ' ;..' LI � ; , : . i:, 
w i th ot! , c r  < 1 l ga n l!.a t i , , n s _ i t  \\ � IS t'l'Jl < l ! kd ] , , m n· c :  ; ! ; a :  >; � >!l i e' u i' l l i c' SL' t ':.. I" l l < <' : < 
ao,so·� ia t J n n s  were u sual!y \lrt!:lll i tcd by :n • l l lh' l  :J·�,: n c l c :- :LilLi tl i l t�: t l ; n  h ,; d  l i d  1 t .'. 
b l! C II L:U I I lp l c l c i y  WC<l l l •: d  t'r t • l l l  i i l e l l  l l i LI ] � l' r  . l;! L ll C J \!S � l l h L '! hc'c' :J l"(· t i l L' \' d i d  l t • t \ 
(kW i • ' P  l � t S l  e l l : l L: g h  l u  1-.:: n d  1 , ,.- t l i cm�.: l l·c:s o r  t l : c �; ,v.:J c· t t 1 1 \  ;.:iv .: : ,  t l ; ,· p l • :P• ' l  , · ,� r;: 

:� m! "' s k n a r: <:c ,  t l t t t s  ; w n t in g  t i H : i r  d c \ ,' I Dp l l t L: I I t .  � 
The p ap e r  s,i\ ,·� Jt t c' l'l l i p l tJ, is  t.H t  : h ·-· ,' l'<t i l l a c Ji > ; J  � � :  t h t:  j1 -.::· ! u n , ·: :l 1 Jc , . • :

·�u p � �- � r t n t g�l l l iJ. �l l i o n s  u i  i 1 t s t i t u 1 i o ; 1 .t i  l) ! 1 ·c �..· t i V L" Ih.�.'-�.� i r �  t L· r t n �. � , !  d i r;.� · .. : t  ...: � n ·; : : i h t � � H ) ! h  

to � I l l' LH t l l •.� i �  and �1 :; j t r ; J l �,.· gll�� l { >  l l l �t..' C t  t la' : l l..' t:-- l b  � t : : d  �; ·.r i r:� t l l n� :-. ._) t " ; h e  r:. n · , ; 
rcupk�.  I n  !" ' \<l i � ! J t l l "lg l l lL·..::...:- ! ) J g�tr! L r: a t i t.. \ 1 1 � - l l � J l l Y  p L l b ! t· n ; \  .P l d  C dn s t ;--�l i l : l �  p :! r l ; �._ l : l , ! !  
! 1 >  spc..:i i'ic o rga l l it. : J t io n s  P !  .: n m ; n ·, > JO  I n  s n er:.ll nrg:m il.�t l i t l il>:: i J J \'e' b c·cn d c i<.' : i !' W ; J ' ,' •.! 
On.: ,: i k J  p w b l c : "  �� l h<: n (· c d  1 , ,  ! t a r ll i'>S l ( )c: t l lc: t d l' i ' , tu SU ] 'P 'enw n t  t ! J �  i '''r '>" l i i>L' i  

< l l  S ( )ll l ('  mg:u l ii.J l i < >I I S  i n  I O:: I lJe n n g  SU]'Jfl \ !' 1  SCf \' i l C S ,  r l t i ,; i lC I ! I f.  t i l t' '> i l l l �\ l io;-, , I I  is 
i ! nport a n t  1 1 J a l  t h e  :J.; t u ;t i  :" lll d i n t l u c· n t i al l c a d c· r s  h e  t d <' l t ti f 'i c d  a n d  J l l \ 1  �u ,l l l iy b y  
t !: L• rea d il y  l ' is ib l e  ,_ , r  t 'ur ;na l  k :1 d :: r s .  'v1 ,· 1 l t •.•d t • ' • ;gi , :t !  d n ic·e,  � 1 ! ·, ,! � l < i •. l � t: :-. l ! :i \'t '  t v  � w  
d c ;;ig > <cJ  �m d c " n d : k' t c ti l • • W ! c'tl \ c :  the  : Jc'ltn l :m LI i n l l i ,' IHUI k:t d l'r:, . l t J i l i J c' ' ! l i • t l •_ 

:he : : J <: r t J bc J s  fl('C:d :.' < l l i J.i . t t t c n t i l l ll : t t t d  l r <J i n i n t-:  in t h e \l .t \ S  ' ' '  h,· i ng :t,' LI'L' :1 1 , , :  �· · · J � 
ccrn•· d  t lll' J l l be rs 1·, , 1 ; � :; < � I l l' s1 u d y  rc\ c'ai cd r h ,· m c J J l h c r-p:t r h·ii' : t r i u n  <" P td ' !  1 1 < ; i  
;;hc,· k the  C X C C .:, S C \  cd· t i l t' o tlic..: r� , I I I U  crl l p ] ( l \ 'CCS 1 1 !  :1 l.' t l < >p •-· r ; l t i v ,· 3 h t l' i ! J l' f l l l < l l �· 

w i th rcgJr d  t o  t h e  o:v:J u a 1  iun ut thc�t; s u ppnrt orga rJ i n n ion s .  while th< :: i r  •:ffcdiw 

Jh';,s 1� us1 1 a l l v  li ' I C <t� ' .J I L'd :J g a i t : � t  t h � t r  sp,�t.: i l .ll.' • •b i c' <.: l iv <.' :·; an d g , ,JJ � .  i n  : 1  L! r�cr  '•L" t i ''' 
a sm i c ul appra isai shuuld  shov., h uw the�c org:t n l! � t t i"ns w :l:c l ;;n d  , , , : n r t D I I ! ,: 

w w:u d �  the J t t :Li n nH' t J t  " r  t i l .:  ' • )c ia l  � �t l u ·"'s , , r  .;,· ' " " ) ' J i i ,· >•.·c· u r! J \  : t n . l  �< · c: t : t l  \.h· ! i 

h r i n !!- , on sidt• r ini" · · �>n d ! < inn� l • f j , ,w i n c n n h'' : 1 1hl '. t :t l u .s ] , ,s, J u ..:  t i l  l l > ' il: ! 1 1 j ' ! nl· l l l·: r <  

( I I  diS <: l l t p l ll)' llll' O l .  

l' !osely rc· l a t cd l. < l  t l t i� i o;  t h e  Jcpi pr;.:hly •;i � t l i lle a n !  lc:,.,, : r ,  l> n H l !e.l l l  t < l  ; I t ,: (" c<: 
hy Dr . Dati.i:Jv I ! t a t  0 u r  exis t i ng :tgr ic u l t u r :d r<:sc : J rc h :! l td  c;.; : c n:;i<l l l  > l l J ' IWJ I i n ; t i t u -

� l>ll l lLJ�� ; t i .  1 -" . . Sul ;h' f\' lll"l" l l t 1 1 l �  1.HI I l !l' r�] l- [ O J '  n J  t:l kct iV t' i1 1..' \ '  :l ll d V! : t l ·· il i i  y I ! ! "  r u r.d 
o r�al \ i /. ; l t i{.l li'-. j,)}l ··nc:I t!/ .A�ricultural f:'cnnuHi!C\' !J ild nci 'cluprl l t'll f ,  V�.d. \. I .  \: 1 \ . I . . I . J i l li. l f \ ' 
1 9� 1 .  F l' ·  2 �-4 � .  

3 Dui11 ; t�:l t .  1 .. . . Stu d 1�..· -.,  l� ( ! l l \� l � ! hc r -p �n t J l'q':t t ! � i l l �u t d  bu .. i n l· ...,, ' ' ! .IL'ra! i •. l l \  nf  ! h h·t t � · p • �. 
ClJ<> p e r a t j , , · < • rp n t / a t i<' ll.'. l'<' rnnnal R q,urt . .-\�r ic u l tu r . i l  Cr,· d t l : <nJ l. " "I"'L> t i n:., i n s l i \ U i l ' .  
U I' LB.  Cr. lk:"· ,·. L: 1 c 11 1l.J. S,·p �<·mbu I 'J 7 9 .  1' · 4 1  
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t .ions haw not succeeued in bringing impro ved technology to t he small and u nde r
p riv i legcd t�nme rs to this vety day . For ce r tain there are many facturs invo lved 

ht:: rc  hu t i t  seems that farm t echn ology i n  the fo rm and manne r tha t  it is being 

ge n e rated and extended m ay be now becoming a stratifying c ri te rion among the 
fa r m e rs when before it was m ainly L ind ten ure . Consequ e n t l y .  the social gap or 
dis tJnce be tween t he s mall farmers and the big fa rm e rs may he eve r ' ' w idcr-ing." 

O n  the other hand i n s t i t u t io n s  need t i me to grow and flourish in to a viable 

:md regu l a r  part  of t h e  life in t he ba rrios : they can!l o t  be h u nied or ru shed on a 

c rash basis nor press released into ins tant impac t .  Th is calls for a n  h istorical pe rs
pec tive or a l o ng term view on insti t u t ions as underscored in the pape r .  Fortunately 

t h e re is  now a growing  body of li tera t u re on support o rganizations :md institu lio ns 

since the 1 95 0 ' s  to the present  an d concom i t a n tl y  t here is tllis p ressing need to 

review these studies with t h e  end in view o f  e x t racting th eoretic al or c onceptual 

pa r�dignts  as wcU as deri vi ng pragm a t ic or action -orien ted propt)Si t ious or principles 

fo r bette r  unde rstan ding and implementation o f  deve l opmen t programs_  Recently 

som e s tarting e ffort s h ave been made towa rd this d i rec tio n  on the p a r t o f  PCA R R D  

in the  form o f  sta t e  of t h e  a r t  papers or re views but a more theore tical a n d  pragma

tic syn t h esis of the l i te ra t u re is needed t o  cap tu re bot h the substance a nd soul of 

what Dr . Dal isay call s "insti tut ions in the t ransformation o f  rural l ife ." 
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ABSTRACT 

Some group decision rules that do not autom�tically satisfy Pare to opti

mality can be modified to  do so by rep resenting the altcmativcs in te rms of 
lc:-; ico).!raphkally ordered veL:tors that depend on the fcasibk se t .  Certain L-o n 

dition s t h at have been considered a s  req uirements fo r consi s te n t  !!TOU J' dedsions 

m .i�ht then be violated h owever_ Lc:ss restric tive versions of those ''consistency 

conditions" Jrc proposed. 

Introduction 

A number of  propositions in the literature on social choi..:e --- the Chernoff 
( 1 9 5 4 )-Sen ( 1 977)  Property a and Plott 's  ( 1 97 3) path independence among them -

have been proposed as desid erata for consistent group decisions.  In this pape r we 
propose less restrictive ve rsion s of these "consisten cy conditions'' that con furm 
better  to t i le logic of these requiremen t s .  We will desc ribe an internally consiste n t  
group decisi,m rule which violates the consistency con ditions b u t  satisfies the 

revised w rsion s .  

Preliminaries 

The reasihk :d tc r t t :t t. i \'c� ,;onst itu tc a nonnu U set A in  t lte se t X \l r aU possib le 
: t l!<:rn a t i v c s .  and � �  r u le < ' !  , H JCcd u rc f is  needed t o  d .:: t e r 1 11i.nc a rwnnuU su bset f(A) 
as  the  group-� <kci s t < ' i '  • , .  , o JoJce se t .  Each person k = I . . . . , 11  in thc group is 

:tSSlll l lCd t o  l t : t\'C � �  p t"L' I ·,_. , ,_. I i ·. · ·· system (lk fo r e valuating :J i tc rn a tives X .  l ' ,  . . . in X. 

Fmm a kn owkJ�c u f  t ' 1 · ·ne can i n fer w h e t h e r  or not .xP k_l' lk prc fers x t o _�·) _ 
Pu t ting xRk , . i f  anJ •mly i f  -- rPk x .  where - denotes negat ion , R" is k 's o rde ring 
relation (rd le x ive . cut 1 1 ph tc  an d t ran sitive) on X:RA k is his o rdering on il Wti t ing 
: ck � = (U l . . L'" ) . _ti . l ) s �h o rt fo r j(.·t.: lJk : )  

We will say t h at ;Jil , , rJering relation Q on X i s  nondict a t orial  if there is no k 

suc h  that (!A = R 1 for all .-t 

A nwnpriu11 l .  T l , c re is a nondic ta torial Q \lll X t h a t  is de te rmined by : ck : . 
An cx:unplc i s  p ru vided by what Sen ( 1 9 7 7 )  calls t ill! " m aj or i ty closure 

metho d . "  i .e .  the t ransit ive  c losure of the maj ori ty dccisi\lll re lat ion . which would 
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have xQ1·  if and only i f  thcrL' e xis t  :: 1 . . . ::111 E X  Slldl that x = ::  1 . . ' · = ::111 • and 
fo r i = I .  . . .  1 1 1 - I ,  z1 gets Jt least as m�ul�' vo t�s in  the  grclu p as :1+ 1 does in a 
p:.� irwisc C< l lnparisun . The prublem however  i� that  this  me thod allows a P:.�ret o 
in fer iur al t e rn a t ive to bclung to the choke set (Fercjoh n a n d  G re t h e r  1 9 7 7  ). As 
usu�I I . x i;., Pa rL' t u  i n fni< l r  ( n r .  si i n ply . in kri<H) in . I  i l '  t h L' IT is a 1 in . I  :;uch  that 
rN. ," f, H a ll k ; u i d  . 1 '1'/J _y ! 'o r  S! \ I I IC /1 . in which case r d u l l l i i J ;I tC\  \ '  ( u r  .t ' L l.\ ) .  l 1 1  urdcr 
t u  r u k  c l l l t  d l l i ! I i n :L t L' d  a l t n n a t ih'S i n ./(A ) . we· C�l ll c rnp lo:; ; 1  sin 1 p lc d L' V t C L' .  

:·I HU I I ifl !ll 'l l  2 .  xl' .. t .t ' i l  ; 1 nJ  unlv i f  t i l L' t 1rst  n o n v a n i sl nn g  n'I ll llOilc' n t  u l· 
r 1 (x )  r 1  ( 1 ' ) tS [ l < 'St t i vc• . \\ ht' f L' . r 1 (x )  "' (p_ _1 (X ) (/ ( \' ) ) .  / '.4 ( .\' ) = I i l' \' i> l l n d u ! l l i 

l l ;.t k d  ;, I A .  0 u t h nw isc· : a n d  ct (x ) > rt( l ' \ i i' ;t nJ l l l l l v  i f x (� 1 · . 

Th e: fu r l ,· t i , ,n q i� � i th c r  I'L' ai -valuL' J  clr \'CL' l <H-v: I lucd : in t h e  l ;.t t k r  c a s e . 
I{(.Y ) > tf (_ \ ' )  l l l C' <rll > t h a t  TI I C  l i !·s t  l lU I !\:l ll iSJti ng c c·,n l Jltlll C il l U I < / (X ) !{( ! ' ) is p t >S i t iVL' . 
L L' .  t l 1 c  tf i x h  a rc u r d nc J  lcxic•Jgraphic:�ll v .  P u t t i n g  xN _ 1 _ 1 ·  i i' anJ unl)· i t  - .t l'.� ·' · 

!l s.\' 1 / l l lf'/il l t /  3 . ./I ii l cc ' \' t A j  'fi r  c: :1 xN._. 1 -' · ' .  

\ l l i i l lg t klt  ! 1 t l l  c' \\' 1 ') '  .1· i l l . 1 c: l l l  lit' i l l ! c• r i u r  i l. , I  i '- :1 c l < l�L·d SL' i . \\· h i ·_· ! ; \\'<' 

aSSU i l \ L' .  t i l L� l c >: id>�J ' : I j l i l i ,  < > flk l'l l l !,!  t l f  t h e  al l c' l i l ; l i i W �  hv .'\SSll l l l j l l ic l l l  2 :iS�ltrC� :! 

l l • m n u l l .f (  .·1 ) C t l ll i :l i i l i : ! 0: I l l' d < > i l > i na l t'J Pt> i i l l > .  l n c· !'k,·I t h e l' lt'L' L'ci i J I 'L' i i 1 1  !\.; w m p 

i l cl l \  .i \l't' ! I I ! d  I I :I I c' ! W U q :l[: c' ::.  .1 1 :I i i cl ! �  H 'h <: rdl\ (I i'' I S l 'c' kc i S  U l l li < - P : i l l :l l c'd 

j • <.l i l l b  a l ·t ,• r  11 h i c L  .1 2 i iJ ,·n j > l c h.:; ( ) \ l l  ! l i e· ;; l i < l kc' i i i  :I c c • ·· I'ci :J I \ ( ,· w i l ! t  (_ '. \ f'i.' t' I I i c :l ! h . 

,k l.i n ,: 

. 1 1 /1 ( . t l  = : , , . ·1 ! '1 1  l I •  1 D1 : 

:\ l .c I � (. I I ) -� : X ( • l 1 ! 'fi \ c ,' 1 I y ( )  ( . .  � A ·  ' 

T l i c· n  ./ ( . I ) = /� V1 ( : I ) I =- :1 � .  S t l ppkmcn t l l l �  t h ,• I i l ; IJ lHi l )  ( ! t • S I ! IL' ' ll i L' t h " d  \\ i l h  

t !J L:  (I :, 1 ; \�L' i i i i ! S  ,•i J r l ! i l l ;I I L' �  i l l f;· r ilH a ! t c·rn:r l i VL'' l !0 ! \ 1  i t �  / ( : 1  ) . 1 1 1 t l ! c· I ll' \ !  �L:C i l t > l l  

\\'<.' d L'\c· r i b ,· : t  1 u i . ' ::.:t l " l\  inc. t i t ,• ,\s:O:I l i O ! j ' l i < ' ll S  w i h' l'<' r i l e  < l l' ck r i i lF h :. ·  (! i '  t l Sc i i . k.\ i ·  
c'l l<! l':l p i l i c . b u t  l � rs t  \\ (' il < l f <' S < > I \ I L' l'( l i i�Clj l lc'I\CL'\ t '< l l  Li l t' !  l i Se'. ( l. c' l \ \ l l \ ;1 I iS  l > h v iu i J � : 

\' I� (} f' lc':l l C S I  i l l  J S(' l /? i l  X(i r ·  fl· r :I J l  t · I l l  H_ )  
I , . , i ! I J I!i I I I  . I - /J . 1 ! : -: n  i i ' X  is (J-grca t c· , [  i l l  13. ,. i' CJ ·<! I c :: L' \ 1  I ii  . I . 
I . e ' ' i ! i W  I i i il. t h ,· n  · I ' ll 1 .- .· I 1 

') J l l ,_ ,. t ·· ' /l 1 " , ' c · · 11 , 'V . , c IJ: . t /i'  ' . : t 1 1  d l , t . t ll & 'fi 1 c II : ' • · l lx l - · 

: ,· ,  .· 1 & 'f/ _ 1 , .- 1 .  ·- . 1 / l.1· ) . i 1 . · 1 • · /f . \l •: c·,· t l_ ,· , : � t : L1 2 
1. < ' 1 1 1 1 1111 ·' · I I \' t' il l ,.- ·, 11 l : 1 1 1 d  .· 1 � ·.: 1? 1 . t h,· n .l < .:J > 

S U I' ! '"''(' 1 l 1 c' I I \  pt.l t h c· ., i �  i ;  l r l l c' .  �' ' t l i .l l  .\ L .· 1 1  : 1  ll 1 l bc'L'�I l i C. < '  /? , c: h' , ) .I l l <! 
'V , . c 11 1 •  \'l_l l . S i i 1 ,'C' 11 2 C fJ 1 •  x i <  1.}-� I c' : l lc'st in . 1 , b} L ,' l \ 1 1 1 1 : 1  I .  ! 1 ,· , , � ,, _,. " . ·1 , 

� ivc 1 1 1 I I :1 1  .I c -'I 1 .  
I . < ' I INI!a 4 .  ! 2  ( .- 1 _, U H2 1 ,-:: / ]_ U 1  U fi 1 ) .  

A\�1\ 1 1 \ c' x c / ,  ( il _, U (] � ) . T h e n  r c: .. 1 _,  U 15 2 ant !  V 1 c . 1 , \) /], xQ 1 .  S i t l c'l' 
A ,  U R_, � : . 1 · <' , 1 1 1  V :  c A 1 : · (J: : U ; v  c JJ 1 i V ::  c fl 1 · _ 1 ·(}� i !  ! ', 1 l l u\\'� l i l a !  
.\' f ..- J  I U 8 1  � : n d  V ::  c : I  I U IJ I : . 1'(}:. 

f . c 'I I I I J!tJ S .  ] I .I' C: /1 1 U /J 1 :l n d x is t} -g:t c:l l c > t i n .- l l U JJ , . t h e n \ E .·l , U il l . 
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If the hypo th esis is t r u e .  then xQv for all .'' E A 2 U B 2  = : . : ·  E A 1 1V z E A 1 : vQz :  
u : l'  e B 1 1 '1 z E B 1 :yQz : . So if x c A 1 U B 1 , we have x E A 2 U B 2 

A Group Decision Rule 

Consitlcr  a L:O l l l l l l i t tee wh ose members eva l ua t e t he a l t e rnat ives in t erms o f  
t h e  same s d  o f  cri ter ia ran k ed i n  t h e  same orde r of im p o rtance o r  p rior i t y .  T o  each 
x c n rresponds a vec t o r  ll (x ) = (11 1 (x ) .  u� (x ) . . . . ) where 11;  is a n u merical funct ion 

Slll: h t h a t 11; (x) > u; (t• ) i f  x is bet t er than y in terms of t he ith c r i t e r i o n .  W hil e  u(x ) 

is t h e  s:Jme for al l ,  d iffe 1 ent members  may have J i ffe r ent stanJards of  accept abil i ty 

wi t h  respect to any p:Jrticular  cr i te 1  ion : person k consi d e rs x accept a b l e  a s  rega rds 

t h e· i t h  crite rion if  and only if  r 1;(x )  ;;;:. u k  * Wr i t ing 1l(x ) = m in � fl; (.\'), u7* : and I 
qk lx ) = (11k (x ) . qk (x ) . . . .  ) ,  we assume t h a t  xPk \' mea ns qk (x ) > qk (F ). Person 
k · , <lfl l e r ing

1 
is t hu s

2
d e t c r m i nrd bv uk *  = ( Ilk *. uk < . . .  ) .  SLJ t lwt  J i !Te rel l t  members 

w u u JJ have
. 
Jifl'cre n t  o r Jer i ngs i n

.
g<;!nera l . 

1 2 

To obta i n a Jecision rule u nJ e r the Assu mpt io n s .  we need only d e fi n e  q(x ) = 
( £( 1 (x ). lf , (X )  . . . . ). w h e r e  qj(.:\ ) :o. m i n ; 11; (x ) .  u * :  anJ u *  is l h e  median uk * .  
a�su m inl! �l l \  odd ll ll l libl'J' o r  mcmbcrs .  The ra t ional/ tor de ll il i lll! I I *  3S l i l r  m c Ji<J ll - -· I 
is t h J I  hy Blac k ' s  ( 1 94� ) t h core1 1 1  o n  single-pe<Jked prrfe i c nces . it is t h e  o n l �· elwin� 
(or u *  t h a i  c;t n win by s imple  m<qori ty r u l e  over a n y  ll t her  "candid a t e ' '  fm u,* 

( l ·, nd l iJa.:iLi ll J %9 ). W r i r i ng ; r ,k * :  = ( 1 1 1 * ,  . . . . un * ) :md u* � ( r / '� . 11 �  . . . . ) , ; uP ' ; 
t l t : I S  d e• !  e r m i n e s  u * .  giving t i l e  u rJ P r ing r c l a t i u n  Q on X in adnmr·c ol mr.1 · (easib!c 
�cl A. C ivcn A .  : u k * :  alsu U l' tcrm i nes � R�: . w h i c h  is neetlcd o n l y  r o  e l im in a t e  
i n i c'riP t a l r cm a r iv<:'s to t!C'I  .·1 1 "' .(1 (A ) .  aml QA t hen a u t o m a t ic <l l l y  y i e l ll s h (.4 1 )  
=o I (.-1 ) .  S d l e Jm t i L'<.�1 1 � . 

: H.k : Q 

\1 ! t e ll' : H A : ;u i d  1,] ! t h ro u�l !  (_) _1 ) d c t c : Jni nc· /\ .. 1 .  T h o: ; L 'k : in Sc-: 1  ion 2 is pH:n b 1  

: u '  ;. � i n  ;k,· Lk c is i • > l l  n:k desL r i be d .  w h i ..: h  11 e will  Li t' l l l J I C h 1· /' . T n  b e  ;; ur c .  (* . . 
i nvn lvn s p e L'l:J l  <t�\U ll l p t iu l ls .  ll ll l we l lt't:d o n l v  J l:Ll l l ll lc i · L' X <l t l lpk to t h e  <.:O i l ·  

, 1 �.\ t: lk) '  c < > ! i d i t i u l h .  \\ l· ,l n l y  L la i 1 1 1  t h<J t /* i ., il l i C' Il l J I I y  l l lns i� I L'll t ; I J l U  ! HI !  pat c' i l l iy 

: t ! l t l' . l ' l)il<J h l c .  w h i c h  w i l l  Sl'J' \ c' f, , r  f i l L' p 1 1 rpo,e .  

I t  m i g h t  hl· llLl l c d  t h a t  .f"' dDes n o t  req u i r e  a n  o rd.:r i l iE  J e ! :t l i o l l  R 1 J l 1  X 
t l t a t  su fflt.:Cs t u  y ic·l d  RA g i v e n  A . ..:ont r;uy to ,\no w's cn lh.>ct !VL' r :l l ion:t l it y  ron-
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d it io n  which wou l d  have such a n  H. in place of RA in Assump t ion 3 .  A rrow's 

a rgument is that such a t rJ nsit ive R would make t he gwu p's de cision i n dependent 

o r  the pa r t ic u lar sequeucc in wh ich t he fe:ls ih le  a l t e r n a t ives a re p resen t ed fo r c l w icc : 

" t h e  basic p roblem is . . t he independence o f  t h e  fi na l  chu icc from t h e  p at h tn i t .  

Trami t ivit y wi l l  insu re t h is indepen dence : !"m m any l fea sib l e  set J thne wil l  be 
a c l wsen a l t cmal iw" ( A r rt l w  l l}63 . p .  1 20) .  But  c l e e� r l y . t ra n s i t i v i t y  Ll ll A a ! J d  rw l 

necc·ssa r il y  on X \Vould  do fur t h e  pu rpuse. as in Assu m p t it> l l  3 .  Co l led ivc 

rat iu nal i t y .  w h ich d e m a n d s  more t h a n  is re:1 1 l y  needed . is an u n nect·ss�r ry rcq u ire
J ! Ic n t .  

Rel a t e d  t o  t h is poim . AH<l\l· ' s  ( 1 9h 3 .  p .  26) <Hgu m c n t  fo r his  in dcpc n J c n cc� 

( l r  i r rcll:va n t  �i l t c' ll\ a t tws ( I i i\ )  c n n d i t itlll i s  t h a t  t h e  grou p c h oice i r r  A slw u l d  be 
Inva rian t w i t h  r t' ., JlCc· t  h1 chaiH.'l''> i n : N k ' . w h e r e  Y-.4 i s  t h e  .:e t < l l  x's 1 1 <1 t  i n  • l '  A .  O n �  c u u l d  ;Jccc· p t  t h is r e q u i re m e n t  �i� r� : t�on;rb k .  b t l !  A r r < l W \  ft , rnul rz :t t ! t l ! l  u l  
i t  l ll:lkes {�A u n i q !I C I V  d L't e rm in e d  b�· ; /? "1 : . w i J i c h  lk r l l a! l d S l l ! tHC t h a n  w h a t  W et� 
I l l t C IHkd bl'l.: : t l l sl' < 1 1 '  t h e ;\ r m w  fo r 111 : 1 1 w l t c r"L' i ll H i s  ll t r iqm' i v  determ ined by ;Rk  i 
\Vc ! l bSL 'IVl' th a t  /''( . 1 )  dc p,:nds  o n l y  tl l l  /\ 't. :l!l d  (/ _ 1 a n d  in J l l l  \vay v arit:s w i t h  

k : 1\ x  . . l : . f' he ./* r; r l e  is t h u s  in con ! "o r m i t y  w i th  t h e  n t n t iv .I I i o n  b,· l i i n d  I J..\ h u t  

t' lh viuusly l a i.J �  i t  hc.- a t ! SC .1'* ( - I 1 depends also t. H J  (! 1 .  I n  <.l lH v i c'w I I .·\ . in r:: , J U i r inc: 

r r wr� tku: w h a t  i�  �.- a J i cd  l o r .  1�; td l l l t: c c ss�J ril y r e s t r ic t i ve' . 

C onsistency Cond i t ions 

LL' I  .� t w  �i � l l l i ' i '  d c· l' t :, i<l l l  ru le .  rc'><: n i n ,: t ! ic u •,( , ·, ! '/ !'• , !  '" � '· t ! : : l l  , , r t i � 1-i c �  1 !1 ,· 

;\ssl l l l l ! l l it' l l i S .  PI( ) J t ( 1 < 1 7 3 ) h: 1 -;  P" i l l l l' ci u l t l t l t a t  i f  p ; : l l !  i n dc p L' I H k n c c' ( ' ' 1 1 1 l' I l ' lk ·  
! ' l' r i d c·ncc 1 1 r  L i t <' l ·i n : r l  rl l P ic:l' l'r< > i l l  t l t c  pa 1 h  l • !  i t "  1 11 l i t e  ! i t c r : r l  se rtSc l i:,  l i l t.' u h : c· , · �  

t i v,' : 1 i  t r :l l t s i t i v i t l .  < 1 ! 1 L' r i l ;r y  c' I C il d r sp, nsv l'. i l h t h e  l : r t l c' r  : !  p:t l h  i n d c· p ,.' i l l k i l c· ,· , ·;u : 

be l i ; rd  1\ i ! l r d l l l i t .  l ·k h :h p r ( l po:;,, d  .1 l .t > r t : J : t l i : : t l l •. l l l  e l l. t h i s pt < l Jh' r· t� . 
l 'a !ll iudqJcll:it'ncc ( I' I ) .  I t' -1 � li l ' C.  t l l  .. ·n gC t )  � gt£: ( Il l l_• g ( (  ·) J .  

( i ,' :! ! h  j(. l )  ; ,  p. t ! i l i :Hk p t.' i l tkn t i r t  t i lL ·  l i k r : I i  s• ' ll '.c' s i n e,· 1\ 1 i s  t u : ! :i l l ivc . , ,. , i t  
._ ; I ll v i l l l : r t L· /'/. S I I I CL' /'/ i m p h c <. P r< > Jl c' rl :  (\ . . r , - ,ul d t i < J r :  1 > f  c• 1•. i l l  ; r ] , , ,  , 1; , .\, :·. t i l w,· 
u l  !'/. 

l'r• JJ)('rt l ·  o· i l . l C: /l . t h c : J /1 r-< gl !l ) C g (A I. 
T \i i ,  c l l ll d i t J O I \  ] J ; r,; hc't' ll  C l l midcrc·d ;JS a " l l! I I d :l l l l c n t a l  l' t l l l S i� l c' l l C \  l l' t J I I i r;.' l l l l' l l l  

· · I  t. i l CJ i c c "  b \  il l ; l l l \  l> r i : c r <  ,,,.-c t i l t' r c l .nl' il (L' \  l l l c' d  b y  Sen  ( 1 '!7 7  r' - 1> 7 )  .J l ld 

K t.· l l y  ( i '! 7 "- .  I ' ·  2 11 .  11 . 2 ) . l >u l su p p i iSl' r a p pl ic�  ;! I ! U  ( t i : r sick r J - ig .  i 1\ i l c rc t h r  v:d i i C  

, , : · ut * i s  t r l d i c ;: l ,' d l l l l  t l t c- 1 /i :r x 1s b� 1 l i L' i r U I I lc r;t i k .  l 'e r \l.> l l  I l r ;J s  ' 1
1 

* = tt l t .: ) . 
o' ' itt ' ! 'rd .: r s : I <• _y I t �  , ._ l '•c ;·sun 2 c' tHhidc· rs a ! l  t h re e  ;I I ! c n u t :V.'> , , c cc p t :l b k  ;h 
l t'!,!:Irds  1 1 1 .  8 r r d  l i t' p rc· t'cr,; _ J ·  lo :: l t > .\' t l l l  a c <.: l l l l ll l  " f u 2 . 1\: r s< < li 3 .  w h t >  d isc· ri r r l l ll .t l c''> 

.r r t ! < 1 1 1 !:! r i t e  al t c rn :� t iw s  in rega r d  1 1 1  u 3 .  prL' k l s :: lo  _ r · ' "  x .  T'h v � r O U J > ' s  11 * i s  su,· h  

t l t ;.l l If (.\' ) > q(r  1 >· 1/ ( :: ) bcL·ausc o l  114 . L e i  / 1  "' ; x .  _ r · ·, and 13 = x .  , . _ :: T l r c n  l '' 
( 1 1 = :  x ;  b u t  F"' (B) "' ; ; · : because ::Dx , su t ha i  0' is vi ,da t l· d  hy g = j'* . 

The i d e:: bL' h in J  t h L' /'1 con d i t ion is' I h :I t  t l ;c  c l t u it.:c in ,·I = 13 U C s l t tndd  L: t > l l i L' 

1 ; ( 1 1 1 1 t he t.: h 1 1 i ces i 1 r  B an d C and s h o u l d  n u t  depen d 1 1 11 how /I is d iSagg l qc:Hc d  i r l t u  
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B �1 1 1 d  C B 1 1 t  t h is 1 W a ! h  t ! 1 , , ,  i t' t h e  ._·nnd i t ion  is t u be rc.Jsc>mhk.  t : tv � l ; ; l i L-..� :, I ' •  L-J 
a 1 1 d  C sl : t J l l ld (j l l ;l l . l 'y ; 1'  pt"> ibk clH> JCCS i l l  t i l e  ! : t rgn se t . 1 .  \\· h i ,- / ,  req uires U ! : ck r  
· :- , ,. :\.�\ l l ! I I J > ! i l_., l l ,  t l u t  t h ey h'' u n d < � : l l i l lJted in A . .-\ rcv i-.,: d ;·c> r5 i < > l l  . , j  PI f, ,! J , m·� 
'�'� · I"  t h e· ;\,;-; u m pt i n n s .  

J/w(Jrcm n '  I f  1 l  "' /3 � C &. ! (B ) )  C A 1 & /(C) C ,-1 1 .  th t>ll /(A 1 = ](! (!] 1 
._, ! ( C) ) .  

/'rr:• : .f. S< IPI' ' ' ''-' t h e  h y o• l t l t t� s i ,;  i;; t ru e  F i 1 s1 w e  show t h : 1 t  f(. l )  C f (J i /3 )  
•._! l i C ) ) .  C L.· a : l y  11 1 C t-; 1 ,..J C 1  l k n' '' i t' x 1; . / (A ) .  � : lc 1 1  . \  E il 1 .  x i s U g 1 cttcs :  i l l  
-l ! d lhi  X c Jj l  u c , . :\Is , , _  82 u ( .2 c A J - S l l  l h  .. i l  .\' i : .  ( ' ·t: r ..: a l c' S I  I i i  B 2  u c2 
: ) \' L c' J I I I I I :I i .  ! h is  w i t h  r f.' JJ , '�J C 1 J n d  L.: l l l m :t 5 :::! 1 '·- L' >  .\ f H2 1 _, c2 . :. 1 1 \ l  t l l•:'l.:: · 
! . , r c  x c l(IJ2 u c2 I l "  -;l� < •w _t( i '{B i u _( (Ci l C ((.! ;_ s u p p<�<: · : X c l (r t /J )  u l i ( ' l  \ 
T i d� ! l l l';l l \s  .\' t' 8-_._ u c� J.ild  .\' i� (!--g;·c a t c·s t  i l l  /J2 \..) c2 S i i l c c' H2 u ('2 c "' 1 .  W( 
1; 1 Vc .\ c . 1 1  " '  t h a t  .1' c .-1 2 i i  .i  is  (J-�;;-cJtest in .-1 i .  Thb i·; s'-' · by L<?tmn a  1 .  , l ! ; e  

A 1 C:: /J ; U C1 ;� n d  . \  is  L} ·)! i·ca t< : ; t  1 1 1 H 1  U C 1 . !;y ! ;,: ; � : : I E J  -:-. i ' r ; ,IOJ t he �-�ll'l t i l ;! !  
.\ < /12 U C2 J l l d  i s  (}-grc:lll' S l  i n  l/ 2 l J  ('2 

Tile J : t li < H I ;Jl c- :·<., r  o is 1 ! 1 ; 1 1  :1 1 1  J l h_' i l l Jt i vc c lwsc n i n  B. i l . :;t i l l  :.tv;t t i J b i .' when 
; h ,_- k :t s i b k  st:' i  l l :1 s  bt:l' l l  '"� ' l u cc•d tu . ·1 . s l i <>Li l d  be . l l� l • ' l lg • i lnsc c h ose n i n  A b c' L ;! I ! Sc' 
1 1  i >  ' 'best" 1 1 1  ! l i e' L ll g_l' l  se t a : 1 d  s i J , \ I dd  t il <: : ;.· i nrc bl' b c s r  :dsn ; n  t h e  s m a l l c J  \ l ll c' .  
T ! t 1 s  W\!U i d  :;c: c n 1  r,·asl l n a b k  ni o <.Jgl i .  b u t  H un p l 1 c i t ! y  iiSSli l l l l' '>  t h a i  t i l l' c h u k l'S i t : 
- �  q u :Li tl }  JS J l • l S� i b k  Jwiccs  i i i  n .  \I l l ic i t  ITl<IY n o t  be t i lt' c a se .  M:ll.;, i n�: t i : i �: ;J SS cl l l l �� 
t i •. ' l l l' '\ jll k i l ,  

Tll.:orcllz o ' .  1 1 .4 C l3 & t r/1 ) C  8 1 _ then A i: / (/3 ) C J(4 ) 
/'roof Le t the ln pothcsis b e  t ru e .  Th •_: ..:,Hlclusion is fals i fied if :: n d  only 1 i  

t h e r e  i., J n  x such r h at ,. E .'l n B2 & " .\· e A 2 .  Suppose su ch  :w x . S i n c e  A C H. 
L .emma 2 give s .4 r'l 8 1  C A 1 sn t h a t x c A 1 :I B 2 srncc x t /I II JJ2 a :1 d B 1  :i 8 2  

= B2 _ 13u t A 2 C B 1 fro 1 1 1  t h e  hy pothesis, a n d  therefore x E /1 2 by Leru m  a 3 .  conlla
dicting �- x E A 2 .  
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Fou1 rela ted conditions may be d iscussed t oge ther .  Condition {3 + was in t ro

duced by cor des ( 1 9 76 ) , {3 by SL'n ( 1 969 ) , E by Blair (as repn rtcd by Sen ( 1 9 7 7 ,  
p .  69) ) and f> b y  Sen ( 1 9 7 1 ) . Since {3 +  im plies {3 ,  {3 implies E ,  an d c in1 pl ies f> ,  we 
need consider only {3+ and o. 

Proecrty {3+. I t A  c B & A n g (8 ) i= ¢ , then g(A ) c A n gW). 
Condition o . l f x  e g(A ) & _l '  e g(A ) & A  C B. then ( ; x : i= g(B ) & ; _1· : * g  

(B ) )  
Su prose x i s  i n fe r io r in H an d y  is no ! .  T l t e n  ; x : cf' j*(H )  h u t ; .1< = f*(B ) is possib l r ,  
show ing fJilure o f  o and the o t he r condit i ,ms .  These con dit io ns pu t r eq u irements 

o n  al tern� t ives chosen in A w h e n  t h e  fe�sib lc se t is enl arged t o IJ. As with PI 
and u:, t hey f;�il to hold because o f  the possib il i ty t h a t  an al te • m t ive chosen in a sd 

may be d om ina t e d in a l arge r se t .  Rest ric ting t h is possib ili t y ,  t h e  revised cond i t iom 

hewme t h eo rems as shown in the case ,If {3+. 
Theorem /3+' . I f  A C B & j(A ) C 81 & A n j{li) * �·. th t: n j(A ) c A ry(B ).  

Proof Su ppos� there e x i st s  y c A r1j(B ). and suppose x E /1 C B a n d  x f 

j(A ). Then x is Q-great est  in A a nd t h e re: fore xQv since v E A ,  sn t h a t  x c j(// ) 
since y £ j(B ) �nd x is un dum ina tc d in B given the p roviso t h a t  j(A ) C H 1 .  !-knee 
x e A n ;w).  

Se n \  ( 1 97 1 ) Condi t ion -y ,  wh ich i s  equival e n t  t o  t h e  fullowing s t ;� t cmen t . is 

q u ite diffe r e n t  from the rl thi.'rs as i t  fol J , l \'iS from the  Assu1 1 1pt ions .  

171l:orcm 'f .  I I x t f(A ) & x E /(B ),  then x t j(A u B). 
U n d e r  t h e  h y p o thesis.  x is Ill A 1 a n d in fJ 1 am.! (!-greatest  i n  A 1 a mi in H 1 •  t h ere

fo re x c A 1 U B1 a n d x is (!-greates t  i n  A 1 U B 1 , giv ing the  condusio n .  The reaso n  
for  t h e  d iffe rence is the fact t ha t t h e  ! typo tht:sis o f  'f does uot  a l l o w  x t o i lc  in fe r ior 
in any of the se t s  co nsidc reJ .  Plo t t 's ( I  'J 73 ) Axiom I .  also cal led ihc Ccnera l izcd 
Con d o rcet  pro pe r ty by Blair ct a!. ( I  ' l76 ) .  is 3 weak er version o f  'I and t l le r c fo t L' 
also true.  

TIH· rc arc other  con sis t e ncy cond i t io ns Ax ioms I anJ 2 o l  Plo t t  ( l 'J 7 3 ) 

which arc varia t ions  of t he PI cond i t ion . a · of Sen ( 1 9 7 7 )  : 1 1 1d H3 of Ba t ra a n d  

Pa l t<I naik ( i 9 7 2 )  wh ich arc wc;�ker  v c rsinm. <l f a .  a n d  ,) * u f  Rich elsnn ( 1 9 7� ) 
wh ic h is a wea k e r  v�rsion uf f> t h a t  a re fa iled hy I* , bu t su i t abk r c funnui::J t ions 
are  .: ,>nsequcn.:es , >f  t h e  Assu mp tio n s .  I n  each case , the n:: cdell a m e ndment  is  
'> im pl y  t < >  make the al t e rnat ives  c h osen in sm;� l ! c r  se ts  qu;�l ify a s  possible o.: h o ic•:' 
in s• >me approp riJ tc l a tger set . 

Concluding Remarks 

N u ting t h a t  P rope r t i es u and {3+ toge t h e r  arc equ ivalen t  to A rr o w 's ( I  'J 5 9 ) 
De fi n i t ion C4 uf a ratio nal choice fu nc t io n , the comist cncy cond i t ions arc coll l 

p l e t c l y  st ra igh t forward req uirements  on Jn in dividual ' s  decision making :  t h ey an· 
i m p  I ied by the existence of a p re fe renee o rdering ( A rrow 1 95 9 ,  Tileurt'lll 2 ) . They 
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:ne huwcver l ess compel l ing for group ch oices becJ u se of feat ures in the l a t t e r  
wh i L h  :�rc a bsen t fo r a n  individ ual , i n  p a r t icu lar .  Pa re t o  p roper ties of a h c r na t iv e s  

drpcnJ < J ll the fe�!s iblc se t .  Wh ile i t  is q ' lite c o r rect  w s a y  tha t on� can i n fe r  a n  

i n d  iv i  J ual  's clluil'cs 1Jvcr l: ngcr s c  t s lr 0111 h i s  clw iccs ov�  r t wo-clernt:n t s c  t s .  t h is 

; nay lhlt  h o ld fo r the  gruup. fo r i i" the Pare t o  prope r t y  of an :J tcm a t ive is coJl 

sidcrcd i rn p o rtan • .  �roup evaluation o f  an a l te r n a t ive may vary w ith the feasible 
'.c t . l 1 s ing t h e /* rule d d "i n c d  in Sec t ion J we ! r ave shown possib l e  L'O!ltl icts  b e t w e e n  
l 'a rC I ' '  o p t im ali ty a ; id m o s t  ot  th e t: cli J s i s r ency co n d i t in n s  ( t h e  a :m d 13+ classes 
in c un l rd ' i  t 1 1  t h e y dJ ·;;s ) .  acco rdtn[!ly wc Wl' • t i J  pcpl)sc r n i :;cd condi t ions  which 

l l t f l ' n·-; t i n � l y  enoJ u gh ,, ,-,� l·,> n scqucn.:e·; , ,(  the /\ ss u m p r iuns i n  S c c t i•J i l  -� - C rnu p  

,],•,_: i s i • H I  ru l c·s tha t  s;l t i s l ·y· t l t c  ctl n s i s t e ncy C<Jn d i t ions ohvillll;;ly sa t isfy t i ll'  p rl ·• l10Sc'd 
: •:'-' ! '· iu n s .  sn l .hc ! a l t er :1 re 1�-;s  res l r" ict r v c: .  

! 1.  il l rgh t h e  a rg u c J  l l i : Jt  ins t e a d  o r  ab:.urdon ing Property (( , w l t rc!l  Sl'<.:nt !) 
:-:'-' !l e r ;t l l y  cunsidcred t · .J h� i'u n J:, ; J r en t al . and 1 .:placing i t  v.· i l  h a' n n e  C l n i l .J  c q u :d l:. 
·,;'L\ ! !  : t..· t �l i l l  o :nHJ r'.Jl' C l  ,ro�:; :. J :.; · '" u n re:tso n u.h l � . · · ( ! J !dccd t h �1 t \V : t S  the  rcaL· t i\ 1 ! 1  l> !. � 

:_•:u.k r , , ; a ll  ear l ie r  d : :i ! t  o l  i h .is  p a p e r ) Bu t ./"' is i n l r.: r n :d l y  c' • l l l Si S t l.' n t  w h i i c  o. is 
·;u !'pus�d l o  be a ncn:ss� ! ry  cundi t iun t"ur consistency . C i w n  :1 ny  feasible set A .  
!"' ( .· : ) I S  derived ft l l l ll a : c ht i Oil wh ic h i s  rl(J i ldict:J to r ia J  ;.� n J  t ran� i t ive c \ i l . - 1 , i t c l l V  

:1 :.t t i 1  i l � ti c p c tl dcn t :  r l l t HCt lVc r . .f"' (/1 ) ; _, l':1 n' l u  U [J ! irn a l  a J , J  i n d l'pen . Jeqt  " " . t i l e' ! · 
· ·• :� l i v e '  l l t l t s i d c  il ':-; i t l· l i  pr( )pCI ' I I l'S w o u l d  seem t u b e  b u t l l  nc·cessa 1 y  and s t rft i c ie r; t  
. : 1 1  ;r \ �d i d  C • .ll lil t e r - c >. <tt < l p k  l r J  o: . :\hu.  t h e  u n l v  d iffe r \.' i l c· ;: h.: twccn c. a n J  n '  i s  i La :  
; I -,,. ! : ! l i e ; rl l : J � cs c .x p l i c· i t  w l t a t m u sr  he' im p l K i tly assumed h y  0' i t .  Pare t o  < l p t i : l t a ! i t y  

1 ;  r tcc· ,:ss�l ry . v i z .  t l i a r  l i t e  c h uiccs i n  t h e  smaller se t q u ;.� l i i"y a s  possib le  chu icc:s i n  
: h e Li ! :;e r  se t  C l ea r l y "' '-' h e�vc a Ci > ll i l l L' l  h c·re  between l '; l lc lcl llp r i m <t ! i t y  :� n d  n 

\1 l 1 id r  i� r csulvcd h \  o:'- a 1 1 d  we wu u ! J  \'< > T i c'ht d c' i lu l o.' i·; t i r L' f'.l \ H (' ; ·c:rscJ IUld c• 
: - ;·q 11 i r c' l i l \' i l l. 
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1 9 1  

Fr. Bienvenido F .  Nebres, S.J . . Discussan t  

I I ! Sl'd t u  be h esitan t �t bu u t  disnJssing :lpp l ica t io n s  o r  m a the m a t iL'�tl ln[! i l· to 
v�l ri• > u s  scie nces . The r,�a�un is t h a t  these a p p li\:a tiuns �:L' l' l l l  so cso t c t  i c .  I hlwcv,: r .  
in  rec e n t  y ea rs w e  l t a vc  seen t h e  l: i nguagcs J c vel opcd in  m�ti hematical lu�ic having 
l l l < ' tc �1 1 1 d  l lH >re in1 p o rt �! tkL� in vario u �  aspeds of compt l t e r  sc i(• n c c .  I t  �ccm� l u  1 1 1 r  

t ha t  prc�C I I i  e ffo rt S  a t  fl J i nLt i iz J t ion  n l· dSpC C t S  O J "  r. h c  Sc h.: ia )  Sciences  c: 1 11 h e l p  i l l  
L" ll l ! t p i i ! C i  1 1HHkJ i r 1�  < J )  �< lL' i a J  SL· ieTIL\!·typc si l t t a l i t .• l l S .  

I II <J t l ! d  l i k e  t u  t h :H t l-;  D r .  1-:! J ,:a rn: : .: i , i n  fo t : t  ve r� l i t t e rL· st i t l g  :mJ wel l -w r i t ten  
p: i J il' t .  My < l l l iy :cgr,· t is l l l l t  h a vin�  Lun il i:: r i ty  w i t h  t h e <-:tr lic· r  l i tc r a t l l rc: t l t t  L i t e  

su h , ,· c t . T l w s  I C:l l l lll.ll p rope rl y  we igh I h e• :trl!tr ll H.'nl;;  i n  l":tvm o r  t h C'  rn!Jdi i"tc:r t ! 0 11 
c/ u l ·  p t < lp c tt y  n .  H m1 cw r .  I fin d  the p r c·,c n t at iun c k . r r  - i l l  p:1 r t i�· u L< r .  b t c : tk i n !_� 

t t p  r i l e  � l L'ps  in t h e  cpnstn t c tion u l· t h e  c h u te:<: lil il d J < l l l  S < l  J� l u  c x p l ic i Lt l c  1 1 ! ,; 
c l i m it l �l t iu n  uf dumin �tkc.l p . , iu t;,  fi r•; t  Tl 1 is t l tc n  c l a : i i"ic:s l l t L' i 1 1 \ r < > d u ,· t i o r l • : i · t he  
� �  J d  i r inwi l  w n  J i t  io1 1 

I (if) C - 1 1 . l( ( . -� )  C 11 1 ) in Thc.Hcrn Pi ' ( Th col t: l ll n ' ) .  

Wli :t t  (,_l � I J } ( [  l l l<HC imri�t l i l lg from :1 p·l : l t h L' I i l:t t !Gd ! J l l l l l l  u r  \ icw 
W :l :> t h e· " " U i l rl':t'o\ J i l .t i l l c ' "  ! u n c t i o n  r. According l l .> Dl l n c�! lll :l C i <i : r .  : l l :  car lwr 

r.�:i Jcr S ! l <!.�c�rcd ):!C i t l l l�  r id of  t u n ..:t i • > n s  such as _(* . M a t l t � m a r ical  L� \ JWr ie n ,:e. 
howcvn.  sh ows t!tat such u nreaso n a ble Ju n c t ions o t"t t: t J  l i o i J  t itc 1-;cy to �� u c cpc J  
u n dcrsL1 n J in�; <lf : 1  thcn 1 y .  F o r  e x a m p l e .  t h a t  t l l o 't un rea so n :; b ! ,: i"u l l c t io n .  t h e  
Di r:tc  0 fu ndi o n . : t t isi n g  f1 om p h y s ics o p e n e d  t he w : t y  t o  t lh· t l i ( ory o f  

gc n c r:t l i;-cd fu nctions ( d is tr ib u t ions) an d " new era in  an:J i y �i s  :1 n d  p :l t l i a l J i l"k r c n 
ti:il Clpt : t t icl llS  I \\ ould  j u s t l i k e  t o  ind iutc  one qucst i <W which (* b r i n s� 1 1 p :  

Pc rSLl l l  k 's •Hdc· r i n g  is  gi ven b y  !/ k =co (c� . qi , ct �- ) a n d  o n  c:.Jku la ti lln : 

A · · l laive " look J t  t he LJrder ings of c h oices would indicate  that  z should be i"i rsL l ' .  
secu n d .  x third _ T h a t  i c. .  the q fu nction should  give : q(? ) > q( t • ) > qtx  1 

r\s � n:a t ter  of fac t .  the q -orde ring i s  t h e  rever�e ct(x 1 > q (l' ) > q ( ::  J What 

happe n <' The de fi n i t i o n  n l· q is dependent on the !f,· an d on the med i�ms u *  ,1 1 u -'  * .  1 I 
ul * · u ; ·  _ the cri ter ia fnr acce p t a b il i ty . I n  th� case nf the:  c h o i ce ful l ct iun _( * . t h e  

m e dia ns It,* dampen t h e  C O O t  ribu l i o n  0 f t i l l' q i 's. 
Of cou rse . the qt tc�t ion rai sed by t his J iscrc pancy b e t w e e n  t he ind ividual  

d l tlicc: fu n c tions qk :.Jnd t he dec ision ruk q for t he �roup is n o  longer one of 
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consistency , which is t h e  concern of the pape r .  I t  is a question of c' n-recrness o f  

forma liza tion . One o f  the cen t ra l  quest ions in theoret ical computer  programming 

today is correctness of  programs: How do I know that the program I w rote docs 

what  I in tended it  to  do'l Simi lar ly,  in our case , the discrepancy between the qk 
and q raises a question o f  correct ness o f  formaliza tion : Docs the const ruc tion of 
the  qk and q do what we meant t h em t o  d o ,  i .e . ,  give a mathematical  forrnaliLa t ion 

for in formal decision p rocesses'' More p recisely ,  are the re �)the r ways o f  const ruc t 

ing i/k , ({ (for examp le , USing a different 1 /r than the m edian ) which  JVuids Seeming 

violations of intui tion such as comcs up i n  the fu nction j'*') 
I n  any case , I would l ike to thank Dr.  Encarn:ll:i<in o n ce m u 1 C  ! ·or t h i s  p:1 pc: r .  

I hope i t  stimui:.J tcs gre a t e r  interest  i n  t h e  ch:li knge o i' Jc vcJ,)p ing m:J t h c m :J t ic:.!l 

fu rmalis 1 1 1 s  in t he social sc iences 



Trans. Nat. A cad. Science 
& Techno/. / 984. 6 1 93-246 

FERTILITY AND FAMILY P LANNING BEHAVIOR 

IN THE BICOL RIVER BASIN 

Alej andro N. Herrin 

School of 1:-conomics, University of the Philippines 

Diliman. Quezon CitY, Philippines 

Introduction 

Tiw Bicol regio n .  consisting of six provinces (two of them separate islands) 
is located at the southern t ip of Luzon . In 1 97 5 ,  it had a total population of 
3.2 million , or 8 pe rcen t of the national populatio n .  The region is one o f  the 
least developed areas uf the country. Moreove r ,  it i:;  one of  the regions with the 
highest fertility, infant mortality and rate of out-migration . In view of th ese 
characteristics, serious efforts have been u ndertaken to accelerate t he develop
ment of the region . 

In order to pro�ide a greater understanding of the long-term impact of 

development efforts in the are a ,  the first Bicol Multipurpose Survey ( BM S) 
in what is to be a series of su rveys at appropriate in tervals, was conducted in 
1 97 8 .  One of the key areas of interest for planning in the region is its uemo
graphic development .  One aspect of this relates to the levels, trends and deter

minants o f  fertility lli1d family planning practice.  TI1is paper reports on the 
analysis of fe rtility and family planning behavior i.n the Bic ol  Rive r Basin based 
on the data ubtaineu from the 1 978  BM S.  

This paper is organized as follows . Section l l  describes salient economic

dem ographic characteristics of the region in the context  of national t rends .  
Section Ill  describes the demographic data collected by the 1978 BMS .  Section 
IV presents tabulations of major demographic parameters by selected socio
economic characteristics. Section V presents the analytical framework for 
exa m ining the de terminants of fe rtility and family plan ning practice . Section 
VI p resents the regression resu lts . TI1e last section concludes . 

Economic-D
_
emographic Characteristics 

The Bicol region had a population of 3.2 million in 197 5 .  constituting 
8 percent of the national population . The region's land area comprises 7 percent 

of the national territory . Selected socioeconomic indicators shown in Table 1 

suggest that the region is one of the poorest in the country .  It ranked second 
front the bottom of l 3 regions in terms of per capita regional output in 1 9 77 

and ave rage family income in 1975 ,  and was fourth highest in terms of poverty 
incidence in 197 5 .  In terms of level of u rbanization,  it ranked ftm rth from the 

1 9 3  
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bottom in 1 97 5 .  As a rough indicator of infrastructure d evelopment , it had the 

lowest road density in 1 975 among all regions . 
The depressed socioeconomic conditions in the region are related to its 

demographic performance . See Table 2. The total fe rtility rate estimated at 

around 1 97 5  was th e highest in all regions.  while the percent decline in total 

fe rtilit y rate from around 1 960 to 1 975 was the lowest . Mortality rates as 

measured by the infant mortality rate and the life expectancy at birth are still 

high relative to the advanced regions of Cen tral Luzon and Southern Tagalog, 

although not as high as in the Mindanao regions . The depressed conditions 

in the region is related to large-scale out-migration. BicoL together with the 

Ilocos and Visayan regions have been consistent net-out m igrat ion regions . 

Demographic Data in the 1 9 7 8  Bicol Multipurpose Survey (BMS) 

The Bicol Multipu rpose Su rvey was designe d .  among others,  to provide 

information necessary for the systematic assessment of the im pact of develop 

ment efforts in the region under the Bicol River Basin Development Program 

( BR BDP) of the government . Among the areas of concern a ddressed by the sur

vey are agricul tural production and productivity ; levels and distrib u tion of 

incom e :  t ime allocation an d employment : fertility . mortality. and fam ily plan

ning use ; health and nutrit ional status ;  contribution of women : and t he per

ceived an d obj ect ive quality of life. This section describes the demographic data 

contained in the 1 978 BMS .  

Fertility. Two ty pes of fertility data can b e  derived from the su rvey . 

namely : the n u mber of children eve r born :md the n umber of child ren b o rn  
during t h e  last fi\·e years . 1 97 3 - 1 977 .  We de scribe below the proced ures i n  which 

these data were obtained by the 1 978 BMS a nd indicate potent ial t h reats t<) 

their reliabilit y . 

Rea sonably acc urate data on t otal number of children e ver born can 

usual ly be obtained from a carefully collected pregnan cy hist ories of ever

m ar ried wo men . The procedure involves in tensivel y questioning each ever

married woman in t he h ousehold regarding all her  pregnancies that  termina ted 

eithe r into a live birth or a n on-l ive birth and in the c:1se u f  the llrst  c:�tegory . 

whethe r the child is still alive or not . Specific information on each of th ese types 

o f  pregnancies are then obt ained . e .g . ,  age and sex. o f  child and wheth e r  s ti l l 

living in the household nr not . For those child ren who h ave died . JdditiLmal 

information nn age at de:1th is obtained.  Where p regnancy inte rva ls a rc l ong. 
e.g. ,  more than three years . respondents are encouraged t o  recall possible 

omissions. 

A less intensive approach to collec ti ng children eve r born data would be 

to s imply ask the respon dent to list down all ch ild re n born alive and still sur
viving, all child ren born alive but are now dea d , and all children born alive bu t 

arc now living el sewhere . TI1is approach attemp ts to improve u pon the single 



Table I .  Selected Socioeconomic Indicators by Region . 

Pop11lation Land Area Per Capita A verage Poverty Percent Road Density 
Region (sq. km.;a (sq. km.;a Ou tpu t, 1 9 77 Family incidence, Urban, (km. /sq. km. 

(millions) (000) (I'OOO)b Income J 9 75C J 9 75C of alienable land) 
J 9 75a (1') (Percen t) J 9 75b :r ('; 

� 

Ji' 
Philippines 42. 1 300.0 1 , 7 3 3  5 ,840 4 5 . 3 3 3 . 4  0.68 ,;·  
Luzon 

Bico1 3 . 2  1 7 . 6 906 4,280 55.5  1 8 .4 0.34 '< 
llocos 3 . 3  2 1 .6  1 ,068 5 ,5 75 3 8 . 5  2 1 . 1  1 . 1 2  "' ::l 
Cagayan Valley 1 . 9  36.4 1 .07 2 5 , 1 02 4 5 . 6  1 3 .0 0 .49 

"" 

Central Luwn 4 . 2  1 8 .2 1 , 37 9 5 , 7 7 3  2 8 .9 33 9 0.67 
,., 
3 

Southern Tagalog 5 . 2  46.9 1 .694 7 , 7 7 5  4 5 . 9  3 1 . 8  0 .58 '< 
Metro Manila 5 . 0  0.6 4 .474 1 0,469 30.9 1 00.0 4 . 4 1 ":l 

Vi say as 
� ::l 

Western Visayas 4 . 1  20.2 1 , 9 3 3  5 ,484 48.0 26.7 0.44 :; (1() 
Central Visayas 3.4 1 5 .0 1 ,4 05 5 , 1 72 5 9 . 9  28 . 9  0 . 9 1  :; 
Eastern Visayas 2 . 6  2 1 .4 9 35 4 , 8 34 56.0 1 8 . 7  0.49 co 

r;· 

Mindanao 
!2. 
;;<: 

Western Mindanao 2 . 0  1 8 .7 1 ,0 1 4  5 ,662 45.9  14 .9  0.40 :;::· 
Northern Mindanao 21 2 8 . 3  1 .275 3,803 7 2. 8 23 . 2  0 .92 � 
Southern Mindanao 2.7  3 1 . 7 1.7 69 6,307 4 1 . 5 26. 7 co 

n.a.  [;:; 
Cen tral Mindanao 2 . 1  2 3 . 3  905 5 ,025 3 1 . 7  1 5 . 5  n.a.  :;· 

- - -- · -- - -- -- · -----

SOU RCE S :  aNED A ,  1 98 J Philippine Statistical Yearbook. Manila, 1 9 8 1 .  

bNEDA, Five· Year Philippine Development Plan, 1 9  78· ! 982. Manila 1 9 7 7 .  

cworld Bank ( 1 980). 
dPernia and Paderanga ( 1 98 1 ,  Table 4). 

o,Q V> 
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Table 2. Sd<:ct�d Dem ographi<.: l n d it:ators by Region 

Perce111 

Chan!!' in TfRa 

1 ()58-62  It! I y -:3- 1 7  
Jil-t R (q0) 

r 9 ?ob 
Life Expectancy 

1 () ?()b 

.Vet Migration Ratci 
1 960- 7()<-' ! 9 70- ?Sd 

(Per 1 . 000 Population} 
----------- .. ··-- -·-··--·----·--------

Philippines 
Luzon 

Bkol 

llocos 

Caga)' an Valley 
Ccn tral Luzon 

So u thern Tag:tlog 

Metro Manila 
Visayas 

Western Visayas 
Cen tral Visayas 
Eastern Visayas 

Mindanao 

Western M in danao 

Northern Mindanao 

So u t h ern Mindanao 
Cen tral Mindanao 

------ ---· ·· - ·---

5 . 2 0  

6 . 0 3  

4 . 90 

5 . 4 1 

4 . 4 7 

4 . 79 

3. I I 

5 . 04 

4 . 7 0  

5 . 8 1  

4 .99 

5 .  76 

5 .44 

5 . 2 2  

-- 1 9  5 

- 1 3 . 1  
- 2 3 0 

- 2 3 . 8  

- 3 0 . 2  
-- 24 . 9  

- 3 8 . 6  

- 20 . ::!  

- 2 1 . 8  

- 1 5 .4 

- 3 5  8 '  

- 2 1 . 7 '' 
- 26 .0 ' 

. - · · - ---· ·· ·--·---

9 3 . 1  

99. 1 

8 7 . 9  

I 0 3 . 2  

8 2 . 7  

75 . 2 * ' 

99 . 1 

8 5 . 6  
9 7 . 5  

1 3 1 . 9 '  

1 35 . 1  * 
1 1 ! . 6 •  

5 9 . 3 

5 5 . 7  - 3 4  - 1 0 

5 7 . 6  - 6 0  - 1 3  

5 3 . 0  + 1 6  - 2  

60. 2 - 2 0  +6 
5 9 . 5 ' . + 1 20 +4 

- J 9 3 * U + 1 5  

5 7 . 4  -64 -4 

5 9 . 1  - 9 7  - 1 1 
5 3

.
0 --84 - 2  

4 7 . 6 *  + 3 2 *  - 1 1  

5 o . n •  +5 H *  • 1 6  

4 9 . H *  + 1 09 + 1 0  

- 9  

SOL'RCI  S ·  d d e  G ili:ll1an ( 1 9 7 7 )  for 1 95 8- 1 9 -:- 2  li�u rt:\ ba,,•d o n  1 9f>� a n d  1 '! 7 3  .'\ i )S :  d,· t . u ;.nun ( u n p u bl i \ h L' J J  t or 1 9 7 3- 7 7  l >ased nn 1 9 78 
R l ' l  S. 

Tl R st .mds  lor t o ta l k rt il i t 1  rat ·: .  
h i - lieg�r. W .  et a/. 1 1 9 8 1 )  . . hti l ll �l l l' S  a l l' fc.H buth '" "' S .  l n t'J n t m u r t a l i t y  ra iL'' ( i \·f i{ J ;t rc rnc: a <u r"d i n  t,· r r n ;  u t  p r o bct b i l i t v  > � f d l· i n�  
l'rc_•m b i r t b  t o  a g e  o n e .  
C J · l iqcc r .  W . . < ' I  a/ .  1 1 '1 7 6 )  
d\iCSO ( 1 9 8 1 1 .  

• O l d  r c' t r " n:!l c l ,t " i  1 iL· ,, u o n .  
• * i nL· lud�, 1\ktro � l a ml..J . 

• • • e r r >  of \b n rla on I ;· 

-.o "' 
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7. 
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question approach on total number of children ever born u sed by censuses in 
the past . Nonetheless, without the intensive probing required in obtaining a 
complete pregn an cy history, chances are high in the latter approach for res
pon dents, especially older women, to omit or fail to recall children born alive 

but who have either died early in infancy or who have since left home . As a 
consequence, the children ever born data for older women may ten d to be 
undcrsta ted . 

The 1 978 BMS did neither of the above approaches for obtaining children 
ever born data, that is, in the 1 978 BMS, no direct questions on children ever 
born were asked.  Instead ,  the respondent, who was the spouse of the household 

head , was asked to list all household members includine own children , alive or 

dead.  The own children data was then expected to provide the children ever 
born information . The potential problem with this indirect approach to gather
ing children ever born data is that the chances are high that older women will 
fail to include a child as a member of the household if, either the child has died 
som e  years back, or the child has already left the household .  For younger 
women , the problem may not be as se rious since these women would usually 
have a smaller n u m ber of children , and these children would still be young and 
mostlv likely to be still living in the household with their mothers. Whether in 
fact children ever born data obtained by the 1 978 BM S through the household 
listing mechanism will be underestimated for older women , of course, remain to 
be seen.  Rough checks for possible underreporting will be made below. 

Another feature of the child ren ever born data in the 1 9 78 BMS is the 
fact that children reported in the household roster refer  only to own children 
of the household head's spouse or the woman respon dent herself if she is the 
household head . TI1e children of orher ever-married women in the household 
we re not coded i.JJ relation to their own mothers, hence the number of children 
ever born of these other women in the household cannot  be obtained .  The data 

on children therefore refer only to children of ever-married women who are eithe r 
the spouses of household heads or arc household heads themselves. and not to all 
ever-m arried women in the household.  This limits the comparability of the 1 9 78 

BMS data with data from other surveys that do ob tain data on children of all 
ever-married women in the household.  Nonetheless , tlus omission is probably n o t  
cmcially importan t in terms o f  t h e  main purpose of the BMS which i s  t o  analyze 
the determinan ts of demograpluc behavior rather than to estim::lte regional fe rtility 
levels as such . 

The second type of fertility data referred to earlier is t he n um ber of children 
born during the past five years , 1 97 3 - 1 977 .  l11is information was obtained by the 
use of a restricted pregnancy history in which responden t s  were asked for each 
year from 1 97 3  to 1 977 whether they were p regnant,  and if so , how the pregnancy 
terminated . *  Note that the questions were phrased in terms of "Were you preg-

*
Additional questions on pre-natal, delivery and child care were also asked. 



nant last year·r · .  · ' J J , ,w many t imes were y o u  p regnan t d t t ri n g  the preced ing fo m 
years. i n  1 9 76 '' .  ! 97 5 '' .  ! 974'' .  J <J 7 J 'l ' ' . A follow-up quest ion on pregn ancy tcr ·  
min�1 tiun ( i .e . ,  l ive bi rt h .  still b i r th . " '  miscaniagc ) was then asked t J ! "  c� tch preg

n an c y . Can w o m e n  in general ac(' u ra tcly rccJ.!I p rcgn:1 1 1 ciL' S  m rm'gl lili lcin. or 
L·a n  th ey recal l  prcgn:1 1 1c ics  bettcr  i f  t l t csc woc rcla t t ·d to speci fic l ivl' birt l t S  d u r ing 
t! Jt� pas t  five yea rs'> ScccliH J ! y .  even i f  t hey e m  rr�ca l l  a l l  p regnancies .  W < H ! I d  they 

vol t t n t a ri ly  repor t  : t i l  sucl 1  p rcgn �t rll.: ic•s '.' 

I I  i n deed wnmcn can bett e r  rcc;t ! l  p rcgn�mcies t l t :t t t c rmin:.ttcd ; t ,  l i ve b i r t h s 
than  j u st an y pregnancy , then rite t t um hc r L1 f re p u r t r d  p t c l:,' n a n c· ic• s d tH i l ll:,' t l t c· past 
live yc.ns will tend t < l  be u nderst :t t ed  in t h is su rve y .  hr r t ! t e t nHHe . L'vcn i l t l t c' Y  c· a n 

reca l l  al l pregn a n cies .  i l  is possib l l' I h a t  t l t l'y may n o t  r c· po rt t h ose p rc·gn�<c: ies t h :tt 

tnm ina ted as still births o r  m isc:t r r i:tt'es f, , r  t h .:· simp [,• rc: tS< l ll l h :r t J l r c 1· may n ot 

want t<J t al k  abLI U !  stt c l r  c·x p cr i e n ccs .  e,;p�?ci :dJy if they We' r e  cmot ion :r l l \  t r: t t l lll: t t i c 

ones,  to i n te rviewers  wi 1 1 J  :r rt' s l r: r n � L' r s  l •. > t h e m .  At:: 1 i 1 1  t h i , ,,·il l t ,· n d  1 1 1  u miL: r 
cst i r m t c  p rc:gn:t l iC i CS  :tn d  may :.J ffcd : t n y  Ct! l l t C ll l jJ I : i l c d  ;1 1 1 aly sis o (  p t c' ·l l :t t:d C: : ! IC . 
This  JH< lblcm n f  p 1 c�nancy recal l  an d rL·purt ing. ! H l\VC I'C t , n J :ry n o t  :r tlec:t t i r e  d J ! . t  

on l i ve bi rths s inre t h t• p regn a n cies t h a i  W<l U l d  tend 1 1 1  he.· rc c:rllcd a n J  rc pu rted wil l  

be pre cisely th ose t h .r t  t e rm ina t ed as l ive bi r t h s .  
Then� i s  : r  pP t cn t i :t l ly  sc rwus smr r.:c of e rro r wi th r c spe ·�· t t u  live b i 1 t l is . 

howeve r .  ll1is enol· i ;.  rcla kd t n  t l 1c' t i 1 : 1 C  rc fc re th>.' i n  11· h i c l 1  p rcg t t �l l t c i c.•s ( : rnd  l i ve 
bi r t h s )  :t r c· to be reptn!cd * Pregn J n ,: i c ,  ( l ive bir th .'>) l iLlY l'C rcporkd �t s oc..: u r r i r 1 g  

wi th in t ll C'  period I •J 7 3 - 1 9 7 7  when in  fact  t hey uccu tTc'd tH t ts idc  t l r i �  r;· k rc n ce 
pe ri od , i f  so , t l t c  t ot:d n u m be r  o f  bi n h s  will  be uve rcst i m :r k d  l·m t i re pcriud . On 
t l tc  u t hcr  h a n d ,  pregnancies (live births} ac tually o-:rt i !Ting du rint: t h e  rc: l'e rL' ! l l'l' 

pe r i od may be m i -; l ak e n l y  t h o u gh t n l' by respon de n t s  :ts occ u rr in i!- t ilt hide t h e  

refe re n ce pe riod : as : 1  c o n se qucn c� . t he nu mber of live  b i r th s  t'm the  pe riu d Wllllld 

be u ndcrsUte d .  Tl t c l a t ter  type uf e rro r l1as bee n fo u n d  by dem ul:,'r:r phcr�  tu bl' 

m ore l ikel y in  c:�scs w h e re the refc rl· n cc pe r iod is 1 2  nwn th s .  \Ve do 1 1 0 !  h :rve in

formatiun on what d i rec tion the e rr o r  in  the aggregate wil l take i t' the ovnall 

re ference  per iod is fi ve years .  

F u r t h ermore ,  d c mogr:1p h e rs ;rssu n1c t h Jt in the  ctsc of  the  1 2  rnun t l t ."> re 
le rence period .  the repor t in g  error  J oe� n u t  vary with  :tgc o f  woma n .  Th is appc:ns 
to be :.1 reas011Jbk a ssu m p tion since the re fe re n ce pc ri tld IS sh ort enOt tgh so th:� t  
neither  y ou nger n ur  o l d e r  women woul d  h :tvc great  d i flku l t y i n  d e t e r m i ng whether  

:t rece n t  birth occu rred with in t he refe re n ce pe riod , Wl r ether  t h i� assump t ion 

can rea so n ably app ly t o  mult ipk refere nce peri ods enc< l ll t passing five years  re ma ins 
w he see n .  Younger women \vho arc in  t h e  early or middle �!ages of  b r r il d i n g  their  

fal l l i!lcs will tend tn have m ost of the i r  pregnancies ( b i r t h s )  d u rinf! the rece n t  past . 

Hen ce , these women will have a h a rder t i m e  figur ing <.Hi t w he ther a prq!nancy 

(b i rt h )  occ urred in any specific year w i t hin the five-yc:n pe ri o d . I t  is possible that  

' Lrrors due to misplacemen t o f  b irth,; occurring in  e a c h  y � ar arc e\·cn no  nrc lik d y  and. 
t h c r c fu rc·. we comidn only the lcssl�r problem •lf c·ve n t  mhpl acenwn t  for tl1c frvv YC<IT ;'e r i o d .  
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they wuuld either bunch up their p regnancies d u r in g the five -year  period Dr that 

some p regnancies may be p ush ed farther back in l i ll ie  beyond the re fe rence pe ri od . 

On the other h an d .  older women who either  h� ve completed t h e ir fe t·tili ty or w e re 

in t h e  final s tag,�s o f  complet ing their  fam il y siZL' in t he past five yc:trs will t e n d t o  

h:lVC fe wer pregnancies t u  IC J l iC t l lbCr  t h a n  the fun n c r  gr oup o f  y ounge r WOlllCil . 

They will., t l r crc l 'o r c .  tL' llll tu h a ve less c m n s  i11 reporting pregnancies (bi rths)  as 
Lll'C tt rring  w i t h in t h e  re fere n ce pe riod . Tlr u s .  it  is  possib le t h a t  c r  r n r s  a rising fro m  

t i r e  fail u re u f  wome n  to co r rectly re port  pregnancies (live bir t h s )  as  ucc t t t·r ing 

with in t l tc  r c fl' t e n ce pe r iod under consid er:rt ion cou l d  ve ry \VL' i l  vary sign i fican tly 

by a ge o f  v. oman :ur d I Jy  s tage i n  t h e  re product ive l ife cycle .  In  the n e xt secti o n .  

we' sh; t l l cx: uninc \v h c tht:: r  t h ese: potc n lial C l  r o rs a rc' JTJlcdecl t il t i l l' l 1J 7r; BMS d a t a  

. 1 /ortalit l '. Direct t n u n �t ! i 1 y  i n fo r m ation w a s  o h t a i n c d  by the  I LJ 7 8  BM S .  

Tim i n fm t l l ;< t i r l tl rckrs tu deaths t o  anv m c m b c'l n C  i h e  l·: l tn iJy J mi n g  lh L' past 

1 2  l l l ll l l t h � .  Lik e wise . m urtJJi ty  in fonna tiun c a n  he t'buin c d  in directly from t i r e  

J t G LISL'J : u)d ro ster o f  chil d ren who h<tW dil•d �ll ll l l l i �  chiJt! J c n  C VI? J  born . 
Data  on the p rupurt i • J tl I l l '  c h ildren su rvivin� o u t  t ,f  ch i l d ren CVL' r  horn by age 

< II cvc t -n ra rricd wumet t kt vc bee n u se d  by de t11n,;r3 p l l c rs t o  es tim;tte Brass-ty pe 

infa n t  ;m d childh ood 1 1 1 o rtal i ty ra te s . HtJwcvcr. in t h e  ! '! 78 BMS da t a .  l l n ly dri l J 

rcn eve r b o rn  ami child ren s u r viving u f  w u m e n  w h u  ; trc e i t h e r  t he •;pume ,, f l hc· 
lrou sdwld l t ea d or t he lwuschnld head hersdl L·a t t  be e x tracted from ti r e  ; •. Jst c r .  

The d 1 u.dre n of u t h c r  e ve r · t t r a r t ied wo men cannut  b e  su (k tcrm i n c d  a s  desc ribed 

ear l ier .  l k n c: e ,  cstimatc:s I l l. [Jr�Jss-type i n f;� n t  and r:hildll < H HJ n 1 o r t :.t l i t y  ra tes  f'rcm 
t i re I 97'1:) lJr'vi S may n u t  conc'cll y  m easu re nwnal i t}  c: o n J iliotrs i n  the regiun 

u nk ss tlr e  drildrcn evt:r born and ch ildren su r�iving uf women whose daLr a re 
availa b l e  from the su rvey are rnure or Jess t h e same :1s t lwse \VOilH?n whusc data  ;m� 
n u t  a vail a blc . 

On the o ther hand, tire di rec t m ortJi i ty info rmation av�ilable m a y  n ot be 

adcqu:�te in prcwidi ng rel iJble m or tality 111casu res, cspeciJily fo r a d u l t m o r tali t y .  

One major  rca�on is t h a t  the base population i s  relative l y  small  ( i .e . ,  1 ,903 h ou se

holds m u l ti p l ied by appro ximately 6 mem b e rs per h ousehod y ields only a popu

lation of 1 1 .4 1 8 . which is too small for relia ble esti m ation o f  agc -spccillc dea th 

rates). F u rt l r e r n rme . direct mortality information can be se riously u nderestimated 

eve n  in well de signed su rve y s  for the simpl e  reason th at responde n t s may not wa n t  

t o  t alk abou t d e aths i n  the fam ily , especially t o  interviewers whom they h ardly 

know,  3nd hellCt' are u n likely to report  such deaths . (See Madigan , cr al. . 1 976).  
Wlr ilc t h e  estimation u f  mor t al ity par:unctcrs ; r s  such is  bey ond t he SC<)pe 

of t his rep o r t .  we are in teres ted in some measure of child mo rtal ity as a po tent ial 
determinant of fe rtility . The data on the n ut11ber o f  c h ildren su rvi\ing o u t  of chil · 
dren ever born should be adelJuate  for our prese n t purposes. 

Jfigration Data on in -migration were ob ta ined from questio ns o n  h ow long 

the fa1 11ily h as li ved in the barangay , and if less than five years, where the head o f  
the household pre vious ly  rL'Sided . Data o n o u t -migration, perhaps the more in
teresting info rmation from Bicol's  s t andpoint , can be infe rred from the ques t ion on 



200 l ransa..:tiuns N a t illnal A cad.:m y or S l'ic: tKl' 

whether a member of the responden t ' s immed iate famil y (spouse or child ren ) 

lived in the house d u r ing the past six mon ths p receding the in terview .  However , for 

famil y members who were absent during t h e  past six mont hs,  as :�dd i t ional data on 

cu rrent residence and reason for their absence w e re ob ta ined .  In additio n .  the 

residence ques t io n was rest ric ted to fal lli ly m e m b ers only . More seriousl y ,  the 
ou t-migration of en t ire households would o bviously not be captu red by th is single 

survey . Comparison uf househol ds in the I 9 7 8  BMS with the results of the I 98_� 

BMS cu rren t ly being fiel ded sh ou ld o ffer in teres t ing data  on populat ion m ob i l i ty . 

Like mortality , migration an aly sis is bey o nd the scope of this pape r .  

Famil)'  Planuing I n formation on fa 1 1 1 ily  plan n ing beha\�or incl u de k nowledge 

uf family p l ann i ng m e thods an d sou r ce o f  this  knowledge .  e ver  u sc and cmrent usc 

of spec i fi c  methods ,  and k now ledge of (J mily planning c l i nics .  t h eir  distance an d 

cnst of t ravel _ I n  ad d i t ion , responde n ts were que r ie d  on w he t he r o r  n o t  they h ave 

L've r been \isi t ed by l 'a mi ly pla1 1n ir�g or gove rnmen t pcrsunnel  vv lw discu ssed 
family plan ni1 1g  w i t h  t h e m ,  and whe t h e r  or not t h ey· t he rnselvcs h av� e ver \is i t ed 
a family pla nn in g clin i c .  

Other Fer!ili t l  Relate,/ !nj(mna tion Tile  1 9 78 BMS u b bined i n : u rma tiul '  
on whether o r  not responden t s  wan ted a d d iti o nal c h i ld ren �1s well  as ot ·  their 

desi red n u mber of c h ild ren i f  they were to start :1ll C>ver aga in . The second quest ion 

asks wumen to re spo n d  on the b :�sis of a hy pothe tical situatio n .  The high co rre la 
t ion b� twecn act u al and desired f:tmily size wh ich is ubse rved bt)lh in t h e  Phil ip 
pin t' s ami else'>':herc l l lay m e an t ha t  wnmcn d D  :1c t  u po n  r h e i r  fe r t ili ty  desire s .  ;m d 
t h a t  t h ose who desi re  l:ngc ramilics t en d  tu p n J d ucc t h e m .  I f  t h is is t rut� . l i t Cl l  
desi red family size Wtlul ,l be J sen si t ive ind i..:ator o f  d l' m a n J  fo r co n t racc p t i u n .  :d !  
t h ings heing e q u a l .  1 {,)\VCVeT ,  t ! JC'  V:tiJ d i t y  0 1 '  SU C h  an i l l t C r pr e t a t i<� ll 1 1 1ay IJ c  quest i o n 

e d  0 1 1  the groun ds that i t is t o o  d iffic u l t  for a responden t t o  i sola t e  h e rsel f from 

at: tual  fJ mily circu :nstances.  As a co n sequent:e,  t i le  respondent  m :J y  re por t a la rge 
desired family size tu rJl ill!laJize the I I U I !1her U T  ch i ld r en already born b u t  nut 
plan ned.  ( Herr in and Pullu m ,  1 9R I ) . 

The d a t a  011  cu r ren tly m:t rried wome11 by fa mi ly  si;e wlw s t J t e  t h ey w<.� n t  

n o  m ore child ren may h e  more inflHma t ivc a :;  a n  i 1 1dic a t o r  u r  fam ily size pre

kren..:es at  lea.>! given p rese nt  d rcumstant·es becJuse i t  is lhlt affcc t �d by rat io

nalization and i t  requ i res Jess  abstrac tio n _  

[}.Jta on m a r riage pa t t e rns a r c  rcvt>aled b y  i n fo rmJtion o n  age ar  m<.� rriage 
o f  eve r -married wo men , as  well :JS b y  i nforma tion on t h e  mariL.tl s tJ t n s o f  wom e n  
15  ye:�rs <md ove r .  

Th e growing in t erest i n  t h e  e ffec ts o f  in te rmedia te va riables on fer t il i ty has 

led to a n u mber of st udies which e xami ned the e ffe ct of b reast fee ding L' ll the leng th 

c, f b i r th intervals ,  and h e n ce on ove r -all fe r t ili t y . In the 1 978 BMS,  l10weve r ,  b reast
feed ing info rmation was no t obtained in rel:t tJou to pregnancy or  bi rth intervals . 

Rather , t he b reast fee d i ng informa t ion WJS asked only of living ch ild ren born du ring 

t he past t wo years .  The emphasis , it appeJ.rs , was more on breastfeeding's link wi t h  
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the nutritional status o f  t h e  living child , rathe r than on i t s  potent ial e ffect  on birth 
interval s .  

T h e  amou n t  o f  demographic information t h a t  were collected by or c a n  b e  

e xtracted fro m  the su rve y ,  with i ts  various limitations,  defines t h e  type and dept h  
o f  ana lysis that can b e  mad e .  Needless t o  em phasize a t  this poin t that , given the 

need to obta in  as comprehensive a set o f  informatio n as possible on many other , 

a nd perhaps even m o re important co ncerns of the BMS.  a n d  given cost and time 

constr�n ts .  the demographic data that could feasibly be collected from this survey 

could not h ave the same range and deta il as t hose usually obtained from surveys 

d esigned solely to measure fer tiEty and family pla n ning usc . Nevert he less .  as the 

last section of this report will suggest ,  with t he benefit of hindsigh t and accumu

lated demographic survey experience , tlt a t  modifications both in analyt ical ob
j ect ives a n d  in data collect ion procedu res could signi t1can1ly i m prove the cost 

e ffect iwness of t h e  llMS dem ographic su rvey module . 

Fertil ity and Family Planning : An Overview and Asse ssment 

Clzildrcn F1·cr flum all(/ Children Sllrl'il·ing. Table 4 presen t s  t h e  d a t a  o n  

c h i l d ren ever  born and proportion o f  c h i l d r e n  surviving o f  chi ld ren  ever h o r n .  Th e 

d a t J  a rc c lassi f ied by age uf woma n .  by select�d :neal c h a ra c t erist ics and by the  

c h a ra c t � r i s t ic s  o f  the woman a n d  her househ o l d . i .e . ,  h e r  e d u catiunal a t ta in me n t . 

wnrk statu s a n d  t y p e  of hnusing con struc t i o n .  The l a t te r  character is t ic proxy fnr 

the inc<lll le  variabl e . *  

Before presen t in g  the resu l t s .  w e  first examine the ch il d re n  ever ho rn d a t a  

fo r poten tial u nderrepo r t i.ng. A rough check c a n  b e  m a d e  b y  looking a t  t h e  data 

on the proportioll o f  ch ildren su rviving out  nf c h il d re n  ever born. If these pw
p n lt i o n s  a rc too h igh re lat ive to wha t  m i g h t  be expec t ed on the b asis o f  independ

e n t  Phil ippine stud ies .  then  the children e v e r  b o r n  d a t a  fro m  th is Bicol su rvey 

could very wel l he u n d e rstated , reflec t ing t h e  tendency fo r women to und erre p o r t  

c h i ldren who h ave died l on g  ago or have since l e ft h ome in the l i s t ing o f  househol d  

members .  

Dat a  on children ever born and p ropo rt ion surviving for BicoL Misamis 

Ori en t al a n d  fo r the coun t ry as a whole are show n  in Tabl e 3 .  Note the defin i t ion 

o f  ever -m ar ried wom e n  are n o t  st ric t ly comparable. 

First , as  one may read ily observe . the p ropor tions surviving of children 

among ru ral Bicol wom e n  com pared to rural M isamis Oriental  women tend to be 

high e r  in all ages except the first two you ngest ages . In 1 9 7 0 ,  the average mortal i ty 

condi tions in Mi samis O rien tal an d the Bicol region :rrc no t very d iffere n t ,  with 

l i fe e x pectancy at  birth being 5 6  years in Bicol and 55 years in Misamis Orien tal, 
and t he probability of d y ing be fo re age I b eing 0. 1 0309 and 0.09906 . respectively . 

( Fiieger, et al. ,  1 9R I ) . One Wl) u ] d  therefore e xpec t the d i fferentials in propo rt ion 

* Estimates of household income. the  subject of a separate s t u dy o n  the· B M S  data ,  could  
not  as  yet be incorporated in the present analysis. 



Table 3. Mean Number of Ch ildren Fvcr B or n  of Ever-Married Women and Proportion Surviving of Childre n Lvcr Born : Bicol. Rural Misamis 
Oriental and Philippines. 

Mean Number of Children l::�·er Born of Ever-Married Women 

Total 1 5 · 1 9  20-24 25 -2 9 30-)4 J5-J9 4044 4549 

B i c ol ( ! 9 7 8 ) J  5 60  ( 1 .00)d 2 . 0 1  3 . 3 3  4 .  7 9  6 . 3 4  7 . 66 8. 1 1  a 5 .66 ( 1 . 1 1  ) d 2 . 03 3 . 3 3  4 . 8 1  6 . 4 2  8 . 07 8 5 8  Ru ru.l Bicol ( 1 97 8 )  
Ru ral Mis. Or. ( 1 9 7 2 )  b 0.76 2 . 1 8  3 . 8 9 5 . 3 3  7 . 0 3  7 . 4 3  8 . 1 7  
Philippine-; ( 1 9 7 8 J c  4 . 58 0. 85  1 . 89 2 .96 4 . 2 7  5 .66  6 . 74 7 .00 

Proportion Survh·ing of Ch ildren l:.'ver Born 

Bicol ( 1 97 ill"  . 1> 9  ( .  9 l )
d 

. 9 0  . 9 1  . 9 1 . 89 . 88  .88  
Rural Bicol ( 1 9 7 8 )" .ll9 ( 90/1 . 9 1  .92  . 9 1 .88 . 8  7 . 8 2  
RurJl  �hs. O r .  ( 1 9 7 2 /' . 99 .93  . 9 1  . 9 0  . 8 7  . 84 82 
Philippines ( 1 9 78)c . 9 0  .93  .9 3 9 2  . 9 2  .90 .8 R . 8 7  

aBa�cd on the 1 9 7 8  131\IS. R e fe r., only t o  cvcr-mamcd women who an: spouses of hou,eilold h ead ' n r  ar� hous� hold h ead thcm �dvcs. 

bDa�cd on surv�y in rural Misam is Orien tal in 1 97 2 . R e fer� to all evcr-marncd wom r n  in the h ousehold� who ?avr ,c J f-rcporh ( c x ci u dc s  pro;.. y 
reported women ) .  Sec Madigan , et a/. ( 1 9 7 4 ) .  

'ilas�d on the 1 9 78 Republic of  t h e  Pb il ippincs r:er tility S urvel· ! R f'J.' S ) .  Rl'lrr� t o  a l l  c·v,� r-m:micd " o m r n  i n  t h e  households. presum ably a il  
wt·r� self-report s. 

d
less than 2U cases. 
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Tahk 4 .  M�an Num b.:r of Children Ev.:r Born (CEB),  and Proportion Surviving of Children Ever Born ( PS), by Age of Women, by Province, 
and by Lo�ation, and Selected Characteristics o f  the Woman , Bicol Riwr Basin , 1 9 7 8 .  

Pro vince Location 

Age of Woman Ali Women Camarines Sur A lba t'/Snrsogon Rural Urban/ Poblacion 

CFB I'S CFB PS CJ::B PS Cl:B PS - - - - - - --- - - · -- - - - --- - - - --- -- ·- - - - - -· · -----·- -- ------ ·---

1 5 - 1 9  
2 0-24  
25 - 2 9 
3 0- 34 
35 - 3 9  
40-44 
45-49 

To tal l u ) IJ 
Total ( s{ 

n 

aLcss t h a n  20 cas�>. 
b l;n snncl ard iz�d. 

( 1 .00)3 
2 0 1  
3 3 3  
4 .  79 
6. 34 
7 . 66 
8 . 1 1  

5 . 60 
5 . 60 

( 0 9 0)a ( 1 . 20/' ( 0 . 8 3 l a 

0 9 0  2 .03  0 .89 
0. 9 1  3 . 3 7 0. 90 

0.9 1 4 4 9  0 90 
0 . 89 6 4 9  0.90 
0. 8 8  7 . 56 0 . 8 7  
0 8 3  8. 1 0  0.96 

0.89 5.65 0.90 
5 . 5 6  

1 . 25  7 7 5 9  

---------·-··-----

"- .-..)!e-standard izcd a�a i.ns !  al l  "'om;:n a�c d i�tribu t ion . 

(0 .83  ! 3  (l .OO) a ( 1 . 1 1 )a (0 90)3 
1 .9 8  0 9 1  2 0 3  0. 9 1  
3 . 2 7 0 .92  3 3 3  0 9 2 
4.64 0 . 9 2  4 .8 1 0.9 1 
6 . 1 2  0 .89  6. 1 2  0. 88 
7.80 0.89  8 . 07 0 .87  
8 1 2  0 .9 1 8 . 5 8  0 . 8 6  

5 . 54 0 . 90 5 .66 O .H9  
5 .55  5 . 7 8  

4 9 8  H 9 3  

CEB PS 

( 0 .5 0)3 ( 1 .00) 
1 .9 1  0.8 8 
3.33 0.87 
4 .  7 4 0.9 1 
6 . 1 7  0 9 1  
6 .  72 0.88 
7 2 1  0 .90 

5 48 0.90 
5 . 2 3 

9 64 

X r. � 
� 
::: 
.., ,., 
::l. 
t::' 
-< 
., ::: a. 
a:. 3 
t::; '< 
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Table 4 (con L )  

r<fuCatiOIIa 

.4X<' or h'u111an 0- 7 Years 8 + )'cars 

CUJ PS C/:.R PS 

1 5- 1 9  ( 1 00)a ( 0  89 ) � I I C H l Ja I I ()l ) ) a 
20- 2 4  2.0o 0 . )19 I H S  0 .94 
2.5-29 3 . .5 0  0 .9() � . 9 5  (1 . ')2 
3 0- 3 4  5 . 06 0 .90 3 . 9 H  1 1 . 9 4  

3 5 - 3 9  6 . 6 1!  0 K9  5 0-l !) 9 1 1  
4 1)-4-l 8 . 2  7 lUl7 S .  7 2 (i . H 'J  
4 5 - 4 9  !: L 5 2 (J 86 6 . S M  (1. (} 5  

T � > ta l  ( u J IJ 5 .  9 '.1  O . HR 4 . 4 1 () 9 2  
T < > t ..U  ( ,{ .5 . 9 3  4 5 2  

II 95 1 305 

a L,· "  rh � n  20 <'ase,. 
0Un>tand�rdm·d.  

-·----

lt·'ork Sra rusb 

ll'urk ing 

C I:B PS 

1 1J .6 7 )3 ( I  I I O)a 
U ) J  0 'J I  
3 . J  3 IJ 'J O  
4 . !i 3  0 .9  2 
6 14  (l . H 9  
! ) ' )  I U - 1 :-!  
7 . '1 4  I J . Il ' 

� - l)  tUi <J 

5 . 5 5  
7 5 3  

Xo r lt1ork ing 
-·---- -----

(LB PS 

I 1 . 1  � Ia i ll . 8 9 !
" 

2 . 1 3  0.  9(1 
3 .  3 3  (l 9 2 
4 - -' ·' 0 .90  
6 35  0 9(1 
-. 7 ')  0 . 8 6  
H -1 8  0 . '1 0  
5 3 3  0 89 

� 6 '.1 
.5 1)4 

'1 A�c - , tJ ndardi�cd ag a l l l ' l  al l evcr- m ;un,•cl II' < I J I IC!l a:,:,· J J .q ri h u t l• •n 

1/utoing /lldl'x' 

U�lt r ,H,·c/ili/!1 / ffca l'.l' 

CUJ PS CFB PS 

I O . H 7 1" ( 1 . (10 1 "  I I . � J la 1 0  75 I 
2 0 3  U . 'JlJ ( 1 . 89  )a I O . 'J I  ,a 
3 . -1 4  0 . 9 0  3 .09  ll . t.l 2  
5 . 0 3  O .'J IJ 4 . 4 2  0. 9 2  
6 .  7 2 I) ll 7 5 . 8 9  0.93 
:c 7  O . li �  6 . 7 S  0 . 9 2  
H . 2  7 O . K S  7 92  0 .90 
5 :' ')  O . K 7  .'> . 60 I I . 9 2  
5 . 8 8  5 . 2 1 

7 6  7 4 86 
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surviving of children ever born especially of older women to be much closer. Thus. 

it would appear that the children ever born data for rural Bicol might be under
stated most particularly for older women. 

Secondly, the proportion surviving of children ever born among all Bicol 
women age 45-49 years tends to be higher than that of the national sample. Since 

mortality rates in Bicol are expected to be higher than the national average over the 
past decade, one in fact Should expect the reverse to be the case. Moreover, the 

proportions surviving for Bicol women age 35 years and over should likewise be 
expected to be somewhat lower than the national average. Thus, there are indica
tions that the number of children ever born derived from the household listing of 

family members are underreported especially for older women. However, the level 
of underreporting do not appear to be large enough to affect our conclusions 

regarding the overall levels and patterns of children ever born by age of woman. 
This may not be true, however, if we wish to compare sub-group differentials of 

children ever born by age of woman. As Table 4 Shows, the pattern of proportions 

surviving of children ever born by age of woman tends to be erratic in several 

specific sub-groups of women. This is probably due to the small sample sizes within 
sub-groups. In spite of this problem, it is still instructive to examine sub-group 
differentials aggregated for all ages of women since errors will be minimized in the 
averaging process. As a consequence, the differentials between sub-groups might 

still be preserved. 
Data shown in Table 4 reveal higher mean number of children ever born of 

women (standardized for age distribution of all women) in Can1arines Sur than in 
Albay/Sorsogon (5 .6 vs. 5 .5); in rural than in urban or municipal poblacion (5 .8 
vs. 5.2 and 5 .3, respectively); with 7 or less years of education than with 8 years or 
more (6.0 vs. 4.6); who are non-working than working (5 .7 vs. 5 .5); and in lower 
than in higher economic status as proxied by the type of housing construction 

(5 .9 vs. 5 .3). These differentials are in the direction expected and is broadly con
sistent with the Bicol data from the 1979 and 1980 Area Fertility Surveys shown 
in Table 5 and with the national data shown in Table 6. * 

Fertility During the Period 1973-1977. The mean number of live births by 

age- of woman during the period 1978-1977 obtained from the abridged pregnancy 

history information are shown as Estimate A in Table 7. The sample of women 

include only those who were married continuously during the interval, i.e., cur
rently married women, married in 1972 or before. The data are shown with com

parable data for the Philippines as obtained by the 1978 RPFS. It may be readily 
observed that for Bicol the mean live births to younger women, i.e., 20-24 and 

25-29 years, appear too low compared with what might be expected on the basis 
of the age pattern of recent fertility shown by the Philippine data. Did younger 
Bicol women actually have lower fertility during the 1973-77 period than the 

*
The sample s izes of the Area Fertility Surveys were approximately 4,000 households 

for each survey round. 
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Table 5. Mean Number of Children Ever Born of All Ever-Married Women Age 15-54, Area 

Fertility Surveys of 1979 and 1980, Bieol Region. 

Age of Woman 1979 1980 Residence 1979 1980 

15-19 0.83 1.39 Rural 5.27 5.26 

20-24 1.90 2.00 Semi-urban 4.85 4.98 

25-29 3.32 3.34 Urban 4.58 4.71 

30-34 4.70 4.63 

35-39 6.24 6.01 Education 1979 1980 

40-44 6.91 7.59 No Schooling 6.96 5.97 

45-49 8.11 7.18 Elementary 5.55 5.61 

50-54 8.04 7.51 High School or Vocational 3.95 4.19 

College+ 3. 71 3.58 

All Women 5.19 5.20 Socioeconomic Status 1979 1980 

Low 5.29 5.31 

Middle 4.58 4.70 

High 4.69 4.79 

SOURCE: Concepcion, M.B. and J. Cabigon (1982), pp. 87-88. 

Table 6. Mean Number of Children Ever Born of All Ever-Married Women Age 15-49; 1978 

Republic of the Philippines Fertility Survey. 

Age of Woman 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

All Women 

Level of Education 

No schooling 

Primary 

Intermediate 

High School 

Some College 

College w/ degree 

Source: 1978 RPFS 

0.85 

1.89 

2.96 

4.27 

5.66 

6.74 

7.00 

4.58 

5.81 

5.71 

4.62 

3.83 

2.76 

3.10 

Region of Residence 

Metro Manila 

Luzon 

Visayas 

Mindanao 

Type of Residence 

Urban 

Rural 

Husband's Occupation 

Professional 

Clerical 

Sales 
Self-empl. Agri. 

Non self-empl. Agri. 

Unskilled 

3.58 

4.79 

4.71 

4.61 

5.15 

6.04 

3.65 

3.39 

4.13 

5.09 

4.97 

4.61 
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Table 7 .  Mean Number of Live Births During 1 9 73- 1 97 7  to W o m e n  Continuously Ma rried 
During nus Interval : Bicol and the Philippines. 

A,Re Fi••e 

Years Ago 

1 0- 1 4  
1 5 - 1 9  
20-24 

25 -29 
30- 3 4  

35 -39  

404 4  

All Women 
n 

Curren t AMI' 

1 5- 1 9  
20-24 

2 5  29  
30-34 

3 5 -39 

4044 

4 5 49 

Births ill th<' Past Fi••<· Y('ars. / 9 73- 1 9 7 7 
----- -·--·-- ·---- -----

Bicol f'hilippinesC 

A a yb 

( 1 . 5 1  )d 

1 . 7 2  2 . 1 9  2. 1 7  
i . 7 7  2 . 1 1 1 . 83 

1 . 4 7  1 . 82 1 . 44 

1 2 8  ! . 5 R  I . I R 
0.98 1 . 1 6  0. 75 

0.48 0.4 7 0.28 

1 . 1 9  1 .43 1 . 20 

1 .042 1 ,04 2 7 . 2 3 9  

a From t h e  1 9 7 8  BMS based on data from t h e  abridged pregnancy history . 

b r rom the 1 97 8 BMS based on data on children born during 1 97 3- 1 97 7  period as recorded in 
the household l ist. 

<'NCSO. et a/. ( 1 97 9 ;  Table 5 . 1 0) fr om the l 97R RPFS. 
d Le's than 20 cases. 

n a t ional average, or do the data indicate underreporting by younger women in 
Bicol ? The second possibility appear more plausible when we consider the dat ;J 
in Table 8 .  This table prese n ts estimates of age-spedfic fe rtility ra tes fo r all women 

in Bicol and the Philippines ob tained from the 1 9 79 Area Fertility S urvey ( AFS) 

and the 1 978 RP FS, respe c tivel y .  The rates are average ra tes cen tered in 19 7 5 .  

The AFS rates are averages for 1 974. 1 975 and 1 9 76 rates, while t he RPFS rates 

are averages fo r single years from 1973 th rough F J77 . Consider first the  age
speci tlc fert ili ty r:ttes for all women . As migh t be e xpec ted,  the fe rt i lity rates fo r 
Bi<.:Lll would tend to be higher  than the  national ave rage . The age -pattern o f  Bicol 
ra tes arc consistent with the n a tional pattern. U n fo rtun:.� tdy. we can not esti mate 
a ge-specific fertility rates  for all women in BicoJ from the I Q78 BMS for com

parison. This is because the :�bridged pregnancy his tory in fo rmation was obtained 

only fur the respondent (i .e . ,  spo use of household head or fe male h ou sehold 

head). 
Nex t consider the age -specitlc marital fe rtility rates for Bicol as estin1ated 

from the abridged pregnancy h isto ry information , Estimate A. and fo r the Phil i p

pines, w hich represents the ave rage rates of single yea r rates fo r the 1 9 7 3-77 per iod _ 
We should expect that  the  B icol rates should conform to the age-p<� t tcrn  of marital  
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Table 9. Percentage Distribution of Women Who Reported Having Heard of Specific Methods 

of Contraception and Who Reported Ever Use: Philippines and Bicol, 1978. 

Modem Program Methods 

Pill 
IUD 
Female sterilization 

Male sterilization 
Other 

Other Program Met/wdt> 

Rhythm 

Condom 

Non-Program Methods 

Abstinence 

Withdrawal 
Douche 

Other 

Percent Who Had Ever 

Heard o[Method 

Philippines'l BicoJb 

A B 

90.2 77.7 57.4 

86.4 57.9 39.6 

74.7 25.4 11.9 

69.6 13.2 7.2 

39.9 8. 7 

65.9 32.6 36.1 

87.6 63.3 44.8 

36.3 2.7 9.1 

65.3 19.5 10.7 

21.2 1.0 

4.0 5.6 

Percent Ever Used 

Philippines'l BicoJb 

24.7 

7.0 

4.5 

0.6 

2.9 

23.1 

20.1 

10.2 

31.0 

2.2 

1.0 

19.9 

4.4 

1.5 

0.2 

19.5 

11.5 

7.4 

6.4 

1.6 

aBased on the 1978 RPFS; women are ever-married women age 15-45 years. NCSO, et al. 

(1979, p. 125). Column A refers to percentage of women who reported ever heard only after 
probing, while Column B refers to percentage of women who mentioned the method spon

taneously. 
bsased on the 1978 BMS; women are currently married women age 1545 years. The nwnber of 

ever-married and cunently married in the BMS sample are 1,257 and 1,229, respectively. 
The percentage refers to women who mentioned specific methods spontaneously except for 
rhythm, abstinence and withdrawal where respondents were specifically asked regarding their 
awareness of such methods. 

dren born during the period 1973-1977 as reported in the household list. We there
fore obtained these data and compared them with data from the abridged preg

nancy history. These data are shown as Estimated B in Tables 7 and 8. Note that 

the estimated births during the period based on data from the household list are 

higher than those obtained from the abridged pregnancy history. Likewise, for age

speci..Cc marital fertility rates, Estimate B is higher than Estimate A. It would thus 

appear that data from the abridged pregnancy history are unreliable both in terms 

of the age pattern and the level of fertility during 1973-1977. The data from the 

household list would, therefore, be more indicative of the true levels of recent 
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fertility although the levels for the young age group 20-24 and 25-29 in Table 7 
still appear too from what might be expected on the basis of the Philippine age 
pattern. 

Awareness of Family Planning Methods and Source of lnfonnation. Table 
9 presents the percentage distributi9n of women who reported having heard of 
specific methods of contraception and who reported ever use. The data from the 
1978 BMS are compared with data for the Philippines derived from the 1978 
RPFS. For the Philippines, two sets of percentages for ever heard are distinguished: 
column A percentages refer to women reporting ever heard of specific methods only 
after probing, while column B percentages refer to women spontaneously reporting 
awareness of specific methods. The percentages for Bicol, on the other hand, refer 
only to spontaneous reports of specific methods except for rhythm, abstinence and 
withdrawal. For these three methods, interviewers were specifically instructed to 
probe respondents for possible awareness. The more useful information would have 
been the reports of ever heard after probing for each method, since this insures 
comparability of responses among women. Nonetheless the data in Table 9 indicate 
that the level of awareness of specific methods, especially of program methods 
among Bicol women, is lower than the average for the Philippines and suggest the 
need for additional efforts toward providing such information. Table 10 shows 
the percentage distribution of respondents who reported ever heard of specific 
methods by source of information. Note that the role of mass media in providing 
information appears to be surprisingly minimal. Family planning and other govern
ment workers appear to be the major sources of information although private 
doctors and relatives and friends are also important sources. 

Family Planning Practice. Data on ever use and current use of fanilly planning 
methods shown in Tables 9 and 11, respectively, reveal low levels of contraceptive 
use in Bicol compared to the average for the Philippines. In the case of modern 
and more effective methods, i.e., pill, IUD, and sterilization, the current prevalence 
rate for Bicol women is only 7 percent as opposed to 17 percent for the Philippines 
in 1978. Overall contraceptive prevalence rate in 1978 is 32 percent for Bicol and 
48 percent for the. Philippines. 

Data on contraceptive prevalence rates obtained by the Area Fertility Surveys 
shown in Table 12 reveal that Bicol had the lowest rate for all methods among the 
six surveyed regions in the Philippines. The prevalence rate for modern methods 
is only about half or less than those of the other regions. 

Differentials in contraceptive use by selected characteristics of the woman 
are shown in Table 13. As might be expected, greater contraceptive use is found 
among women in urban than in rural areas and among women of higher education 
and higher economic status. It is interesting to note that contraceptive prevalence 
rates are higher in Camarines Sur than in Albay and Sorsogon, and among non
working women than working women. Non-working women, however, tend to use 
mainly the less effective methods. 



Table 10. Percentage Distribution of Currently Married Women Respondents Who Reported Ever Heard of Specific Methods by Source of In

formation, Bicol River Basin, 1 978. 

Modern Program Methods Other Program Methods Non-Program Methods 
Female Male 

Source of Jnfonnation Pill IUD Sten1- Steril- Rhythm Co11dom Abstinence Withdraw al OthersO 
ization iz4ti011 

Family planning 

workers 47.5 46.8 51.4 51.7 46.8 48.9 16.1 44.7 34.8 
Other govenment 

workers 7.2 7.8 6.2 10.1 5.6 6.9 3.6 4.5 11.6 
Mass media 3.7 4.3 4.8 7.9 6.1 3.5 3.6 3.8 8.7 
Private doctors 19.1 18.7 19.2 18.0 18.5 17.3 6.3 9.2 17.4 
Relatives/neighbors/ 

friends 21.8 22.0 16.4 12.4 18.0 22.5 36.6 28.0 20.3 
Others 0.7 0.4 2.1 0.0 5.0 0.9 33.8 9.8 7.2 
Total Percent 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Percent Reporting 

36.1 
b 

9.1 
b 

10.7
b Ever-Heard 57.4 39.6 11.9 7.2 44.8 5.6 

n = 1.229 

a
lncludes foam, diaphragm and folk methods. 

b
Percentage of respondents reporting ever heard only after probing. 
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Table 11. Percentage Distribution of Currently Married Women Age 15-49 Who Are Currently 

Using Specific Contraceptive Methods: Philippines and Bicol, 1978. 

Method Philippines'l Bicofb 

1978 RPFS 1978 BMS 

Modern Program Methods 1 6.6 7.3 

Pill 6. 0 4.4 
IUD 3.1 1. 2 
Female sterilization 6.2 1. 5 
Male sterilization 0.9 0.2 
Other modern methods 0.4 

Other Program Methods 1 6.0 14.2 

Rhythm 11.3 11.2 
Condom 4.7 3.0 

Non-Program Methods 15. 1 1 0.3 

Abstinence 2.4 5.0 
Withdrawal 12.5 4.6 
Other 0.2 0.7 

Total 47. 7 31.8 
Sample Size 6,684 1,229 

aBased on the 1978 RPFS. Data refer to women who were married and living with their hus

bands at the time of the survey, who believed they were physically able to bear more children 

and who were not pregnant at the time of interview. NCSO, et al. (1979, p. 130). 
bBased on the 1978 BMS. Data refer to women who were married and living with tlteir hus

bands. 

The levels of and differentials in contraceptive use in Bicol are bound to be 
related to both the demand for children and to the effective cost of contraception. 
In the subsequent sections, we examine the correlates of both fertility and family 
planning behavior on the basis of the analytical framework described in the next 
section. 

Analytical Framework 

General Framework. A general framework for understanding the dynamics of 
change arising from rural development activities is described below.* The major 
components of this framework include (a) a theory of household or other micro 
unit behavior; (b) the physical, social and economic environment; (c) autonomous 
changes in this environment; and (d) exogenous shocks to this environment arising 
from rural development activities. 

*
The major outlines of this framework were discussed in the Workshop on Fertility 

Impacts of Rural Development and Agricultural Practices: A Search for Linkages, held in 
Bangkok, Thailand on November 21-29, 1979, which the author participated. 



212 Transactions National Academy of Science 

Table 11. Percentage Distribution of Currently Married Women Age 15-49 Who Are Currently 

Using Specific Contraceptive Methods: Philippines and Bicol, 1978. 

Method Philippinesll Bico/b 

1 9 78 RPFS 1 9 78 BMS 

Modern Program Methods 1 6.6 7.3 

Pill 6.0 4.4 
IUD 3. 1 1. 2 
Female sterilization 6.2 1. 5 
Male sterilization 0. 9 0.2 
Other modem methods 0.4 

Other Program Methods 1 6.0 14.2 

Rhythm 11.3 11.2 
Condom 4.7 3. 0 

Non-Program Methods 15.1 10.3 

Abstinence 2. 4 5.0 
Withdrawal 12. 5 4. 6 
Other 0.2 0.7 

Tetal 47.7 31.8 
Sample Size 6,684 1,229 

aBased on the 1978 RPFS. Data refer to women who were married and living with their hus

bands at the time of the survey, who believed they were physically able to bear more children 

and who were not pregnant at the time of interview. NCSO, et al. (1919, p. 130). 
bBased on the 1978 BMS. Data refer to women who were married and living "';th their hus

bands. 

The levels of and differentials in contraceptive use in Bicol are bound to be 
related to both the demand for children and to the effective cost of contraception. 
In the subsequent sections, we examine the correlates of both fertility and fanilly 
planning behavior on the basis of the analytical framework described in the next 
section. 

Analytical Framework 

General Framework. A general framework for understanding the dynamics of 
change arising from rural development activities is described below.* The major 
components of this framework include (a) a theory of household or other micro 
unit behavior; (b) the physical, social and economic environment; (c) autonomous 
changes in this environment; and (d) exogenous shocks to this environment arising 
from rural development activities. 

*The major outlines of this framework were discussed in the Workshop on Fertility 
impacts of Rural Development and Agricultural Practices: A Search for Linkages, held in 
Bangkok, Thailand on November 21-29, 1979, which the author participated. 
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Table 12. Contraceptive Prevalence Rates by Type of Method, Selected Regions: Area Fertility 
Surveys 1978, 1979, 1980. 

REGION 

Method/Year Central Western Northern Metro Southern 
Luzon Visayas Mindanao Manila Tagalog Bico/ 

Modern Program Methods 

1978 13.5 6.7 12.1 21.0 a a 

1979 17.8 9.0 12.6 25.1 18.2 5.6 
1980 20.3 12.0 12.5 26.6 18.8 6.2 

Other Program Methods 

1978 7.6 18.6 13.1 15.9 a a 

1979 10.5 18.5 15.4 16.2 9.8 12.8 
1980 6.7 17.2 14.1 14.7 9.2 11.0 

Non-Program Methods 

1978 9.6 7.5 3.8 6.6 a a 

1979 10.9 7.5 3.0 10.0 6.8 7.1 
1980 7.6 7.4 4.6 8.9 5.6 8.7 

All Methods 

1978 30.7 32.8 29.0 43.5 a a 

1979 39.2 35.0 31.0 51.3 34.8 25.5 
1980 34.6 36.6 31.2 50.2 33.6 25.9 

aNot included in the 1978 survey round. 
SOURCE: Concepcion, M.B. and J.B. Cabigon(1982; Tables 4.6 and 4.7). 
*Rates refer to current contraceptive usc of currently married women age 15-44 years. 

In a general sense, the household or other micro unit, in an attempt to enhance 
its welfare, is viewed as actively responding to a set of opportunities and con
straints in the context of social and cultural decision processes. The physical 
environment includes the natural resources endowments of the corrununity includ
ing risks to production due to natural calamities such as typhoons. The economic 
and social environment, on the other hand, includes among others (a) the structure 
of markets and prices for factors and products, and (b) the social structure and 
social organization which defmes, for example, land tenure status, crop sharing 
arrangements, patterns of family and non-family labor utilization and compensa
tion, and social, economic and political alliances which influence cooperative 
behavior and community participation. Autonomous changes in the environment 
include, for example, changes in international plices for agricultural export crops, 
national trends in prices, technology changes, etc. Another source of shocks to the 
environment is the set of rural development interventions. These interventions 
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Table 13. Percentage of Currently Married Women Age 15-49 Currently Using Contraceptive 

Methods, by Selected Characteristics of the Woman, and by Type of Method, Bicol 

River Basin, 1978. 

Category of Modern Program Other Program Non-Program All 

Woman Methods Methods Methods Methods 

All Women 7.3 14.2 10.3 31.8 

Province 

Camarines Sur 6.0 15.2 13. 6 34.7 
Albay/Sorsogon 9.5 13.0 5.4 28.0 

Location 

Poblacion/Urban 10.5 17.6 13.0 37. 8 
Rural 6.1 9.7 10. 6 29.7 

Education of Woman 

0-7 Years 6.2 9.8 10.6 26. 6 
8+ Years 9.8 22.2 7.7 39.7 

Work Status 

Working 10. 5 5.3 3.1 18.9 
Not Working 2.7 28.0 21.2 51. 9 

Housing Index 

Light 2.7 4.0 3.5 10.2 
Medium/Heavy 12. 9 24. 6 13.4 50.9 

include (a) the provision of physical infrastructures such as roads, irrigation, flood 

control, electrification, etc.; (b) the provision of social infrastructures and services 

in the area of health, education, nutrition, environmental sanitation, and family 
planning; (c) agricultural programs, such as land reform, development of cooper
atives, provision of extension services and rural credit, and of various input sub

sidies and price supports; and (d) industrial development interventions such as tax 
and other incentives, credit and various subsidies to small and large-scale enter
prises. 

In this framework, either sources of change (autonomous shocks or govern
ment interventions) affect the structure of opportunities and constraints facing 
households. These households are then expected to respond to these changes in 

a manner they perceive will improve their present economic and social position. 
Depending upon the nature of the emerging structure of opportunities and con
straints, we may expect a "multiphasic response" from these households in tem1S of 
social, economic and demographic adjustments. 
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Determinants of Fertility and Family Planning Behavior. On the basis of a 
synthesis of the demographic, sociological, psycho-social and economic studies on 
fertility, one can view the determinants of fertility and family planning behavior, 
within the above general framework, as working through one or more of the follow

ing components.* 

.a) the demand for children, N, i.e., the number of surviving children 
parents would want if fertility regulation were costless; 

b) the potential output of surviving children, S. i.e., the number of sur
viving children parents would have if they did not deliberately limit 
fertility; and 

c) the effective cost of fertility regulation, C. 

Given a set of preferences, the demand for children, N, is a function of 
income and the price of children relative to other goods. All things being equal, 
an increase in income increases the demand for children because parents can afford 
more goods including children. However, an increase in income also changes the 
price of children relative to other goods through various ways depending upon the 
nature of the income change. For example, if child bearing and rearing is intensive 
of the mother's time, an increase in income due to an increase in the mother's 
wage rate increases the opportunity cost of children, i.e., the income foregone by 

the mother by spending more time in child bearing and rearing than in the labor 
market. Furthermore, children are valued not only as a "consumption" good but 
also as productive agents and as a source of old age security. Children are. also 
valued as a general source of risk insurance, i.e., insurance against events that 
threaten normal consumption streams. •• The sources of risk may include weather
induced risk which affects agricultural production and the risk to women of substan
tial loss in economic welfare if widowed or if their husbands become seriously 
ill or disabled. Off-farm incomes of children may help maintain consumption 
standards in the face of poor harvests. Likewise, economic welfare of widowed 
women might be maintained with the support of surviving children. An increase 
in income widens the range of investment alternatives for parents, since with 
higher income parents can have more effective access to capital markets, This 
reduces the effective cost of these alternatives. If these investment alternatives 
are substitutes for the economic support to be derived from children, then we 
expect a substitution away from children. 

The number of potential surviving children, (S), depends on natural fertility 
and the probability of infants surviving to adulthood. Natural fertility, that is fer
tility in the absence of voluntary control, is expected to be related to factors affect
ing fecundity, fetal mortality, etc. such as the age and health qf the mother. Infant 
mortality, likewise, is expected to be related to factors affecting the health and 
nutrition of children such as breastfeeding, consumption of goods and services 

*see for example the synthesis provided by Easterlin, et al. (1981). 
**See Cain (1981). 
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and the education of the woman. The factors affecting natural fertility and in
fant survival are in turn affected by household income, such that as incomes rise, 
the potential number of births and the infant survival probabilities increase, leading 
to higher potential numbers of surviving children. 

The motivation to practice fertility control arises when the potential number 
of surviving children exceeds the desired number. The efficiency by which parents 
can practice fertility control which eventually determine their actual completed 
family size, depends upon the attitudes of parents towards fertility control, the 
cost of information and supplies/services of specific contraceptive teclmiques and 
on income. 

How do rural development efforts affect fertility and family planning deci
sions within the simple fran1ework described above? Among other major 
mechanisms, rural development efforts are expected to increase production 
and employment opportunities in the rural areas, thereby increasing the wage 
rates of both husbands and wives. Changes in the wage rates, as we have earlier 
indicated, both have positive effects (pure income effect) and negative effects (price 
effect) on the demand for children, the latter would be expected to be larger in 
the low income setting of Bicol. Ukewise, changes in wage rates would tend to 
increase the potential number of surviving children, as the resulting increase in 
incomes lead to better nutrition and health of mothers and their children. Develop
ment efforts, specifically in the area of health and nutrition, also directly affect 
the potential number of surviving children. 

Where the net effects of all the above changes lead to a greater potential 
relative to desired number of children, the motivation to practice family control 
increases. The higher income of households increases their ability to obtain contra
ceptive information and supplies/services. The family planning program in tum is 
expected to generate more favorable attitudes towards contraception, e.g., by 
eliminating legal barriers to the practice of contraception. Moreover, by increasing 
the flow of information and access to contraceptive supplies and services, the pro
gram reduces the effective cost of contraception, thereby increasing the ability of 
parents to equate their desired and potential number of children. 

Empirical Models. The demographic behavior that we observe are the number 
of births, the number of children who have died, and the use of contraception. 
This section outlines the empirical models for analyzing the correlates of these 
objective indicators. 

Three sets of models will be examined. The first of these views children ever 
born, child deaths and ever use of contraception as jointly determined by common 
set of factors. The model can be written as follows: 

(1) CEB: AGEW, AGEM, EDW, WAGEH, WAGEW,HHASSETS, LOC, RDA 
(2) CDEATH: AGEW, AGEM, EDW, WAGER, WAGEW, HHASSETS, LOC, 

RDA 
(3) EVERUSE: AGEW, AGEM, EDW, WAGEH, WAGEW, HHASSETS, LOC, 

RDA 
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(4) WAGEH: AGEH,EDH, LOC, RDA 
(5) WAGEW: AGEW, EDW,LOC, RDA 

2 17 

The definition and measurement of variables as well as the hypotheses are 
summarized in Table 14. 

The second model views the number of births during the past flve years (or 
past two years) and use of contraception during the respective reference periods as 
jointly determined by common factors, including the number of children already 
born at the beginning of the reference period. This model can be written as follows: 

(6) BIRTHS: AGEW, AGEM, DDW, PPARITY, WAGEH, WAGEW, HHASSETS, 
LOC,RDA 

(7) FPUSE: AGEW, AGEM, EDW, PPARITY, WAGEH, WAGEW, HHASSETS, 
LOC, RDA 

Finally, we consider a third model which looks at current fertility prefer
ence, measured by whether or not the woman wants additional children, and actual 
use of family planning methods. Thus we have 

(8) ADDCHILD: AGEW, AGEM, EDW, LIVINGCHJLD, WAGEH, WAGEW, 
HHASSETS, LOC, RDA 

(9) CFPUSE: AGEW, AGEM, EDW, LIVINGCHJLD, WAGEH, WAGE\V, HHAS
SETS, LOC, RDA 

Both WAGEHand WAGEW are estimated from (4) and (5). 

Regression Results 

Male and Female Wage Rates. As described earlier, rural development efforts 
are expected to effect fertility and family planning behavior either directly through 
increasir.g access to basic services such as health and family planning services, or 
indirectly through their impact on production and employment, and therefore on 
the wage rates of botl1 husbands and wives. We assume that the main impact of the 
rural electrification, irrigation and road network development programs in Bicol 
is through their effect on wage rates. In addition the development of road net
work is expected to facilitate household's access to health and family planning 
services found in the municipal poblacions or cities. 

Table 15 shows the effect of electrffication, irrigation and road network 
development on the wage rates of female respondents and of males 25 years and 
older.* The road network development is proxied by travel time to the poblacion. 
Note that the development variables are indeed significant in explaining wage 
differentials. Specifically, female wage rates tend to rise in irrigated areas, pre
sumably through increased demand for adult labor generated by this more labor 

*The dependent variables are the natural logarithm of the hourly wage rates of females 
respondents IIJld of males 25 years old and over, respectively. 
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Symbols 

Dependent 

1. ADDCHILD 

2. BIRTH 73 (76) 

3. CEB 

4. CDEATH 

5. CFPUSEA 

6. CFPUSEM 

7. EVERUSEA 

8. EVERUSEM 

9. FPUSEA 73 (76) 

10. FPUSEM 73 (76) 

11. WAGEH 
12. WAGEW 

Independent 

T ransactions National Academy of Science 

Table 14. List of Variables and Major Hypotheses 

Definition/Measurement and Hypotheses 

Dummy variable (=1 if the woman reported that she wanted 

additional children at the time of interview; 0 = otherwise). 

Number of children born during the period 1973-1977 
(1976-1977). 
Number of children ever born. 

Reciprocal of the proportion of children surviving of chil

dren ever born. 

Dummy variable (=1 if the woman is using any method 

of contraception at the time of interview; 0 = otherwise). 
Dummy variable (=1 if the woman is using any modern 

method of contraception at the time of interview, i.e., 

pill, IUD, sterilization or injection; 0 =otherwise). 

Dummy variable (=1 if the woman has ever used any family 

planning methods; 0 =otherwise). 

Dummy variable (=1 if the woman has ever used any modem 

method of contraception, i.e., pill, IUD, sterilization or 

injection; 0 = otherwise). 

Dummy variable (=1 if the woman used any family planning 

methods during the period 1972-1977 (1976-77); 0 = other

wise). 
Dummy variable (=1 if the woman used any modern method 

of contraception during the period 1972-1977 (1976-77); 
0 = otherwise). 

Natural logarithm of the hourly wage rate of the husband. 

Natural logarithm of the hourly wage rate of the wife. 

Personal Characteristics 

13. AGEW 

14. AGEWK 

Age of wife in completed years. 

Dummy variable (=1 if the woman age belong to category 

K; 0 = otherwise, where K is coded as 

1 = age 15-24 years 

2 = age 25-29 years 
3 =age 30-34 years 
4 = age 35-3 9 years 

5 = age 4044 years 

6 =age 4549 years 

The number of children ever born is expected to increase 
with age, but the rate of increase declines at older ages due 

to declining fecundity, hence AGEW will have a non-linear 

relationship with CEB. Perception of declining fecundity 

among older women may reduce the need for contraception, 

hence family planning use will be less among older women. 
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Table 14 (Continued) 

Symbols 

15. AGEM 

16. EDW 

17. EDWK 

18. LIVING CHILD 
19. LIVING CHILD K 

20. PPARITY 5(2) 
21. PPARITY 5(2) K 

Dejrnition/Measuremen t and Hypotheses 

AGEW will be positively related to the mean age of children 
and, therefore, negatively related to child survival rates. 
Age at marriage in completed years. Higher age at marriage 
reduces the reproductive life span and is , therefore, expected 
to be negatively related to CEB, but may be positively re

lated to BIRTHS or ADDCHILD, and therefore negatively to 
family planning use, if  women try to catcl1 up with delayed 
fertility. 
Educational attainment of the wife, measured as the highest 
grade of schooling completed in years. 
Dummy variable (=1 if the women's level of educational 
attainment belong to category K; 0 = otherwise, where K is 
coded as 

1 = no schooling or .ftnished up to four years of schooling 
2 = finished 5 to 7 years of schooling 
3 =finished 8 years of schooling or more 

(EDW) = [EDW (5-7), EDW (8+) l 

ln the absence of wage information, EDW proxies for the 
wife's wage rate. The higher the education of the woman, 
the higher the potential wage rate and, therefore, the value of 
her time or opportunity cost of children. Increased education 
also means greater knowledge of family planning methods, 
hence, it will be expected to be positively related to family 
planning use. Increased education increases the health and 
nutrition knowledge of the woman and is, therefore, expect
ed to be negatively related to child dcat11s. 
Number of surviving children at time of interview. 
Dummy variable (=1 if belong to category K and 0 = other

wise, where K is coded as 

1 = 0-2 living children 
2 = 34 living children 
3 = 5-6 living children 
4 = 7 or more living children 

(LIVING CHILD)= (LIVING CHILD (34), LMNG CHILD 
(5-6), LIVING CHILD (7+)) 

The larger the number of living children the woman already 
has, the less likely she will want additional cllildren and more 
likely she will practice family planning. 
Number of children ever born prior to 1973 (1976). 
Dummy variable (=1 if in category K, 0 = otherwise; where K 
is coded as 

1 = 0-2 children born prior to 1973 (1976) 
2 = 34 children born prior to 1973 (1976) 
3 = 5-6 children born prior to 1973 (1976) 
4 = 7 or more children born prior to 1973 (1976) 
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Table 14 (Continued) 

Symbols 

22. PLIVINGCHILD 73 (76) 
23. PLIVINGCHILD 73 (76) 

Household Characteristics 
24. WAGEH (WAGEW) 

25. HOUSE 

Definition/Me asurement and Hypotheses 

(PPARITY) = [PPARITY (34), P PARITY (S-6), PPARITY 
(7+)) 

The higher the PPARITY, the closer is the woman to her 
desired fertility and hence the less likely she will have more 
additions to current stock, and more likely to practice 
contraception. 
Number of surviving children prior to 1973 (1976). 
Dummy variable (=1 if in category K, 0 = otherwise; whe.re 
K is coded as 

1 = 0-2 living children prior to 1973 (1976) 
2 = 34 living children prior to 1973 (1976) 
3 =5-6 living children prior to 1973 (1976) 
4 = 7+ living children prior to 1973 (1976) 

(PLIVINGCHILD) = [PLIVINGCHILD (34), 
PLIVINGCHILD (5-6), 
PLIVINGCHILD (7+)] 

The higher the PLIVINGCHILD previous to the reference 
period, the less the additional number of births and the 
greater the use of contraception during the reference period. 

Natural logarithm of the hourly wage rate of the husband 
(wife) predicted from husband's (wife's) background charac
teristics, locational characjeristics and rural development 
indicators. An increase in W AGE H  and W AGEW are expected 
on balance to reduce the dependence on children as pro
ductive agents, old age security and risk insurance, while an 

increase in WAGEW is expected on balance to increase the 
value of time of the mother. Both variables are expected 
to be negatively related to fertility and positively to family 
planning practi�. 

Moreover, an increase in both will tend to reduce 
CDEATH due to greater health and nutrition consumption 
possibilities, hence both wage variables will be negatively 
related to CDEATH. 
Dummy variable {=1 if the house is made of light construc
tion materials; 0 = otherwise). In the absence of wage in
formation, this variable proxies for the husband's wage rates, 
which determines the largest component of household in
comes, the value of children as productive agents, old age 
security and risk insurance will tend to be higher, leading 
to a greater demand for children. HOUSE is expected to be 
positively related to fertility and negatively to family plan
ning use. Additionally, HOUSE is expected to be positively 
related to CDEATH due to the effect of income constraints 
on health and nutrition of children. 
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Table 14 (Continued) 

Symbols 

26. OWNIIOUSE 

27. OWNLAND 

Locational Characteristics 

28. LOC 

29. PROV 

30. RESBGY 

31. RDA 

32. AELEC 

33. IRRIG 

34. TRA VELPOB 

Definition/Measurement and Hypotheses 

Dummy variable (=1 if the household own the house; 0 = 
otherwise). 
Dummy variable (=1 if the household own agricultural land; 
0 = otherwise). Both OWNHOUSE and OWNLAND proxy 

for hous ehold productive assets which determine the house
hold's non-labor inco me. Both are expected to be positively 
related to fertility, and negatively to family planning and 
child deaths, 

Location variable (=1 if t11e barangay is located inK and 0 = 
otherwise, where K is r.oded as 

CITY- urban (city) 
PO BLACION = municipal poblacion 
RURAL =rural barangay 

(LOC) = (MUN POBLACION, RURAL) 

Location reflects access to economic and social services 
related to health, family planning and high wage tlrnploy
ment, hence, wage rate.s will tend to be higher in cities 
than in either poblacion or rural barangays, Fertility and 
child death s  are expected to be lower in cities than in pobla
cions or rural barangays, but conversely for fantily planning 
usc. 
Province (= 1 if in province K, and 0 = otherwise, where K is 
coded as 

1 = Sorsogon 
2 = Albay 
3 = Canlarines Sur 

(PROV) = (ALBAY, CAM SUR) 
Lengtl1 of residence in barangay (=1 if household head has 
resided in barangay for 5 years or more; 0 = otherwise ) . 
This is a control variable for length of exposure to the 
com munity environment and to the rural development 
activitie in the community. 
Rural development activities arc proxicd by AELEC, IRRIG 
and TRAVELPO B. 
Dummy variable (=1 if the barangay is electrified;O =other
wise ) . 

Dummy variable (=1 if the barangay has irrigation facilities; 
0 =otherwise) . 

Travel time in minutes from the rural barangay to the muni
cipal poblacion. 

Rural electrification, the provision of irrigation facilities and 
the development of road networks are expected to increase 
empl'lyment oppo rtunities, and hence wage rates, which in 
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intensive agricultural technology. Similarly, male wage rates tend to rise in irrigated 
areas, in areas with better road network and to some extent in electrified areas, 
after controlling for personal characteristics and location of residence. It appears 
therefore that rural development efforts in Bicol have had a significant impact on 
the income generating potentials of individuals and households. Exogenous changes 
in wage rates in turn influence fertility, family planning and other aspects of 
household decisions as revealed by the regression results below. 

Ozildren Ever Born and Ever Use of Family Planning Methods. Table !6 
presents the regression results on children ever born (CEB), child deaths (CDEATH), 
and ever use of family planning methods (EVERUSEA and EVERUSEM). In this 
single period framework, the dependent variables are jointly determined by a com
mon set of exogenous factors. This statistical approach was adopted to eliminate 
simultaneity bias with respect to the relationships between CEB and CDEATH and 
between CEB and EVERUSEA or EVERUSEM. The sample includes married wo
men age 1549 years, currently living with their husbands who in turn are the 
household heads. The wage rates of the wife and of the husband are predicted on 
the basis of the relationships shown in Table 15. The results in Table 16 may be 
summarized as follows: 

( 1) We expected both wage rate variables to be negatively related to children 
ever born, CEB, and child deaths, CDEATH, and to be negatively related to the 
two alternative measures of ever use of family planning methods, EVERUSEA 
and EVERUSEM. The results reveal that only the wage rate of the wife, WAGEW, 
is significantly related to CEB, while only the wage rate of the husband, WAGEH, 
is significantly related to CDEATH and EVERUSEA or EVERUSEM. 

(2) We expected the effect of non-labor incomes proxied by OWNHOUSE 
and OWNLAND to be positively related to CEB and negatively related to CDEATH 
and EVERUSEA or EVERUSEM. The results reveal only OWNHOUSE is signi
ficantly with respect to CEB. 

(3) CEB increases with age of woman, AGEW, but increases more slowly at 
older ages reflecting declining fecundity. It would also reflect underenumeration 
of children ever born by older women. AGEW was expected to be positively re
lated to CDEATH since AGEW reflect the exposure of children to the risks of 
mortality, that is, children of older women are expected to be older on the average 
than the children of younger women. AGEW however is not significantly related to 
CDEATH except in one age group, and suggest the presence of reporting error on 
the part of older women who might have tended to report only surviving children. 

The ever use of family planning methods declines significantly at older ages 
as expected. 

(4) Age at marriage, AGEM, is significantly related with lower children ever 
born as expected. It is likewise negatively related to CDEATH and EVERUSEA. 

(5) The educational attainment of the wife, EDW, is negatively related to 
CEB and positively related to everuse of family planning as expected. Since the 
value of time aspect of education is already captured in the WAGEW variable, the 
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education of the wife is here interpreted as reflecting aspirations for different 
lifestyles that compete with large number of children in the case of its relation 
with CEB, and greater knowledge and more favorable attitudes toward family 
planning methods in case of its relation with EVERUSEA and EVERUSEM. We 
also expected EDW to be negatively related with CDEATH, however, the relation
ship is not significant. 

(6) Households who have resided on the barangay for five yeais or more, 
RESBGY {5+), tend to have larger CEB and practice more modern contraception 
than recent residents. The greater practice of contraception among the longer 
time residents can be interpreted as a response to their higher fertility compared 
to recent residents. 

{7) Controlling for personal and household characteristics, we expect area 
of residence to reflect differentials in access to health and family planning services 
and such differentials in turn will affect fertility, child mortality and family plan
ning use . We expect a gradient of low to high fertility as one moves from city 
to poblacion to rural barangays, and conversely for child mortality and family 
planning use . The results of our regressions, however, do not exhibit consistent 
patterns of areal differentials, except that CDEATH increases the farther the rural 
barangay is to the municipal poblacion as expected . The use of family planning 
methods tends to be higher in rural areas than in the city or poblacion contrary to 
expectations. One possible explanation for this contrary finding might be related to 
reporting errors on the part of rural respondents who might feel more intimidated 
regarding questions on family planning and therefore would tend to give false 
reports of ever use. On the other hand, rural women may indeed use more family 
planning methods than their poblacion or city counterparts if family pla1ming 
workers personally visit rural women more than they do poblacion or city women 
to encourage use of contraception . Note that the data on Table 1 3  showing higher 
contraceptive use among poblacion/urban women than rural women do not control 
for other factors, and hence the fmdings in Table 1 3  are not necessarily inconsistent 
with our regression results. Finally, note that contraceptive use in Albay is much 
lower than in Camarines Sur and Sorsogon. 

Table 1 7  provides an alternative specification whereby the wage variables 
are substituted by the developmental variables, AELEC and IRRIG. Additionally , 
HOUSE can be looked upon as an indicator of household income. Note that 
HOUSE is consistently significant and in the expected direction in its relation 
with CEB, CDEATH, EVERUSEA and EVERUSEM , that is, poorer households 
tend to have more children, experience higher child mortality , and use less con
traception than better-off households. Poverty is clearly related to the demographic 
behavior of households. 

Fertility and Family Planning Practice in the Past Five Years. The effects of 
rural development activities in Bicol could be more properly assessed in tcnns of 
their effects on current or more recent demographic behavior. The time dimension 
is obviously important. One cannot properly infer that rural development activities 



Table 16. Regression on Childem Ever Born, Child Deaths and Ever Use of Family Planning Methods, Bicol River Basin, 1978 .  

Variables Mean° cEii CDEATHb EYER USEA b EYER USE� 

AGEW ( 25 · 29) 0 . 165 1. 35 1***  - 0 . 0 33 0 . 16 0** *  0 . 1 35 * * *  

( 0. 37 1 )  (5. 279) ( - 1 . 074) ( 2.864) ( 2.777)  :I: 
AGEW ( 30- 34) 0 . 215 2.7 24 ** * 0 . 0 04 0. 148* ** 0 . 185 * * *  G ... 

( 0 .4 11) ( 10 .5 37) ( 0 . 136) ( 2.6 39) ( 3.78 1) :::!. 
.? 

AGEW ( 35· 39) 0 . 18 3  4. 28 1  *** 0 . 0 33 0 . 0 9 3  0 . 130 ** "' ., 

( 0 . 387) ( 15 .7 20) ( 1. 0 04) ( 1.567) ( 2.5 28) � 

AGEW (40-44) 0. 17 2  5.7 11"'*"' 0 . 055* 0 . 0 76 0 . 065 § .... 
'< 

( 0 . 377) ( 2 0 .68 1 )  ( 1.65 3) ( 1. 25 7) ( 1. 24 2) § 
AGEW (45-49) 0 . 167 5 .9 1 9** *  0 . 0 2 1 - 0. 148 ** - 0 . 079 Q. 

( 0 . 37 3) ( 20 .76 1) ( 0.6 0 3) ( -2. 38 0) ( - 1.465) ., 

3 EDW (5·7) 0 .498 - 0. 099 - 0. 0 26 0 . 09 3** 0 . 0 36 1::: 
( 0 .5 0 0) ( - 0 .564) ( - 1. 20 5) ( 2.44 3) ( 1. 07 2) '< 

"t) 
EDW (8+) 0 . 247 - 0.65 2** - 0 . 0 0 7 0 . 2 29 ***  0 . 094* li> 

0 
( 0 .4 32) ( - 2. 344) ( - 0 . 21 2) ( 3.776) ( 1.777) :::1 

s· 
AGEM 20 .698 - 0 . 0 9 1 *** - 0 . 0 0 2* - 0. 0 0 5 * *  - 0 . 0 0 2 00 

(6.69 1) (·9.544) ( - 1.665) ( - 2. 2 02) ( - 0 .9 0 2) s· 
tlO 

OWNHOUSE 0 .9 0 8  0.4 20 * - 0 . 0 06 - 0 . 045 - 0 . 05 3 c=;-
( 0 . 289) ( 1.876) ( - 0 . 229) ( - 0 . 9 30) (- 1. 249) g_ 

OWNLAND 0 . 129 0 . 245 - 0 . 0 13 - 0 .5 2 - 0 . 0 21 � 
( 0 . 335) ( 1. 265 ) ( - 0 .54 0) ( - 1. 24 1) ( - 0 .58 2) � 

RESBGY (5+) 0 .77 3 0.74 1 .. . .  0. 0 2 0 0. 0 32 0 . 0 74* * tlO 
.. 
"' 

( 0 .4 19) (4 .4 38) ( 0 .975) ( 0 .88 0 )  ( 2. 35 2) s· 
MUN POBLACION 0 . 146 -Q.6 0 0  0. 0 32 0 . 06 1 0 . 095* 

( 0 . 354) ( - 2. 287) ( 1. 0 2 1) ( 1 . 07 0) ( 1.91 0)  
RURAL 0 . 7 12 - 0 . 085 0 . 0 1 8  0 . 206 *** 0 . 1 2 1  ** 

( 0 .45 3) ( - 0 . 339) ( 0 .586) ( 3. 784) ( 2.559) 
RURAL x TRAVELPOB 45.785 0 . 0 0 0 1  - 0 . 0 0 0 2* - 0 . 0 00 2  - 0 . 0 0 04 * 

(69. 18 1) ( 0 . 1 00) ( - 1.699) ( - 0 .95 0 ) ( - 1. 7 22) N 
N 
V\ 



T able 16 (Co nt inued) 

Variables 

CAM SU R 

ALBAY 

WAGEW 

WAGEH 

Co ns tant 
R:2 

F 
n 

Me an 

Std .  Dcv . 

a
St and ard dev iatio n  in p ar e n  thes is .  

b
t -v al ue in p are nt hes is .  

Meana C£Bb 

0.602 -0.050 

(0.490) ( -0. 262) 

0. 25 7  -0.3 35 

(0.437) ( -1 .567) 

-0.099 -0.723 ** 

(0.445) ( - 2. 521) 

0.456 0.212 

(0. 328) (0 . 5 36) 

3. 3 1 2  

0.538 

77.891 

1 , 1 8 8  

5 .675 

3.1 3 1  

• * * * * *Sig nif icant at t he 0.10, 0.05 and 0.01 leve 1s ,  res pe ctively . 

CDEA THb EVERUSEA b 

0.031 -0.026 

(1 .349) ( -0.641) 
0.002 -0. 162* * *  

(0.084) ( -3.469) 

-0.01 1  -0.013 

( -0.3 22) (-0.21 1) 

-0.093* 0.370* * *  

(-1.943) (4.294) 

1 . 1 80 0 . 1 79 

0.0 1 7  0.141 

2.144 1 1. 842 

1,1 8 8  1 , 1 8 8  

1.133 0.486 

0.259 0.500 

T able 1 7 .  Re gress io n  o n  Childre n Ever Bor n,  Child De aths and E ver U se of Fam ily Pl anning Me thods , B icol R iver B as in ,  197 8. 

Variables Mean a CEab CDEA TFI EVERUSEA b 

AGEW (25-29) 0.165 1.363 * * *  -0.033 0.169* * *  

(0. 3 71) (5 . 334) (-1 .0 6 2) (3.035) 

AGEW (30-34) 0.215 2.744* * *  -0.001 0.181 . . .  

(0.41 1) (10 . 797) (-0.044) (3. 26 2) 

N 
N 
0"1 -

EVERUSEMb 

-0.036 

( -0.999) 

-0.05 3 
( - 1.299) 

0.014 

(0.25 1) ...; 
0.125* j;:l 

:::1 
(1.669) "' 

� 
0.026 -

c;· 
0.07 8 :::1 "' 
6.549 z ., 
1 ,188 g. 

0.228 :::1 
e:. 

0.420 > 
0 ., 
"" ... 
3 

'< 
0 ...., 
en 

�-
:::1 
0 
C> 

EVER USE� 

0.136* * *  

(2.802) 

0.192* * *  

(4 .001) 



Table 1 7  (Continued) 

Variables Meana CEBb CDEA THb EVERUSEA b EVERUSEM'J 

AGEW (35-39) 0. 1 83 4.304 * * *  0.028 0. 1 28** 0. 1 3 9* * *  

(0. 387) ( 1 6 . 1 3 1 )  (0.87 1 )  (2 . 208) (2.746) 
AGEW (4044) 0. 1 72 5 .7 3 3 * * *  0.049 0. 1 14 * 0.074 !l: 

<> 
(0.377) (2 1 . 220) ( 1 .503) (1 .93 7) ( 1 .45 2) 

�-AGEW (4549) 0 . 1 6 7  5 .925 * * *  O.D l 7  -0.1 1 2* -0.0 7 1  
(0.373) ( 2 1 . 200) (0.492) ( - 1 .842) ( - 1 .340) ., 

.. 
EDW (5-7) 0.498 0.275 * -0.29 0. 1 05 * * *  0.04 3 a. 

s: (0.500) (-1 .748) ( - 1 .546) (3.066) ( 1 .4 39) '< 
EDW (8+) 0.247 - 1 . 1 1 5 ** * -0.020 0.264 * * *  0 . 1 1 3* * * � 

(0.432) (-5.745) (-0.849) (6.222)  ( 3.074) 
"" 
., 

AGEM 20.698 -0.092* * *  -0.002* -0.005 ** -0.002 
[ (6.6 9 1 )  (-9.697) (- 1 .64 1 )  (-2.236) (-0.929) '< 

HOUSE (Light) 0.608 0.260* 0.05 1 * * *  -0. 1 21 * * *  -0.055 * * "'I 

(0.488) (1 .84 3) ( 3 .032) (-3.9 1 9) (-2 .0 74) 

r. OWNHOUSE 0.908 0.3 75 * -0.0 1 0  -0.039 -0.045 
(0.289) ( 1 .660) (-0.33 1 ) (-0.792) (- 1 .0 6 1 )  

"" s· 
OWN LAND 0 . 1 28 0.258 -0.0 1 1 - 0.069* -0.026 = 

(0.3 35) (1 . 328) (-0.488) (- 1 .6 3 8) (-0.720) rr 

� 
RESBGY (5+) 0.77 3  0.734 ** * 0.02 1  0.037 0.077 ** , 

(0.4 1 9) (4.400) ( 1 .028) ( 1 .0 1 6) (2.429) <· <> 
MUN POBLACION 0.146 -0.3 27 0.05 1 * 0.0 1 5  0.069 

... 
= 

(0.354) (- 1 .35 1 )  ( 1 .763) (0.280) (1 .498) .. 

RURAL 0.7 1 2  0 . 1 67 0.057* *  0.066 0.069* 5· 
(0.45 3) (0.833) (2.386) ( 1 .5 1 3) ( 1 .82 3) 

RURAL x TRA VELPOB 45.785 -0.002 -0.0002 -0.001 ** -0.0004 ** 
(69. 1 8 1 )  (-0.204) ( - 1 .295) ( - 2.307) (-2.204) 

AELEC 0. 376 0.048 -0.0 1 8  0.044 0.029 
(0.485) (0. 3 1 8) (-0.983) (1 .346) ( 1 .034) 

.,., 
IRRIG 0.546 -0.201 -0.029* O.o i 8  0.005 .,., 

-..J 



Table 1 7  (Continued) 

Variables 

CAM SUR 

ALBAY 

Constant 
R.2 
F 
N 
Mean 
Std. Dev. 

aStandard deviation in parenthesis. 
bt-value in parenthesis. 

Meanfl 

(0.498) 
0.602 

(0.490) 
0.257 

(0.4 37) 

CEBb 

(- 1 .547) 
- 0 . 1 00 

(-0.520) 
-0.4 1 8 * 

(- 1 .923) 

3.5 26 
0.537 

73 .598 
1 , 1 89 
5 ,675 
3 , 1 3 1  

"' " * * * *Significant at the 0. 1 0, 0.05 and 0.01 levels, respectively. 

CDEA THb 

(- 1 .869) 
0.025 

(I .086) 
-0.0 1 2  

(- 0.476) 

1 . 1 14 
0.022 
2,433  
1 , 1 89 
1 , 1 33 
0.259 

N 
N 
00 

EVER USEA b EVERUSEMb 

(0.649) (0.206) 
-0.004 -0.027 

(-0.087) (-0.728) 
- 0 . 128 ***  -0.038 

(-2.700) (-0.93 2) 
o-j .... 

0.446 0. 1 1 5  § 
0. 1 36 O.D78 

"' 
� 

1 0.875 6.275 ::::. 
0 

1 , 1 89 1 , 1 89 � 

0.486 0.228 z 
., 

0.500 0.420 ::::. 
0 
::s 
e. 
> 
� 
Q. 
('0 
3 

'< 
0 
...., 
Cll 
(') cc· :::> (') 
('0 
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influence behavior that have occurred in the past prior to the period where the 
cumulative impacts of such rural development activities can be felt and observed. 
Our previous discussion o� the determinants of children ever born should therefore 
be interpreted in this light. Childbearing decisions among older women in the early 
part of their reproductive life cycle may not be related to changes brought about by 
recent rural development activities. 

The correlates of recent demographic behavior can be examined from Tables 
1 8  and 1 9  for the period 1 973- 1977, and from Tables 22 and 23 for the period 
1976-1 977 .  We first present the results of the regression on births and family plan
ning practice during the period 1 973-1 977 .  The sam pie of currently married women 
age 1 5 -49 years with husband present was further restricted to include only women 
who were married prior to 1 973. Births during the period 1 973-1977 are based 
on data from the household list and not from the abridged pregnancy history, 
since the former appear to be more reasonable than the latter in terms of reliability 
and accuracy, as described earlier. Correspondingly , the use of family planning me
thods refers to reported ever use from the period 1972-1 973 through 1976-1 977 
for which data was collected and coded . Since the reported fertility of the youngest 
age group of women appear to be too low relative to what might be expected , we 
excluded this group from the sample . The results in Table 1 8  are highlighted below. 

( 1 )  The exogenous increase in the husband's wage rate, WAGEH partly 
due to the effects of rural development activities in the area, significantly reduces 
births during the recent five-year period , BIRTHS73, and increases the use of 
contraceptive methods, FPUSEA73, during this period . The Coefficient of WAGEW* 
however is not significant for BlRTHS73 and FPUSEA73,  but is significant for 
FPUSEM73, while the coefficient of WAGEH* is not significant for FPUSEM73. 

(2) TI1e coefficient of OWNHOUSE on BI RTHS73 is signit1cant and positive 
indicating the expected positive wealth effect of non-labor incomes on current 
fertility. 

(3) The age of the woman reckoned in terms of her approximate age at the 
beginning of the reference period, ACEW73 (i .e . ,  displaced five years from age at 
interview) is negatively related both with BIRTHS73 and with FPUSEA73 and 
FPUSEM73 as expected . 

(4) The educational attainment of the woman is negatively related to 
BIRTHS76 and positively related to FPUSEA76 as expected . Its relationship with 
FPUSEM76, however, is not signit1cant. 

(5) Age at maniage , AGEM, is positively related with BIRTHS73 as might 
be expected if women who marry late tend to catch up on their fertility in the 
current period . They will therefore be observed to have higher current fertility, 
although as we have observed earlier, AGEM will eventually be negatively associated 
with the total number of children ever born. We expect AGEM to be negatively 
related to family planning u se .  The positive coefficient of AGEM on FPUSEA76 
is therefore unexpected and may be capturing other variables related to AGEM 
but positively related to family planning use, i.e ., more favorable attitude toward 
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Table 1 8 .  Regression on Fertility and Family Planning Practice During the 1 97 3- 1 97 7  Period, 
Bicol River Basin, 1 978 . 

Variables Meana BIRTH73b FPUSEA 73b FPUSEM73b 

AGEW73 (25-29) 0.24 1 - 0. 3 1 2* * *  --0.079 0.065 
(0.428) ( -2.856) (- 1 .4 1 3) ( 1 .377) 

AGEW73 (30-34) 0.2 1 5  -0.685 * * *  -0.2 1 9***  -0.05 2 
(0.4 1 1) (-5 . 3 7 1 )  ( -3.304) ( -0.93 2) 

AGEW73 (35-39) 0.205 - 1 .239** *  -0. 246* ** -0 . 1 3 1 * *  
(0.404) (-8.7 1 8) ( -3.374) (-2 . 1 29) 

AGEW73 (40-44) 0.20 1 -2.02 1 * * * -0.485 * * *  -0.254* * *  
(0.40 1 )  ( - 1 3.464) (-6.291) (-3.905) 

EDW (5-7) 0.485 0.007 0.068* 0.022 
(0.500) (0.083) ( 1 .675) (0.639) 

EDW (8+) 0.232 0.290 0 . 168 0 .055 
(0.423) {-2.253) (2.547) (0.984) 

AGEM 20.238 0.04 1 * * *  0.008* 0.004 
(4. 2 1 0) \4.850) ( 1 . 825) ( 1 . 1 33) 

OWNHOUSE 0.920 0.25 3* * 0.0 1 0  -0.044 
(0.271)  (2.275) (0. 1 68) ( -0.91 4) 

OWNLAND 0. 1 26 -0. 1 2 3  -0.008 0.01 8  
(0.332) ( - 1 .362) (-0. 1 77) (0.469) 

MUN POBLACION 0. 156 -0.284* *  0.042 0. 1 08 
(0,363) ( -2.365) (0.67 7) (2 .07 8) 

RURAL 0.705 -0.160 0.207 * . .  0. 1 5 8* * *  
(0.456) ( - 1 . 369) ( 3.45 1) ( 3 . 1 37) 

RURAL x TRAVELPOB 45 .221  -0.00 1 -0.0002 -0.001 * * *  
(70.745) ( - 1 .028) (-0.7 1 9) ( -2 .6 1 5) 

RESBGY (5+) 0.862 - 0. 1 04 0.003 0.047 
(0.345) ( - 1 . 1 99) (0.064) ( 1 .265) 

CAM SUR 0.599 0.086 -0.005 -0.04 1 
(0.490) (0.985) (-0. 1 1 0) ( -0.08 1) 

ALDAY 0.255 0.034 -0.148* * *  -0.089* "'  
(0.436) (0.343) (- 2.946) ( -2.1 03) 

PPARITY 73 (3-4) 0.240 -0. 1 00 0.093"' 0 .004 
(0.427) ( - 1 . 1 7 3) ( 1 .920) (0.1 06) 

PP ARITY 7 3  (5-6) 0.202 0.204* 0. 1 35 "'*  0.044 
(0.402) ( 1 .780) (2 .301)  (0.896) 

PPARITY73 (7+) 0 .3 15  0.437* * *  0. 1 73* * *  0. 1 1 0* *  
(0.465) (3 .39 1) (2.604) ( 1 .970) 

WAGEW -0. 1 00 0.0 1 7  0.085 0 . 1 02* 
(0.45 3) (0. 1 32) ( 1 .248) ( 1 .790) 

WAGEH 0.481  -0.535 * * *  0. 3 15 * ** 0.080 
(0.326) ( -2.894) (3 .3 1 7) (0. 162) 

Constant 1 .633 0.052 0.067 R:2 0.322 0 . 145 0 .069 
F 24.293 9. 3 15 4.650 
n 981 98 1 98 1 
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Table 1 8  (Continued) 

Variables Meanll BIRTH 7Jb FPUSEA 7Jb FPUSEftf7Jb 

Mean 
Std. Dev. 

astandard deviation in parenthesis. 
bt-valuc in ,paren thesis. 

1 .4 1 7  
1 .083 

• ** • • •significant at the 0. 1 0, 0.05 and 0.0 1 levcls, respectively. 

0.43 1 
0.495 

0.200 
0.400 

Table 1 9. Regression on Fertility and Family Planning Practice During the 1 97 3- 1 977 Period,  
Bicol River Basin, 1 978.  

Variables Meana BIRTH7Jb FPUSEA 7Jb FPUSEM73b 

AGEW73 (25-29) 0.24 1 -0.338* * *  -0.06 1 0.065 
(0.428) ( - 3. 1 1 6) (- 1 .085) ( 1 .3 7  5) 

AGEW73 (30-34) 0. 2 1 5  -0.700* * *  -0.207* * *  -0.054 
(0.4 1 1 ) ( -5 .538) (-3. 14 1 )  ( -0.978) 

AGEW73 (35-39) 0. 205 - 1 .262** * - 0. 2 36 * ** -0. 1 3 3* *  
(0.404) ( -8.92 1 )  ( -3.239) ( - 2 . 1 7 3) 

AGf.W73 (40-44) 0.20 1 - 2 .035* * *  -0.476 * ** -0.254* * *  
·(0.40 1 ) ( - 1 3. 6 1 9) ( -6. 1 90) ( - 3.923) 

EDW (5-7) 0.485 -0.004 0. 1 08* * *  0.048 
(0.500) ( -0.06 1 )  (2.980) ( 1 .587) 

EDW {8+) 0.232 -0.338• • •  0.268* * *  0. 1 20• • •  

(0.423) ( -3 . 730) (5.7 37) (3.059) 
GEM 20.238 0.040• • •  0.0 1 0* *  0.005 

(4.2 1 0) (4.728) ( 2. 3 1 4) ( 1 .385) 
OWN HOUSE 0.920 0.255 ** 0.007 -0.036 

(0.27 1 )  (2.292) (0. 1 25)  ( -0.75 2) 
OWNLAND 0. 1 26 -0. 1 2 1  -0.033 0.0 1 3  

(0.332) ( - 1 . 3 36) (-0. 7 1 7) (0.334) 
MU N POBLAClON 0 . 1 5 6  -0. 199* -0.028 0.064 

(0.363) ( - 1 . 806) (-0.486) ( 1 .33 1 )  
RU RAL 0.705 0.025 0.032 0. 1 05 * * *  

(0.456) (0.265) (0.662) ( 2 .6 1 1 ) 
R RAL x TRAV ELPOB 45 . 2 2 1  -0.000 1 -o.ooo5 • •  -0.00 1 * *• 

(70.745) ( -0.287) (- 2.05 1 }  ( -2.75 9) 
R ESBGY (5+) 0.85 2 - 0. 1 1 0 0.007 0.050 

(0.345) ( - 1 . 277) (0. 1 6 1 )  ( 1 .3 35) 
CAM SUR 0.599 0.074 0.032 -0.027 

(0.490) (0.833) (0.704) ( -0.703) 
LBAY 0.255 -0.0 1 3  -0.099* -0.07 1 * 

(0.436) (-0. 1 33 )  ( - 1 .94 1 )  (-1 .645) 
PPARITY (3-4) 0.240 -0. 1 2 1  0.092* 0.005 

(0.427) ( - 1 .283) ( 1 .900) ( 1 0. 1 20) 
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Table 1 9  (Continued) 

Variables 

PPARITY (5-6) 

PPARITY (7+) 

AELEC 

lRRlG 

HOUSE 

Constant 
R:2 
F 
II 

Mean 
Std. Dev. 

Meana 

0.202 
(0.402) 
0.3 1 5  

t0.465) 
0.39 1 

(0.488) 
0.545 

(0.498) 
0.584 

(0.493) 

astandard deviation in parenthesis. 
bt-value in parenthesis. 

BIRTH7Jb FPUSEA 73b 

0. 1 84 0. 1 42* *  
( 1 .6 1 0) (2.405) 
0.4 1 4* * *  0. 1 89* * *  

(3 .214) (2.858) 
-0. 15 1 • •  -0.0 1 9  

( -2. 1 93) ( -0.533) 
-0. 1 3 1 * *  0.058* 

( -2.205) ( 1 .900) 
0 .16 1 * *  -0. 1 46* ** 

(2.5 1 1) ( -4.4 13) 

1 .344 0.269 
0.325 0. 1 44 

23.444 8.879 
98 1 981  

0.431  0.43 1 
0.495 0.495 

* ** * * *Significant at the 0 . 10, 0.05 and 0.01 1evcls, respectively . 

FPUSEM JJb 

0.044 
(0.888) 
0. 1 1 3* *  

( 2.01 7) 
-0.005 

( -0. 157) 
0.026 

( 1 .0 1 8) 
-0.05 9*"' 

(-2. 1 30) 

0.06 1  
0.069 
4.46 3 

981 
0.200 

-0.400 

contraception arising from experiences prior to marriage , such experiences may 
include labor force participation. 

(6) The areal variables tend to exhibit the same inconsistent pattern as 

revealed earlier, e .g.,  family planning use tend to be higher in the rural barangays 
than in the city/poblacion. However, we note that the practice of modem family 
planning methods declines with distance from the poblacion. Finally, women in 
Albay tend to practice less contraception than their counterparts in Camarines 
Sur and Sorsogon . 

(7) Of great interest is the relationship between past fertility on the one 
hand, and current fertility and current family planning behavior on the other. 
One would expect that women with higher munber of children at the beginning 
of the reference period would tend to have less births during this period, since 
these women would already be close to achieving their desired fertility. Con
sequently, they are expected to use family planning methods more than t11eir 
lower previous fertility counterparts. 

The results of the regression, however, show that women with higher number 
of children, PPARITY73, at the beginning of the reference period tended to have 
more births during the interval 1973- 1 977.  On the other hand, PPARITY73 is 
positively related to family planning use, FPUSEA73 and FPUSEM73 , respectively . 
What might explain these apparent inconsistencies? Several hypotheses may be 
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Table 20. Regression on Fertility and Family Planning Practice During the 1973- 1 97 7  Period, 
Bicol River Basin, 1 978. 

Variables Meana BIR TH73b FPUSEA 73b FPUSt.M7Jb 

AG EW73 (25-29) 0.24 1 -0.339* * *  -0.080 0.055 
(0.428) (-3. 1 95) ( - 1 .466) ( 1 .200) 

AGEW73 (30-34) 0.2 1 5  -0.666* * *  -0.2 2 t •••  -0.060 
(0.4 1 1 ) ( -5 .4 1 1 )  (-3.509) ( -1 . 1 36) 

AGEW73 (35-39) 0.205 - 1 .2 1 8* * *  -0.250•••  -0. 1 3 7 ** 
(0.404) ( -9.026) (- 3.6 1 2) ( -2.354) 

AGEW73 (40-44) 0.201 -2.005 * * *  -0.490··· -0.25 9* * *  
(0.40 1 )  ( - 1 3.976) ( -6.675) ( -4 . 186) 

ow (5-7) 0.485 0.0 1 7  0.069* 0.022 
(0.500) (0.205) ( 1 .691 )  (0.65 1 )  

EDW (8+) 0.232 -0.280* *  0. 1 67 * *  0.054 
(0.423) (-2.1 78) (2.5 38) (0.978) 

AGEM 20. 238 0.040* * *  0.008* 0.004 
(4. 2 1 0) (4.794) ( 1 .946) ( 1 .2 1 0) 

0\VNHO SE 0.920 0.246* *  0.009 -O.Q47 
(0.271)  (2.207) (0. 1 59) (-0.98 1) 

OWN LAND 0. 126 -0. 1 26 -0.008 O.Q l 8  
(0.332) ( - 1 .393) ( -0. 1 8 1 )  (0.452) 

MUN POBLACION 0 . 156 -0.287* *  0.043 0 . 108* *  
(0.363) ( -2.382) (0.692) (2.075) 

RURAL 0.705 -0. 1 56 0. 2 1 0••• 0. 160* • •  
(0.456) ( -1 .335) (3.509) (3 . 162) 

RURAL x TRAVELPOB 45 .221  -0.00 1 -0.0002 - 0.001 ***  
(70. 745) ( - 1 .0 1 1 )  ( -0. 753) ( -2.622) 

RESDGY (5+) 0.862 -0.101 0.006 0.047 
(0.345) ( - 1 . 1 66) (0. 1 33) ( 1 .273) 

CAM SUR 0.599 0. 1 02 -0.005 -0.037 
(0.490) ( 1 . 167) (-0. 1 08) ( -0.987) 

ALBAY 0.255 0.040 - 0. 1 49* * *  - 0.087 * *  
(0.436) (0.408) (-2.972) (-2.063) 

PLIV CH lLD 73 (3-4) 0.26 7 0.01 1 0. 1 1 2* *  0.033 
(0.443) (0. 1 2 1) (2.472) (0.854) 

PLIV CHILD73 (5·6) 0.225 0.223* *  0 . 158··· o.o8o• 
(0.4 1 8) (2.050) (2.835) ( 1 .707) 

PLJV CHILD73 (7+) 0.226 0.505 * * *  0.064***  0. 1 26** 
(0.4 1 9) (4.024) ( 2.838) (2.322) 

WAGEW -0. 1 00 -0.00 1 0.068 0. 1 00* 
(0.453) ( -0.010) ( 1 .26 1 )  ( 1 .76 1 )  

WAGEH 0.48 1 -0.526* * *  0.3 16•••  0.014 
(0.326) (-2.840) (3.326) (0.1 7 1 )  

Constant 1 .6 16 0.041 o:os 8 
R:2 0.320 0. 147 0.069 
F 24.03 1 9.472 4.654 
n 981 98 1 98 1 
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Table 20 (Continued) 

Variablt!s Meanfl BIR TH73b FPUSEA 73b FPUSEM73b 

Mean 
Std. Dev. 

astandard deviation in parenthesis. 
bt-value in parenthesis. 

1 ,4 1 7  
1 .083 

* ** * * *Significant at the 0.10,  0.05 and 0.01 levels, respectively . 

0.4 3 1  
0.495 

0.200 
0.400 

Table 2 1 .  Regression on Fertility and Family Planning Practice During the 1 973- 1 977 Period, 
Bicol River Basin, 1 978. 

Variables Meanfl BIR TH73b FPUSEA 73b FPUSEM7Jb 

AGEW73 (25-29) 0.24 1 -0.37 1 * * *  -0.056 0.05 7 
(0.428) (3.54 1)  (-1 .039) ( 1 .243) 

AGEW73 (30-34) 0. 2 1 5  -0.704* * *  -0.200***  -0.05 9 
(0.4 1 1 )  (5 .779) (-3. 1 97) (- 1 . 1 22) 

AGEW73 (35-39) 0.205 - 1 . 260* * *  -0.227* * *  -0.135 * *  
(0.404) (-9.4 1 8) (-3.304) (-2.332) 

AGEW73 (4044 ) 0.20 1 -2.040* * *  -0.468* * *  -0.255 * * * 
(0.401 )  (- 14.346) (-6.402) (-4.1 37) 

EDW (5-7) 0.485 0.002 0. 1 09***  0.049 
(0.500) (0.035)' (3.0 19)  ( 1 .5 95) 

EDW (8+) 0.232 -0.334 * * *  0.269* * *  0. 1 20* * *  
(0.423) (-3.678) (5.764) (3.044) 

AGEM 20.238 0.040***  0.01 0* *  0.005 
(4.2 1 0) (4.778) (2.327) ( 1 .4 1 4) 

OWNHOUSE 0.920 0.243* *  0.005 -0.040 
(0.27 1 )  (2.1 88) (0.09{) (-0.83 1 )  

OWNLAND 0. 1 26 -0. 1 25 0.033 0.0 1 3  
(0 .332) (-1 .383) (-0.708) (0.324) 

MUN POBLACION 0.156 -0.1 9 3* -0.027 0.064 
(0.363) (-1 .75 2) (-0.473) (1 .338) 

RURAL 0.705 0.032 0.034 0.107 * ... 
(0.45 6) (0.347) (0.708) (2.65 1 )  

RURAL x TRA VELPOB 45 .221 -0.0002 -0.001 * *  -0.00 1 * *  
(70.745) (-0.3 15 )  (-2.1 36) (-2.79 1 )  

RESBGY (5+) 0.852 -0.109 0.0 1 1  0.050 
(0.345) (-1 .262) (0.239) ( 1 .347) 

CAM SUR 0.599 0.088 0.032 -0.024 
(0.490) (0.992) (0.696) (-0.626) 

ALBAY 0.255 -0.010  -0. 102* *  -0.070* 
(0.436) (-0.098) (-1 .997) (- 1 .633) 

PLIV CHILD73 (3-4) 0.267 0.01 1 0.102* *  0.029 
(0.443) (0. 1 20) (4.243) (0.75 2) 
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Table 21 (Continued) 

Varilzbles Mean a BIRTH7Jb FPUSEA 73b FPUSEM7Jb 

PLIV CHILD73 (5-6) 0.225 0.226• •  0. 159···  0.078• 
(0.4 1 8) (2.084} (2.85 1 )  ( 1 .656) 

PLIV CHILD73 (7+) 0.226 0.509•• •  0. 1 84••• 0 .122•• 
(0.4 1 9} (4.062} (2.855} (2.255} 

AELEC 0.391 -0. 153  .. -0.021 -0.005 
(0.488) (-2.220) (-0.595) (-0 . 161 )  

IRRIG 0.565 -0. 1 34•• o.os8• 0.025 
(0.494) (-2.260) ( 1 .899) (0.983) 

HOUSE 0.584 0 . 177  . . .  -0.140••• -0.056 .. 
(0.493) (2.747} (-4.247) (-1 .994) 

Constant 1 .3 1 3  0.268 0.056 
R2 0.323 0.146 0.069 
F 23.301 8.949 4 .443 
n 981 981 98 1 
Mean 0.43 1 0.4 3 1  0.200 
Std. Dev. 0.495 0.495 0.400 

astandard deviation in parenthesis. 
bt-value in parenthesis. 
• • •  • • •significant a t  the 0.10,  0.05 and O.O l levels, respectively . 

suggested. First, the PPARITY73 variable does not take into account child deaths. 
Higher PPARITY73 women may also have larger numbers of child deaths, hence 
given the demand for a certain number of surviving children, these women may 
be observed to be "replacing" these dead children with current births. To eliminate 
this possibility, we ran another regression replacing PPARITY73 with the number 
of surviving children prior to the reference period , PLIVCH ILD73 . This is shown in 
Table 19 .  The effect of PLIVCHILD73 is still positive on BIRTH73 as well as on 
the two family planning variables. Hence , the potential confounding effect of 
ctrild deaths is not important. 

A second possible interpretation is that women who have had higher fertility 
in the past would tend to be those women who are more fecund . *  (Note that we 
have already controlled for age of women age at marriage , and demand for 
children-related variables, but not adequately for supply-related variables.) These 
more fecund women would then be expected to continue their high fertility into 
the current period . 

Another possible explanation is related to the effect of temporary separation 
among spouses. All things being equal, spouses who tend to be separated more 
often , e .g.  the husband temporarily migrates to fmd work, would tend to have 

•This interpretation was suggested by Dr. Vicente B. Paqueo. 
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lower fertility in the past as well as in the present. Additionally, thls type of couple 
would tend to practice less contraception because there is less need to do so . On 
the other hand, spouses who are always together will tend to have larger number 
of children in the past and would tend to: continue to do so in the current period. 

Finally, there is tlie possibility that higher previous parity women tend to be 
women who do not breastfeed their infants, so that birth intervals tend to be 
shorter. Thus, they will be observed to have more births both in the past and in 
the current period compared to breastfeeding mothers. 

Clearly, the effect of such factors as temporary separation of spouses which 
might be important in the Bicol context, and breast-feeding on fertility and birth 
intervals needs to be looked into. In populations which are still characterized by 
high fertility such as Bicol, the above intermediate variables may have significant 
impacts on fertility differentials. Unfortunately, the 1978 BMS do not have the 
data on these intermediate variables as they are related to pregnancy or birth 
intervals .* We therefore leave this matter for future investigation . 

The effect of PP ARITY73 or PLIV CHILD73 on the use of family planning 
is positive as expected. However, the fact that higher PPARITY73 or PLN 
CHILD73 women also had more births during the period may indicate contra
ceptive failure, i.e., the higher recent births occurred in spite of family planning 
use due to improper use of the method or to discontinued use of the method 
arising from lack of supplies, side effects, etc. The possibility of simultaneity of 
relationships cannot be discounted, however. On the one hand, higher recent 
births may be due to contraceptive failures among users as suggested above . On 
the other hand, the greater use of contraception among high previous parity women 
who continued to have high fertility in the current period might reflect the increas
ed desire for these women to practice contraception precisely to limit their already 
high past and current fertility . Additional work in determining the simultaneous 
relationships between births and family planning use is therefore recommended .  

Tables 19 and 21 examine the correlates of  current fertility and family plan
ning practice using a different specification to highlight the role of rural develop
ment efforts. As can be readily noted, both AELEC and IRRIG are negatively 
and significantly related to BIRTH73 while IRRIG is positively and significantly 
related to FPUSE73. Furthermore, the use of family planning methods tend to 
decline with increasing travel time from the rural barangay to the poblacion, 
suggesting the important role road development can play i!! improving access to 
basic services such as family planning services. 

_ 

Fertility and Family Planning Practice During the Two- Year Period, 1976-
1977. The impact of development variables on the most recent fertility and family 
planning behavior can be examined from Tables 22 and 23. The fmdings are more 
or less similar as those found for the period 1973-1977.  

• As described in Section III ,  breastfeeding information was obtained only for living 
children born during the past two years. 
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Table 22.  Regression on Fertility and Family Planning Practice During the 1 976-1 977 Period, 
Bicol River Basin, 1 97 8. 

Variables Meana BIRTH76b CE'FPUSE'A 76b CFPUSE'M76b 

AGEW76 (25-29) 0 . 1 90 -0.066 -0.0 18  0 .009 
(0.392) (-0 .680) (-0.214) (0.1 65) 

AGEW76 (30-34 ) 0.232 0 . 1 99** -0.043 -0.05 9 
(0.423) (-1 .964) (-0.506) ( -1 .080) 

AGEW76 (35-39) 0 . 2 1 7  -0.35 6***  -0. 1 35 -0.097** 
(0.4 1 2) (-3.369) ( 1 .527) (-1 .708) 

AGEW76 (40-44) 0.20 1 -0.666* * * -0.228* ** -0. 1 39* * *  
(0.40 1 )  (-6.067) (-2.480) (- 2.336) 

AGEW76 (45-49) 0 . 122 -0.909* * *  -0.367*** -0. 1 7 1  * * *  
(0.328) (-7 .95 3) (-3.833) (-2.774) 

EDW (5-7 )  0.485 0.1 1 0* *  0.030 0 .025 
(0.500) (2.3 7 1 )  (0. 777) ( 1 .0 1 6) 

EDW (8+) 0 .232 -0.072 0. 1 1 5 "' 0.048 
(0 .42 3) (-0.949) (1 .807) ( 1 . 1 57 )  

AGEM 20 .237 0.016 * ** 0.003 0.0004 
(4.21 0) (3.454) (0. 8 15 )  (0.1 65 )  

OWNHOUSE 0.920 0.149** 0.044 0 .04 1  
(0.27 ] )  (2.26 1 )  (0.800) ( 1 . 1 38) 

0\\<NLAND 0 . 1 26 -0.020 -0.01 3  -0.031  
(0.332) (-0.365 )  (-0.297 )  ( - 1 .085) 

RESBGY (5+) 0.862 -0.023 -0.027 0.0 1 8  
(0.345) ( -0.455) ( -0.6 1 9) (0.654) 

MUN POBLACION 0 . 156  -0. 1 83* "'  0.031 0.0 1 7  
(0.363) (-2.563) (0.522) (0.445) 

RURAL 0 .705 -0. 139* *  0 . 1 78* " *  0.030 
(0.45 6) (-1 .988) (3.053) (0.785) 

RURAL x TRA VELPOB 45.22 1 -0.0002 -0.0001 -0.0002 
(70.745) (--0. 7 1 6) (-0.2 71 )  (-1 . 147) 

CAM SUR 0.599 0.00 1 -0.025 -0.086** * 
(0.490) (0.01 5 )  (-0.581 )  (-3.055 )  

ALBAY 0 .255 0.01 5 -0.147 * . .  -0.090* * * 
(0.436) (0.25 1 )  (-2.998) (-2.85 8) 

PLN CHILD76 (3-4) 0.282 0.026 0. 1 14 * *  0.0 1 3  
(0.450) (0.469) {2.497) (0.432) 

PLN CHILD76 (5-6) 0.26 1 0.047 0.1 27* * 0.045 
(0.439) (0. 74 9) (2.423) ( l .324) 

PLN CH1LD76 (7+) 0 .293 0.2 1 3 ** * 0 . 104 * 0.021 

WAGEW 
(0.455) (3.05 2) ( 1 .774) (0.545) 

-0. 1 00 -0.062 0.036 -0.0 1 4  

WAGEH 
(0.45 3) (-0.788) (0.554) (-0.337) 
0.48 1 -0 . 139 0.368 * *" 0.080 

(0.326) (-1 .25 2) (3.980) ( 1 .344) 

Constant 0.536 0.0002 0.094 R:2 0.21 1 0 . 1 14 0.045 
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Table 22 (Continued) 

Variables 

F 
n 
Mean 
Std. Dev. 

Mea1,0 

astandard deviation in parenthesis. 
bt-value in parenthesis. 

BIRTH 76b CEFPUSEA 76b 

1 3 .445 7.024 
98 1 981 

0.587 0.334 
0.596 0.472 

• • •  * * *Significant at the 0.10,  0.05 and 0.0 1 levels, respectively. 

CFPUSEM 76b 

3 .263 
981 

0.095 
0:293 

Table 23.  Regression on Fertility and hmily Planning Practice During the 1 976- 1 97 7  Period, 
Bicol River Basin, 1 978.  

Variables Meana BIRTH76b CFPUSEA 76b CFPUSEM 76b 

AGEW76 (25-29) 0 . 190 -0.074 0.006 O.o i 3  
(0.392) (-0.756) (0.072) (0.25 2) 

AGEW76 (30-34 ) 0.232 -0.216 ** 0.006 -0.050 
(0 .423)  (-2 . 1 5 7) (0.073) (-0.920) 

AGEW76 (35-39) 0.2 1 7  -0.372* * *  -0.085 -0.088 
(0.4 1 2) (-3.546) (-0.964) (-1 .558) 

A&cW76 (40-44) 0. 201 -0.685 ***  -0. 17 1 * -0. 128* *  
(Q.40 1)  ( -6.302) ( - 1 .860) ( -2.1 74) 

AGEW76 (45-49) 0 . 122  -0.924* * *  -0.322***  -0. 1 64 * * *  
(0.328) (-8 . 1 32) (-3.352) (-2.672) 

EDW (5-7) 0.485 0.088 ** 0.064 * 0.026 
(0.500) (2.1 14)  ( 1 .8 14 )  ( 1 . 1 5 2) 

EDW (8+) 0.232 -0. 1 34 * *  0.209***  0.048* 
(0.42 3) (-2.479) (4.5 86) ( 1 .65 2) 

AGEM 20.237 0 .0 1 6* * *  0.004 0.0004 
(4.2 10) (3.3 1 3) (0.976) (0. 156) 

OWNHOUSE 0.920 0.150* *  0.032 0.040 
(0.27 1 )  (2.268) (0.575)  ( 1 . 1  09) 

OWNLAND 0. 126 -0.0 1 3  -0.03 1 -0.035 
(0.332) (-0.246) (-0.677 )  (- 1 . 1 9 1 )  

RESBGY (5+) 0.862 -0.026 -0.0 1 7  0.020 
(0.345) (-0.504) (-0.406) (0.709) 

MUN POBLACION 0 . 156  -0.138* *  -0.034 0.0 1 2  
(0.363) (-2. 102) (-0.620) (0.325) 

RURAL 0.705 -0.05 3 0.0 1 1  0.005 
(0.456) (-0.932) (0.24 1 )  (0. 1 62) 

RURAL x TRAVELPOB 45.221  -0.0001 -0.0004 * -0.0003 * 
(70.745) (-0.339) (- 1 .7 73)  ( -1 .693) 

CAM SUR 0.599 -0.01 1 -0.007 -0.082* * *  
(0.490) (-0.209) (-0.1 65) (-2.865) 
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Table 23 (Continued) 

Variables Meana BIRTH76b CFPUSEA 76b CFPUSEM76b 

ALBAY 0.255 -0.007 -0. 1 20 . .  0.085 
(0.436} (-0.1 14) (-2.386) (-2.65 1}  

PLIV CHILD76 (3-4) 0.282 0.027 0.106** O.Q1 1 
(0.450) (0.500) (2.3 1 1) (0.381}  

PLIV CHILD76 (5.{)) 0.261 0.49 o .u8•• 0.043 
(0.439} (0.787) (2.235) ( 1 .273) 

PLN CHILD76 (7+) 0.293 0.21 3•••  0 .100* 0.0 1 9  
(0.455 )  (3.057) (1.691) (0.5 15) 

AELEC 0.391 -0.01 1 0.03 1 0 .0 1 1  
(0.488) (-0.258) (0.899) (0.5 0 1 )  

f RRlG 0.545 -0.053 o.os s •  -0.0004 
(0.498) (- 1 .487) (1 .828) (-0.024) 

HOUSE 0.584 0.068* -0.084••• -0.01 9  
(0.493) (1 .775) (-2.608} (-0.904) 

Constant 0.46 1 0.223 0.152 
R2 0.21 1 0.101 0.044 
F 1 2.879 5 .985 3.07 3 
n 98 1 98 1 981  
Mean 0.527 0.334 0.095 
Std. Dev. 0.596 0.472 0.293 

astandard deviation in parenthesis. 
bt-value in parenthesis. 
• • •  • • •Significant a t  the 0.10,  0.05 and 0.01 levels, respectively. 

Table 24. Regression on Current Fertility Preferences and Cuuent Use of Famiy Plaruting 
Methods, Bicol ruver Basin, 1 978. 

Vari11bles Me11n'l ADDCHJL£>b CFPUS£Ab CFPUSENfJ 

AGEW (25-29) 0.135 -0.033 -0. 1 26 -0.087 
(0.34 1 )  (-0.469) (- 1 .4 1 2) (-1 .620) 

AGEW (30-34) 0.233 -0. 101  -0.068 -0.004 
(0.423} (- 1 .458) (-0.760) (0.069) 

AGEW (35-39) 0.209 -0. 1 14 -0.140 -0.054 
(0.407) (- 1 .5 77) (-1 .500) (-0.969) 

AGEW (40-44) 0.199 -0.160** -0.209• •  -0.082 
(0.399) (-2.160) (-2. 1 85 )  (-1 .42 1 )  

AGEW 45-49) 0 .1 95 -0. 1 84•• -0.340••• -0.1 1 2* 
(0.396} (-2.452) (-3.500) (-1 .919} 

EDW (5-7) 0.493 -0.042 0.0 19 0.006 
(0.500) (-1 .427} (0.5 15)  (0.2 7 1 )  

EDW (8+} 0.229 -0.025 0.097 0.036 
(0.421)  (--0.523) ( 1 .5 87) (0.985) 
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Table 24 (Continued) 

Variables Mean'l ADDCHJL{)b CFPUSEA b CFPUSENb 

AGEM 20.1 1 9  0.001 -0.001 0.002 
(4.209) (0.47 1)  (-0.145)  (-0.750) 

OWNHOUSE 0.922 0.017  0.001 0.03 1 
(0.269) (0.4 16) (0.025) (0.972) 

OWNLAND 0.129 -0.01 9  0.003 -0.036 
(0.335) (-0.572) (0.072) (- 1 .388) 

MUN POBLACION 0.155 0.05 1 0.084 0.045 
(0.362) ( 1 . 1 3 2) ( 1 .459) {1 .288) 

RURAL 0.708 0.092** 0. 1 83*** 0.032 
(0.455) (2. 1 1 3) (3.266) (0.945) 

RU RAL x TRAVELPOB 45 .729 0.0001 -0.0001 -0.0002 
(70.568) (0.716) (-0.565) (-1 . 145) 

RESBGY (5+) 0.857 -0.045 O.D35 O.Q28 
(0.35 1 )  (-1 .473) (0.853) ( 1 . 1 5 1 )  

CAM SUR 0.601 0.047 0.007 -0.059 * *  
(0.490) (1 .467) (0. 1 67) (-2.340) 

ALBAY 0.254 -0.029 -0.088• -0.05 9'"* 
(0.436) (-0.806) (-1 .885) (-2.096) 

LIVING CHILD (3-4) 0.279 -0.284••• 0.14 1 ... * 0.026 
(0.449) ( -1 .260) (2,7 9 1 )  (0.857) 

LIVING CH ILD (5·6) 0.287 -0.378••• 0.102* 0.006 
(0.452) ( -9.097) (1 .898) (0. 1 7 3) 

LIVING CHILD (7+) 0.329 -0.427*** 0.0'.:13 -0.025 

WAGEW 
(0.4 70) (-9.456) (1 .5 93) (-0.707) 

-0.103 0.045 0.033 0.004 

WAGEH 
(0.448) (0.9 1 7) (0.522) (0. 1 08) 
0.475 0.050 0.324***  0.049 

(0.326) (0.728) (3.659) (0.9 1 2) 

Constant 0.5 1 6  0.042 0.1 1 8  
R2 0 .182 0.099 0.045 
F 1 1 .696 6.297 3.267 

n 1 ,01 1 1 ,0 1 1  1 ,0 1 1  
Mean 0.163 0.292 0.076 
Std. Dev. 0.370 0.455 0.265 

astandard deviation in parenthesis. 
bt-value in parenthesis. 
• •• ***Significant at the 0. 10,  0.05 and 0.01 levels, re pectively . 

Desire for Additional Children and Family Planning Practice. Tables 24 and 
25 present the results of regression on current fertility preferences and current use 
of contraceptive methods. The sample of women are the same as in the previous 
case . The period of reference is the time of interview where women were asked 

about whether or not they want additional children , and whether or not they are 
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currently practi�ing a specific method of contraception . Our major interest in this 
analysis is to examine whether current fertility preference are matched by appro
priate contraceptive behavior to effectuate such preferences. We would expect 
women who report that they desire no more additonal children to practice family 
planning, especially the more effective methods. lf they do not either they are not 
serious about their desires or that they are unable to practice family planning due 
to constraints related to lack of knowledge or steady supply of services. The results 
are summarized below. 

( I )  Older women tend to desire less additional births but practice less contra
ception , perhaps due to the belief that they are no longer fecund and therefore no 
longer need such practice . It might also be that they are unable to do so due to high 
effective cost of contraception. 

(2) Women with larger numbers of surviving children desire less additional 
births as expected, but they also practice less contraception which is unexpected . 

(3) Rural women tend to desire more additional children and also tend to 
practice contraception more than women in cities or poblacions. 

(4) Neither the wage rates of the husband nor the wife are significantly 
related to ADDCHILD but the husband's wage is positively related to use of some 
method of contraception, CFPUSEA. 

It would thus appear on the basis of these results that current fertility pre
ferences are not matched by effective usc of contraception . Thus, either the desires 
are not real, or if real, the effective cost of contraception is too high preventing 
potential users from actually using specific methods. Note the level of contracep
tion in the current period is 29 percent for all methods and only 8 percent for 
modern methods. 

Index of Family Planning Efforts. An important factor influencing the 
prevalence of contraceptive use is the effort provided by the family planning 
program. This program is expected to provide information on specific contracep
tive methods and providjng services to those who desire to practice contraception. 
How well is the program being implemented in the Bicol River Basin? As a partial 
answer to such question, we examined below the correlates of one indicator of 
family planning effort , namely, the extent to which eligible women are visited by 
a family planning personnel or other government workers who talk to these women 
about family planning (FPPVISIT). The reference period is 1972-1 977, and the 
data refers to women who reported being ever visited by a family planning or 
government worker. Table 26 presents the results of the regression on FPPVISIT. 

As the results indicate, family planning workers tend to visit women who are 
highly educated, women who reside in electrified and irrigated areas, and women 
in rural barangays. Women who are visited less include those living farther away 
from the rural barangays and those who are relatively poor as proxied by the 
HOUSE variable . Interestingly enough, family planning workers do not seem to 
discriminate between women of different age groups or of women with high or 
low previous parity. One would expect, for example, that family planning workers 
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Table 25. Regression on Current Fertility Preferences and Current Use of Family Planning 
Methods, Bicol River Basin, 197 8. 

Variables Meanfl ADDCHILDh CFPUSEAh CFPUS£Mb 

AGEW (25-29) 0 . 135  -0.0 3 1  -0. 1 26 -0.086 
(0.34 1) (-0 .44 1 )  (-1 .400) (- 1 .5 95) 

AGEW (30-34) 0.233 -0.094 -0.045 0.003 
(0.423) (-1 .355) (-0.5 0 1 )  (0.05 3) 

AGEW (35-39) 0.209 -0.104 -0. 1 09 -0.044 
(0.407) (- 1 .1 34) (- 1 . 162) (0.778) 

AGEW (40-44) 0 . 1 99 -0. 1 50 . .  -0. 1 77*  -0.072 
(0.399) (-2.021) ( - 1 . 848) (1 .25 3) 

AGEW (4549) 0 . 1 95 -0. 1 7 3  .. -0.307••• -0.1 0 1 *  
(0.396) ( -2.300) (-3. 1 5 1 )  ( - 1 . 7 3 1 )  

EDW (5-7) 0.493 -0.026 0.047 0.0 1 2  
(0.500) (-0.985) (- 1 .397) (0.594) 

EDW (8+) 0 .229 0.023 0.1 81 · · ·  0.05 7** 
(0.421)  (0.678) (4. 1 47)  (2. 1 9 1 )  

AGEM 20 .1 1 9  0.022 -0.0001 -0.002 
(4 .209) (0.569) (-0.022) (-0.800) 

OWNHOUSE 0.922 0.014 -0.007 0 .027 
(0.269) (0.335) (-0. 1 27 )  (0.838) 

OWN LAND 0 . 1 29 -0.0 1 9  -0.004 -0.034 
(0.335) (-0.579) (-0. 1 05)  ( - 1 . 340) 

MUN POBLACION 0 . 1 55 0.022 0.0 1 8  0.03 2 
(0.362) (0.546) (0.330) ( 1 .0 1 3 )  

RURAL 0.708 0.05 2 0.044 0 .0 1 3  
(0.455) (1 .492) (0.987) (0.495) 

RU RAL x TRA VELPOB 45.729 0.0001 -0.0004* -0.0002 
(70.569) (0.525) (- 1 .755) (-1 .523) 

RESBGY (5+) 0.857 -0.044 0.045 0.0 3 1  
(0.35 1 )  (- 1 .389) ( 1 . 1 05 )  (1 .29 1 )  

CAM SUR 0.601 0.046 0.0 1 3  -0.064 * *  
(0.490) ( 1 .4 1 5 )  (0.305) (-2.502) 

ALBAY 0.254 -0.026 -0.072 -0.64 • •  
(0.436) (-0.714) (- 1 .5 0 1 )  (-2.24 1 )  

LIVING CHILD (34) 0.279 -0.284 • • •  0.140••• O.D25 
(0.449) (-7.250) (2.759) (0.826) 

LIVING CHILD (5-6) 0.287 -0.378••• 0.1  02* 0.003 
(0.45 2) (-9.084) (1 .889) (.0.092) 

LIVING CHILD (7+) 0.329 -0.427••• 0.092 -0.026 
(0.470) (-9.445) ( 1 .5 76) (-0.745) 

AELEC 0.386 0.015  o.o12•• 0.024 
(0.487) (0.576) (2.1 80) ( 1 .2 14) 

IRRIG 0.550 0.03 3 0.029* 0.008 
(0.498) ( 1 .482) (1 .936) (0.453) 

HOUSE 0.591 -0.007 0.03 1 0.0 1 6  
(0.492) (-0.292) (- 1 .894) (0.885) 
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Table 25 (Continued) 

Variables Meana 

Constant 
R 2 
f 
n 
Mean 
Std. Dev. 

astandard deviation in parenthesis. 
bt -value in parenthesis. 

ADDCHJLDb 

0.5 1 8  
0 . 1 8 1  

1 1 . 1 3 1  
1 ,01 1 
0 .163 
0.370 

* "'* • nslgnificant at the 0 . 10, 0.05 and 0 .01 levels, respectively. 

CFPUSEA b 

0.215 
0.090 
5 .521  
I ,01 1 
0.292 
0.455 

243 

CFPUSEMb 

0.1 28 
0.045 
3 . 158 
1 ,01 1 
0.076 
0.265 

Table 26. Regression on Family Planning Efforts (FPPVISIT) Bicol River Basin 1 978. 

Variables Mean Std. Dev. Coefjicient t-value 

AGEW (25-29) 0.1 35 0.34 1 O.Q75 0.799 
AGEW (30-34) 0.233 0.423 0.1 5 1  1 .590 
AGEW (35-39) 0.209 0.407 0.1 52  1 .5 3 1  
AGEW (40-44) 0. 1 99 0.399 -0.053 -0.5 1 8  
AGEW (45-49) 0. 1 95 0.396 -0.007 -0.063 
EDW (5-7) 0.493 0.500 0.065* 1 . 8 1 2  
EDW (8+) 0.229 0.421 0. 1 27 * *  2.742 
OWN LAND 0. 129 0.335 -0.087* - 1 .894 
MUN POBLACION 0 . 155  0.362 O.Q35 0.6 1 1 
RURAL 0.708 0.455 0.088 1 .833 
RURAL x TRAVELPOB 45.729 70.568 -0.0006* -2.650 
RESBGY (5+) 0.857 0.3 5 1  0.029 0.664 
CAM SUR 0.60 1 0.490 -0.053 - 1 . 1 7 1 
ALBAY 0.254 0.436 0.009 0 . 1 8 3  
PPARITY (3-4) 0.234 0.424 0.005 0. 1 07 
PP ARITY (5-6) 0 . 1 96 0.397 0.00 1 0.0 1 3  
PPARITY (7+) 0.306 0.46 1 0.072 1 .263 
AELEC 0.386 0.487 0.1 1 2* * *  3 . 1 47 
I RRIG 0.550 0.498 0.067* * 2. 1 93 
HOUSE 0.59 1 0.492 -0.056* - 1 .7 1 1  

Constant 0.143 
R2 0.068 
F 4.679 
n 1 ,0 1 0  
Mean 0.36 1 
Std. Dev. 0.481  

* • •  ,..*Significant at the 0. 10 ,  0.05 and O.Ol levels, respectively. 
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would tend to put more efforts on visiting women who already have larger numbers 
of children. This does not appear to be the case on the average as suggested by our 
results. 

One noteworthy fmding, however, is that family planning visits tend to 
concentrate in rural areas, than in poblacions or in cities, although such visits 
decline with increasing distance to the poblacion . This may explain the consistent 
findings earlier which reveal higher family planning use among rural women in pob
lacions or in cities, after controlling for personal and household factors. 

Conclusion 

This study on the correlates of fertility and family planning behavior in the 
Bicol River Basin is part of a larger study aimed at assessing the long term in1pact 
of rural development programs in the area. A major survey conducted in 1 978 
provided most of the baseline data upon which future assessment of inlpact can be 
based. The 1 983 survey currently being fielded should offer greater possibilities 
for assessing inlpact within a dynamic framework. Thus far ,  our assessment have 
relied only upon cross-sectional analysis, and inferences regarding inlpact must 
necessarily be guarded.  The overall results may be summarized as follows. 

( 1 )  Analysis of the 1978 BMS demographic data reveal high fertility in 
Bicol relative to the national average and this fmding is consistent with independent 
estinlates obtained by the Area Fertility Surveys of 1979 and 1980 and the Na
tional Demographic Surveys of 1968, 1973 and 1 978. The relatively low levels of 
development in Bicol are inlplicated as creating conditions supporting high fer
tility in the region. 

(2) However, signs of change in fertility and family planning behavior are 
evident in the data, and that these changes especially in the more recent periods 
can be directly and indirectly related to the inlpact of development programs in 
the area. Thus, we fmd that rural electrification, provision of irrigation and develop
ment of rural road networks are positively related to increased wage rates of hus
bands and wives, and that these changes in the wage rates in tum significantly 
influenced current fertility and family planning behavior as well as child survival 
rates. 

(3) Intensification of rural development efforts in Bicol is clearly needed 
both to consolidate the gains already achieved as well as to strengthen the region's 
capacity for self-sustaining economic and demographic development. With respect 
to family planning efforts, program emphasis might be placed on specific areas 
and target groups which might have high expected pay-offs. For example, family 
planning use is consistently lower in Albay than in the other provinces. The pattern 
of family planning visits do not appear to discriminate between high versus low 
parity women. Women who reported they no longer want additional children are 
found not to be practicing contraception enough to make their fertility desires 
effective . Relatively few women reported mass media as a major source of family 
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planning information. Considerations of these fmdings could provide the basis for 
strengthening family planning program efforts in the area. 

(4) Data from the second round BMS currently being conducted should 
provide additional information for a systematic assessment of fertility impacts 
of rural development. This leads us to a consideration of how demographic data 
may be collected more efficiently in future surveys. With the benefit of hindsight , 
it would appear that a detailed pregnancy history approach would at once be able 
to collect information more effectively on all live births, infant and child mortality, 
pregnancy wastage, and with possible modifications, on breastfeeding, incidence 
of temporary separation of spouses, and the timing of the use of contraception . 
These information should allow more refmed analysis of fertility change in a low 
income setting where biological factors might still be significant factors in deter
ruining fertility differentials. Similarly, in the area of impact assessment, the detail
ed data on pregnancy intervals may provide additional sensitive indicators of 
emerging pattems of fertility behavior. On the other hand. direct information 
on current mortality may not provide sufficiently stable estimates, especially of 
adult mortality, given the limited sample size. Hence, general mortality studies, 
if desired, may have to rely on data sources other than the BMS. Additional ques
tions on the migration of household members would be extremely useful in 
understanding the mechanisms by which low income households cope with poverty. 
"&.latching of households in two surveys should capture the migration of entire 
households. Migrant households could then be examined for their characteristics 
and inferences could be made regarding _the determinants of migration in the 
context of the development programs already in place or yet to be implemented. 
The prospects for :: more systematic assessment of the demographic .impact of rural 
development appears bright . Tllis should lead not only to more information im
mediately needed for policy and program purposes, but should also lead to a 
greater understanding of the dynamics of social change in contemporary rural 
settings. 
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BACTERIA I DENTIFIED IN DIARRHEAL STOOLS OF EARLY 

CffiLDHOOD AND S ENSITIVITY TESTS, METRO MANI LA 

( 1 980- 1 982) 

Fe del Mundo , Ana Maria Cruz , Hilda Lin Kleiner and Dory Sales 
Children 's Medical Center, Philippines 

Introduction 

Despite remarkable advances in medicine and public health , diarrheal d iseases 
continue to be a major cause of morbidity and mortality in childhood throughout 
the world, but particularly in developing countries. In infancy, diarrhea is estimated 
to cause higher monality than all other infections combined. WHO Assistant 
Director General, WW Furth, recently stated that diarrheal diseases accounted for 
five million deaths arulllally in children below the age of five years in the develop
ing countries. 

In the Philippines, the latest health statistics show that among the ten leading 
causes of infant mortality gastroenteritis and colitis was second in the list, resulting 

in 1 2 ,800 deaths under 5 years ( 1 978). 

The consensus is that for years to come diarrheal diseases will remain a scourg 
of populations in developing countries. In view of this, there has been increasing 
interest in and concern for diarrheas. The World Health Organization (WH.O has 
led in undertaking studies to provide measures to control and prevent t hese dis
orders. Researches on d ifferent aspects of d iarrheal diseases have resulted in in
creased knowledge and infonnation. 

The causes of diarrhea in childhood are varied and may range from a trivial 
dietary indiscretion to severe or intractable conditions such as cholera or mal
absorption syndromes. Jt is reported that about ten years ago or so, the etiology 
of diarrheas could be determined in only 20% to 30% of cases. Recent researches 
have however made it possible to identify the etiologic agent in 70-80% of diarrhea 
cases. 

About the same period as the present report, also in Metro Manila, viral stu
dies of stool specinJCns in gastroenteritis of children have identified rotavirus in 42% 
of diarrhea under 2 years and 29% in the age group 2- 1 0  years. Possibly the two 
studies (bacterial and viral) may complement each other, as a contribution to 
efforts to determine the role of infections in the etiology of diarrheas in developing 
countries. 
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Objectives 

To study the role of bacteria in the etiology of diarrhea in infants and 
young children of a developing country. 
To identify specific bacteria in diarrheal stools. 
To perform bacterial sensitivity tests. 
To complement current or on-going researches on other infectious 
agents of childhood diarrheas, such as viruses. 

To determine what bacteria are commonly associated with diarrheas of 
infants and young children in Metro Manila. 
To determine the distribution of bacterial infectious diarrheas per 
month. 
To observe the frequency of pathogenic bacteria in different age groups. 
To study sensitivity tests of identified bacteria in diarrheal stools, to 
current anti-microbials. 
To determine changes in the pattern of bacterial infections of child
hood diarrheas. 

Materials and Methods 

Fresh diarrhea stool specimens were obtained from the patient into speci
men bottles and transported immediately to the laboratory. Cultures were made 
within 1 5  minutes after receiving the specimen. The stool was streaked into one 
SS (Salmonella Shigella) medium and one EMU (Eosin Methylene Blue) Media in 
petri dishes. After 1 8-24 hours, cultures were read and biochemical studies for fur
ther differentiation and antibiotic sensitivity tests were then performed. The Kirby 
Bauer, single disc agar diffusion method for sensitivity test were followed. Each 
organism was cultured in Trypticase soy broth until turbidity matching Me Farland 

scale No. 5 were reached, where each ml. of broth contains 1 08 organisms. Then a 
cotton swab was used to inoculate the organism to a Muller-Hinton Agar plate. 

Five minutes later, seven to ten antibiotic discs were placed in each plate with 
a distance of 25 mrn between each disc and 9 mrn away from the side. Readings 
were made 1 8  hours later, the zone size was measured and the degree of sensitivity 
assessed according to the Kirby Bauer table.Diagrams of the procedure are depicted 
in the Annexes ( I a, l b  and l c). 

Results and Discussion 

Stool specimens from infants and children under 5 years old were included in 

this study. These were patients who were admitted for acute diarrhea in two 
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hospitals in Metro Manila. Among the staff of this research, two were involved in 
the study in both hospitals. 

As it was not .intended to compare the results of the two groups, the fmdings 
and data were tabulated and presented separately as Group A (3 year study, 1980 
to 1982) with a total of 624 and Group B ( 1980 and 1 98 1 )  with 1 480 specimens. 
The data of Group A are presented in Tables I to 5 and those of Group B in Tables 
6 to 10 .  

Table 1 .  Stool Cultures in 3 Years (CMCP)* 

1 980 
1981 
1 982 

Total 

1 57 
266 
201 

624 

*Children's Medical Center Philippines. 

In 1980 and 1 98 1  the first three months of the year were peak months for 
infant diarrhea (Table 2 and Fig. 1 ). 

Table 2. Stool Cultures By Month and Year 

1 980 1 981 1 982 

January 1 9.7% 20.6% 5.9% 
February 1 5.2 9.0 6.9 
March 14. 0  6. 8.9 
April 8.  8 .  6 .  
May 3. 7.5 4. 
June 3. 7 .  8.9 
J uly 8. 6.7 7.9 
August 4. 7.5 1 2. 
September 3. 5.6 14. 
October 9. 7.5 8.9 
November 5. 10.  3 .9 
December 5. 6.7 6.9 

It is evident that in all the three years, three-fourths of the specimens were 
from infants below one year old. These were also the fmdings in Group B and in 
other studies of acute diarrheas. 
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Table 3. Diarrheal Stool Culture By Age 

1 980 

75.0% 
1 5  

9.5 

1 981 

77.8% 
1 3  

9 

253 

1 982 

76% 
1 3.9 

9.9 

In this series E.  coli was the most common bacteria identified for all three 
years and were almost equal from year to year. (Table 4 and Fig. 2). 

Table 4. Most Common Bacteria Identified Per Year, Children's Medical Center Philippjnes 

l .  

2. 
3. 
4. 
5 .  
6. 
7. 
8. 

Organisms 

E. coli 
Enterobacter 
Salmonella 
Proteus 
Arjzona 
Citrobacter 
Shigella 
Pseudomonas 

1 980 

No. 1 5 7  

33.75% 
7.6 

1 0.8 
23.5 
1 0. 1  

4.4 
3.8 
4.4 

1 981 / 982 

No. 266 No. 201 

3 1 .5% 33.8% 
1 1 .6 1 2.4 

9.3 1 5 .9 
34.9 1 5.4 

4.8 1 1 .9 
9.0 6.4 
2.6 1 .4 
4.5 3 .4 

The above list is far from complete. Recent researches, in particular by the 
Scientific Working Group of WHO on Bacterial Enteric Infections, have given much 
attention to "Watery diarrheas'' (Vibro Diarrhea and E. coli) and invasive pathogens 
(Shigella, Campylobacter, Jejuni) enteroinvasive (E. coli, Salmonella and Yeninill 

enterocolitica). The methods for their accurate identification have not been availed 
of in the present study. Serotyping of E. coli was not done as researches state 
there is lack of correlation of serotype with pathogenicity and is not a useful pro
cedure. 
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Table 5. Bacteria Identified in Different Age Groups Per Year From 1 980 to 1 982 

( 1 980) Specimens Tested: 157 

Age Group 

0 - 1 year 
1 - 2 years 
2 - 5  years 

E. Coli 

33 
15 

5 

(1981) Number Tested: 266 

Age Group E. Coli 

0 - l year 55 
1 - 2 years 1 6  
2 - 5 years 1 5  

(1 982) Number Tested: 201 

Age Group E. Coli 

0 - 1 year 5 1  
1 - 2 years 9 
2 - 5 years 8 

Proteus Enterobacter 

35 10 
2 1 
0 1 

Proteus Enterobacter 

79 28 
10 2 

4 1 

Proteus Enterobacter 

26 20 
5 4 
0 1 

Number of Cases Positve For: 

Salmonella Pseudomonas Citrobacter 

1 3  6 5 
1 1 2 
3 0 0 

Number of Cases Positive For: 

Salmonella Pseudomonas Citrobacter 

21  9 1 9  
2 2 3 
2 1 2 

Number of Cases Positive For: 

Salmonella Pseudomonas Citrobacter 

25 5 1 0  
3 1 3 
4 1 0 

Arizona Shigella 
c. 
g. 

1 3  1 
3: 
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Organisms 

p 
E. Coli R 

p 
Salmonella R 

p 
Proteus R 

p 
Enterobacter R 

p 
Arizona R 

p 
Citrobacter R 

p 
Pesudomonas R 

Table 8. Sensitivity Tests: Positive (P) and Resistance (R), Children's Medical Center, Philippines, 1 982 

Amilca- Amoxil- Ampicil- Cephalo- Chloram- Colymy- Gentamy- Kanamay- Nalidixic Tobramy- Cefota- Netromy- Sisomy-
cin lin lin thin phenicol cin cin cin Acid cin xi me cin cin 

59 3 1 0  2 1 7  1 7  62  30  5 7  1 7  2 3  5 7  20 
2 16 48 4 40 1 5 34 5 6 3 2 4 

26 6 4 34 2 1 5  1 2  2 1 8  3 1 8  26 9 
4 10 23 1 23 5 23 19 8 1 4  1 1 14 

28 0 6 0 7 6 23 13 24 4 1 0  26 6 
2 7 19  2 1 8  8 8 1 8  6 4 0 1 3 

25 2 2 2 1 0  1 3  20 15 22 1 1  1 5  1 2  7 
2 16 23 3 1 2  2 3 1 0  3 7 1 1 9  1 1  

23 2 3 2 4 9 20 5 20 7 1 5  1 9  1 1  
1 1 1  20 0 2 3 4 19  4 4 0 3 1 

1 0  3 6 2 6 6 9 1 0  1 1  6 5 9 5 
0 2 6 0 7 - 2 4 1 0 0 0 1 
6 0 1 3 2 2 3 1 0 3 0 3 2 
1 2 5 0 0 0 1 2 2 1 2 0 0 
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In the second hospital group of acute diarrheas of early childhood specimens 
and cultures were as follows: 

Table 9. Stool Cultures By Year, Lungsod ng Kabataan (LnK) 

1 98 1  
1 982 
Total 

562 
9 1 8  

1 ,480 

The last four months of 1 98 1  were peak months for infant diarrheas while 
August to October showed a high incidence in 1 982. 

Table 10.  Stool Cultures By Month, Lungsod ng Kabataan (LnK) 

Mo11th • 1 982 1 982 

No. % No. % 

January 1 5  2.6 58 6.3 
February 20 3.5 56  6 
March 25 4.4 7 7  8 
April 1 9  3.3 70 7.6 
May 33 5 .8 78 8 
June 66 1 1  85 9 
July 96 1 7  75 8 
August 64 1 1  95 1 0  
September 59 1 0  1 1 1  1 2.7 
October 5 3  9.4 96 1 0.4 
November 44 7.8 83 9 
December 68 1 2  34 3.7 

Total 562 9 1 8  

As in the first group and in fact in any study on acute diarrhea in children, 
infants under 1 year are most affected as shown in Table 1 1 . 

Again E, coli followed by Enterobacter, Proteus, and Salmonella take the 
lead among bacteria identified.  The more recent and sophisticated procedures were 
not availed of so that this list does not include recently reported new pathogens like 

rota virus, Canpylobacter jejune and E. coli types ( enterotoxigenic and enteroinva
sive). 

Summary and Conclusion 

ln 1 980 to 1 982, among 2 , 1 04 stool specimens of infants and young children 
who were confined in 2 hospitals in Metro Manila, cultures and sensitivity tests gave 
fmdings that are presented in this report. 



120 

80 

70 

60 

B. STOOL CULTURES BY MONTH (1981-1982 ) 
DIARRHEAS UNDER 5 YEARS 

0 1981 

� 1982 

0 I I !<:?::! I V?::jl I �I I 1%4 I !(:¥! I 1'::41 I 1&'1 I � I r?1 I 1'%:;1 I 1/?1 I t;;,:;:..t 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Figure 3. Group B (LNK)  

N 
"" 
00 

..., 
Ol 
:s 

� 
�. 
0 
E1 
z 
.., 
�. 
0 
:s 
� 
> (") 
.., 
§' 
3 
'< 
0 ...., 
Cll 
(") 
c;· 
:s (") " 



220 

200 

E.COLI 

COMMON BACTERIA IDENTIFIED 1111 DIARRHEA STOOl PER YEAR 
(1980 19821 

ENTERO 

BACTER 

P R OTEUS SALMONEllA PSEUDO 

MONAS 

Figure 4. Group B (LNK) 

A. FECALIS 

0 1980 

� 1982 

CITROBACTER SHIGEllA 

� 
:: c: :::> Q. .0 
b:l ., n (') 
s· s· t:i 
�· 
g. "' e!. 
en 
0 0 tn 
0 ..., 
t:1 

� 
(') ::r =: Q. 
i5 0 Q. 

N "' \0 



260 Transactions National Academy of Science 

Table 1 1 . Stool Cultures By Age, Lungsod ng Kabataan (LnK) 

1981 1982 
Age No. % No. % 

0- l year 368 65 6 26 68 
1 -2 1 10 19.5 1 44 15.6 
2-5 84 14.7 1 4 8  16 

Total 562 9 1 8 

Table 12.  Most Common Bacteria Identified Per Year, Lungsod ng Kabataan (LnK) 

Organisms 1981 1982 

1. E. coli 253 282 
2.  Enterobacter 1 86 230 
3. Proteus 43 1 04 
4. Salmonella 30 95 

5. Pseudomonas 17 33 
6. Alkaligenes fecalis 4 13 

7.  Citrobacter 27 1 45 

8. Shigella 0 7 

The main objective was to identify bacteria associated with diarrheas in early 
childhood and to determine antimicrobials to which such bacteria are sensitive or 
resistant. A viral study was not undertaken but, by coincidence, this was done 
about the same time at San Lazaro Hospital by a research team, also in Metro 
Manila. 

In the fust hospital (Group A), the study included 624 cultures and in the 
second 1480 (Group B), giving a total of2,104 . In the research staff, two members 
were involved in both groups. 

Infants topped the list and constituted about 75% of the total patients in 
Group A and 65 to 68% in Group B. 

The incidences by month showed high figures, either the fust three months 
(Group A) or the last four months (Group B) of the year. 

The most conunon bacteria identified in the first group were Proteus, E. coli 
and Enterobacter while in the second the order was E. coli, followed by Entero
bacter, Proteus and Salmonella. 

Sensitivity tests showed a significant number sensitive to Gentamycin, 
followed by Amikacin, Tobramycin and Kanamycin. Almost consistently, there 
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p 147 54 48 - - 66 51 -
Enterobacter R 22 6 5 7  - - 3 7 2  -
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p 18 8 - - 18 - - 13 
Citro bacter R 6 1 - - 0 - - 2 

p 18 - - - 22 7 - -
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was resistance to ampicillin, chloramphenicol and neomycin in the commonly iden
tified bacteria. This was maintained from year to year in the 3-year study. 

In 1982 when discs of new preparations became available for testing, cifa
toxin and tobramycin showed the highest sensitivity with Gentamycin third or 
fourth in the list. On this year resistance was ·also high to ampicillin, chloranl
phenicol and kanamycin. 

A viral study by another research team on a similar age group, also in Metro 
Manila, showed an incidence of rotavirus in 42% under 1 year and 29% for the age 
group 2 -10 years old. 

It is expected that a number of questions, complications and suggestions will 
arise from this simple study. Many lessons have been learned; perhaps some proce
dures may be disregarded while many omissions will surface out. All these will 
result in a more effective and efficient steps in the diagnostic work-up of diarrheas. 
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ANNEX Ia 

CoUection, Processing and Identification of Bacteria 
in Stool Specimens and Rectal Swab 
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Unless the specimen can be taken immediately to the laboratory and properly 
handled, all swabs may be added to a screw capped vial container of Cary and 
Blair and transported to the laboratory for culture . 

Fresh stool specimens are directly plated to the medium as illustrated. 
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Vuginia Basaca-Sevilla, Discussant 

I have always hoped that researchers on the subject of etiologies of diarrheas 

do not encounter difficulties ordinary laboratories like the Bureau of Research and 

Laboratories are faced with, everyday. But the statement of the authors at the end 

of the paper like "expectation of questions, complications, suggestions, disregarding 

of procedures and omission" make me surmise that most probably they did have 

problems similar to us. We have to admit that each agency or institution doing this 

kind of work, has a different work environment and clientele and their own work 

limitations which may be funding for supplies and reagents, technical personnel, 

interested clinicians and enough time without sacrificing time for service work load. 

To solve part of this, we have learned to collaborate with other institutions so that 

objectives of a particular study can effectively be divided and accomplished effi

ciently. I hope my guess is also right that there was not much funding problem since 
the researchers proceeded to sensitivity testing (which is expensive) of all isolates, 

without having to go through proving that the isolate surely caused the diarrhea or 

they were also very fortunate in having pure cultures on isolation. 

Allow me to add a little bit of information gathered from the data of others 

working on the etiologies of diarrhea whether as a routine effort or for research. 

Using accepted standard technics and the minimum of standard media and 

reagents like Cary and Blair, MacConkey, S.S. Agar, Nut[ient Agar Bile Salts 
Medium, Selenite broth and Peptone water, the BRL cultures rectal swabs samples 
from diarrheal patients to isolate Salmonellas, Shigellas, Vibrio choleras, V. para

hemolyticus, Edwardsiella tardas and E. coli. 

For 1982 , there were 407 or 2 1.40% isolations for bacterial enteric pathogens, 
from 1901 rectal swab samples from diarrheic children confined at San Lazaro 

Hospital. Of the isolates, 51.38% were Salmonellas, 36.57% were Vibrio choleras, 

4.62% were Shigellas, 0.46% V. parahemolyticus, 3.93% non-agglutinable vibrios, 

and 3% biochemically Salmonellas. In 1983, of 1,691 samples from diarrheic child

ren confined in the said hospital there were positive isolations in 363 or 21.52%. Of 

the bacterial enteric pathogens, 59.35% were Salmonellas, 33.42% Vibrio choleras, 

5.88% were Shigellas, 1 .07% V. parahemolyticus, 0.26% biochemically Shigellas. 

From the no more than 2 years of age, there were 6 5 or 3.41% isolates for E. coli in 

1982 and 119 or 7.3% in 1983. 

Of the 1,266 samples from the regional and provincial surveillance system 

from children with diarrhea in 1982 , the BRL found that 190 or 15% had positive 

bacterial enteropathogenic isolation. Of these isolates 73 .71% were Salmonellas, 

24.22% were V. choleras and 1.03% each ofV. parahemolyticus and biochemically 

Salmonellas. In 1983 there were 226 or 11.23% isolations from 2,011 samples. Of 

the isolates 59.91% were Salmonellas, 37.65% were V. choleras, 1 .2 1% were 

Shigellas, 0.8% E. tardas and 0.4% Arizona Hi.nshawa. There were 104 or 8.21% E. 

coli isolated in 1982 and 108 or 5 .37% in 1983. 
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Of 74 strains of E. coli isolated by the BRL from children below 2 years of 

age, 33 or 44.59% were found to be toxigenic by Dr. Antonio Jacalne of the Insti

tute of Public Health, U.P. utilizing the intestinal loop test in rats. The most 

common salmonella serotypes isolated are S. typhimurium, S. senftenberg, S. 

worthington, S. anatum, S. stanley, S. newport and S. derby. It is mostly V. cholera 

ogawa that's isolated and Shigella Group B. The youngest child from whom isola

tion was made for cholera, shigella or salmonella is one month old. 

The report of the preliminary evaluation of a study on the etiologies of 

pediatric diarrheas in the National Children's Hospital done by the Research Insti

tute of Tropical Medicine showed that the prevalence of rotavirus in 620 patients 

studied was 16%, for Salmonella 57%, for enterogenic coli 24%, for the shigellas 

10%, for the choleras 4.81%, for the campylobacter 0.6% and for the E. histoly

ticas 4.19%, and for the Giardia lamblia 0.32%. This is research data. 

The research paper under discussion gives the prevalence of isolation for Sal

monellas in the Children's Medical Center as 10.8% for 1980, 9.3% for 1981 and 

15.9% for 1982. Shigella prevalence varied from 1.4% to 3 .8%. From the Lungsod 

ng Kabataan the Salmonella prevalence was 5.3% for 1981 and 10 .45% for 1982. 
The prevalence of isolations for Salmonellas, Shigellas and Vibrio choleras are cer

tainly much lower in these institutions. In both hospitals the E. coli isolation pre

dominate varying from 31% to 45%. 
It is hoped that the information and experience of others will add to the data 

obtained by the researchers of this study. It is further hoped that more funds will 
be provided to adequately serve each patient suffering from diarrheas as the deter

mination of the etiology of diarrheas is not done only when there is a research 

going on but an everyday activity of each laboratory, whether it is a public health 

laboratory or a hospital laboratory. 

To save money and time it is suggested that sensitivity tests be not a routine 

procedure in enteric bacteriology except in certain situations where surveillance of 

the response to antibiotics is regularly being done for certain microorganisms like 

S. typhi or S. para A. This regular monitoring is done by the Central Laboratory. 

Sensitivity tests also should be done on specific strains of organisms not grouped 

together. It is further hoped that as we know more and more of the etiologies of 

our diarrhea, the control and eradication should not be far off. 
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EFFECT OF TREATMENT REGIMEN ON REINFECTION 
OF SOIL-TRANSMITTED HELMINTHIASES IN THE PHILIPPINES 
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The control of soil-transmitted helminthiases, namely: ascariasis, trichuriasis 

and hookwom1 infection particularly in developing countries like the P hilippines is 
defmitely not an easy thing to do. This is because of the several factors that come 

into play in their transmission. Some of these factors are poor environmental 

sanitation, poor personal hygiene, lack of health education, inadequate supply 

of potable water in the area and low economic status of the people. 

Several studies have been done in the recent past in an attempt to determine 
the most practical yet most effective method of controlling the soil-transmitted 

helminthiases particularly ascariasis which is usually the most common of them 
all. Some of these studies focused on the determination of the minimum effective 
dose of anthelmintics {Chen, E.R. et al., 1980, Abidin, S.A.N. et al., 1980); fre

quency of drug administration (Chen, E.R. eta/; 1 983); the use of medicinal plants 
with anthelmintic properties {Unhanand, M. 1980: Unhauand, M. et al., 1980; 
Keittivuti, B. et a/., 1983 ; Sahu, R. B. et al . . 1983, Unhanand, M. et al. 1983), 
comparison of mass over selective treatment {Cabrera, B. D. et at., 1983) and clinical 
trials and review of new broad pectrum anthelmintics (Harinasuta, C. 1980; 
HarinasuLa, C. 1980; Dissanaike, A.S. et al., 1980; Kobayashi A. 1980; Yokogawa, 
M. 1980, Abidin, S.A.N. et al., 1980; Seo, B.S. 1980; Margono, S.S. et al., 1980; 
Muttalib, M.A. et al., 1983; Kan, S.P. et al., 1983; Keittivuti, A. et al., 1983; 
Kan, S.P. 1983; Ismail M.M. eta/., 1983, Yokogawa, M. 1983). 

This paper is a compilation of data on several methods tried in the Held by 

the aulhor us.ing the various treatment regimen of soil-transmitted helminthiases. 

Stool examination follow-up was done after each treatment regimen to determine 

reinfection rates of ascaris, trichuris and hookworm infections. 

lt must be emphasized here that reinfection is an important factor to consider 
in attempting to control soil-transmitted helminthiases in a given community or 

the entire country. A previous report by Cabrera B.D. 1978 has shown t11at the 

significant rise in reinfection rates for ascaris, trichuris and hookworm among 

subjects given treatment only once were 4 months for ascaris and 2 months for 

both lrichuris and hookworm. It is for this reason that this work was done in

asmuch as very few other studies in the past have considered this particular aspect 

in control programs. 

269 
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Table l. Comparison of Reinfection Rates of Ascariasis Among Children in Three Selected 
Areas, 1983. 

Post Treatment Stool Follow-up (Months} 
Place 

3rd 6th 

P uting Sapa• (155 )  3.2 82.2 

Pangpang** (37) 4.5 30.0 

San Narcisco••• (51) 9.0 13.6 

* = Treatment given only once (group 1). 
** = Treatment given every 4 months for one year (group 2). 

*** = Treatment given every 4 months for 3 years (group 3). 

( ) = Number of study subjects 

Materials and Methods 

9th 

94.8 

5 2.9 

43.9 

12th 

97.7 

64.1 

Preliminary stool surveys were made to determine the prevalence of 
ascariasis, trichuriasis and hookworm infection. From this data, we were able to 
select the subjects to be included in the treatment. Broad spectrum anthelmintics 
were then given to those found positive for eggs of any of the 3 soil-transmitted 
helminths. This was followed by a reexamination of the stool of all treated subjects, 
10-14 days after treatment. All those found negative for eggs became the subjects 
for the re-infection rate study. About 243 children and 221 adults were involved 
in the three reinfection rate studies, done separately and at different times and 
areas. All study subjects gave zero reinfection rates during the first month obser
vation. The-succeeding stool examinations were done at the 3rd, 6th, 9th and 12th 
months. It is from the results of these post-treatment stool follow-up that reinfec
tion rates were determined. TI1e methodology applied were practically the same 
for all the 3 groups except for the frequency and duration of treatment regimen. 

TI1e tluee reinfection studies were divided into 3 groups based on the fre
quency and duration of the treatment regimen. Hence, in group I the subjects 
were treated with Pyrantel pamoate and/or Mebendazole 10 mg/kg body weight 
single dose or 100 mg twice a day for 3 days respectively. This treatment regiment 
was given only once and the second year was devoted to reinfection rate deter
mination. In group 2 the subjects were given Flubendazole alone and Flubendazole 
with Levamisole, 500 mg tablet single dose and 500 mg tablet plus 10 mg Leva
misole tablet respectively. The treatment was given every 4 months for one year; 
then followed by reinfection rate determination every 3 months lasting for only 9 
months. In group 3, the subjects were given Oxantel-pyrantel (Quantrel) 5mg/kg 
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body weight single dose every 4 months for the first two years, then 10 mg/kg. 
body weight single dose every 4 months for one more year or a total of 3 years. 
The 4th year was devoted to reinfection rate determination. 

Results and Discussion 

The 3 groups included in the present study carne from three selected areas 
in the Philippines. The subjects were composed of both children and adults. The 
pre-treatment prevalence rates of ascaris, trichuris and hookworm among children 
in the 3 selected areas were 83, 93 and 69 percent respectively for group I; 63, 
88 and 24 percent respectively for group 2 and 77, 86 and 17 percent respectively 
for group 3. Among adults in the same order of helminths. the prevalence rates 
were 81, 93 and 76 percent for group 1; 50, 89 and 32 percent for group 2 and 
71, 83 and 12 percent for group 3. 

The reinfection rates of ascariasis among children following a successful 
treatment from the 3 groups is shown in Table 1 and Figure 1. The data on the 
3rd month in table l appears to be in agreement with previous findings. The re
infection rates from the 3 areas ranged from 3 to 9 percent. It is very evident in this 
table particularly from the 3rd to the 12 months, that single treatment regimen 
(group 1), gave the fastest and the highest reinfection rates when compared with 
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Table 2. Comparison of Reinfection Rates of Trichuriasis Among Children in Three Selected 

Areas, 1983. 

Post Treatment Stool Follow Up (Months) 
Place 3rd 

Puting Sapa * (84) 52.3 

Pangpang * (10) 30.0 

San Narciso* * *  (43) 4.5 

"' = Treatment given only once (group 1). 

6th 9th 12th 

79.5 90.3 91.5 

50.0 60.0 

12.1 15.1 62.3 

""" = Treatment given every 4 months for one year (group 2). 

"'*"' = Treatment given every 4 months for 3 years (group 3). 
( ) = Number of study subjects 

the periodic treatment of 3 times a year for one year (group 2) and 3 times a year 
for 3 years {group 3). By the 6th month the reinfection rate for single treatment 
was already more than 82.2 percent, while periodic treatment for one year resulted 
only in 30 percent reinfection. The result in periodic treatment for 3 years gave 
a much lower reinfection rate of 13.6 percent. Looldng at the 9th month, single 
treatment resulted in 94.8 percent reinfection rate as compared to 52.9 and 43.9 
percent reinfection rates for one year and 3 years treatment regin1en respectively. 
At 12 months post treatment, single treatment gave a 97.7 percent reinfection rate 
of 64 percent. From past experience we presume that the reinfection rate of group 
2 on the 12th month would be a little higher than group 3, probably around 70 
percent. 

The reinfection rates of trichuriasis are shown in Table 2 and Figure 2. At 

the 3rd month post treatment, trichuriasis reinfection rates for single and periodic 
treatment for one year were 52.3 and 30.0 percent respectively, while periodic 
treatment for 3 years was only 4.5 percent. At the 6th month, single treatment 
and periodic treatment for one year gave 79.5 and 50.0 percent reinfection rates 
respectively while periodic treatment for 3 years gave a 12.1 percent rate. At 
the 9th month, the reinfection rates for single and periodic treatment for one year 
were 90.3 and 60.0 percent respectively, while periodic treatment for 3 years 
was 15.1 percent. At the 12th month, rates of 91.5 and 62.3 percent were obtained 
for single and periodic treatment respectively. As in the case with ascariasis, the 
reinfection rates of trichuriasis were lower in the periodic treatment for a period 
of 3 years than in the other treatment regimen. 

The hookworm reinfection rates in the 3 groups representing various treat
ment regimen are shown in Table 3 and Figure 3. It is quite apparent that reinfection 

rates in periodic treatment for a year and also periodic treatment for 3 years were 
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very much lower when compared to the rates obtQined under a single treatment 
regimen. 

Of the three soil·transmitted helminths where ingle treatment regimen was 
applied, ascaris has the lowest reinfection rate (3%) at the 3rd month observation 
period while trichuris and hookw01m have .much hlgher reinfection rates (52 and 
4 7%) respectively. This is probably because it takes around 4 months for ascaris to 
show a significant rise in reinfection while trichuris and hookworm need only 2 
months for a significant rise in reinfection (Cabrera, B.D. 1978). At the 6th month, 
single treatment reinfection rates for ascaris, trichuris and hookworm were about 
the same, around 80 percent. With periodic treatment for one year (group 2) 
the reinfection rates for ascaris and hookworm were about the same (30%) but 
higher rates (50%) were obtained with trichuris. ln the periodic treatment for 3 
years (group 3), the reinfection rates for ascaris and trichuris were about equal 
13 and 12 percent, but lower rates for hookworm were obtained (6%). At the 9th 
month, single treatment reinfection rates for the three helminths were about 
equal with rates over 90 percent. With periodic treatment for one year, trlchuris 
had the highest. reinfection rate, followed by ascaris, with hookwom1 having the 
lowest rate. The Pangpang study on reinfection (group 2) was terminated at the 
Oth month due to non-cooperation of the subjects. The rates for the periodic treat-
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Table 3. Comparison of Reinfection Rates of Hookworm Infection Among Children in Three 

Selected Areas, 1983. 

Poit Treatment Stool Follow-Up (Months) 
P/Qce 

3rd 6th 

Puting Sapa• (94) 46.8 84.4 

Pangpang•• (43) 27.0 32.0 

San Narciso••• (53) 3.0 6.0 

• = Treatment given only once (group 1). 
•• = Treatment given every 4 months for one year (group 2). 

••• = Nwnber of study subjects. 

( )  = Number of study subjects 

9th 12th 

93.3 93.3 

37.8 

21 .2 24.5 

Table 4. Comparison of Reinfection Rates of Ascariasis Among Adults in Three Selected 

Areas, 1983. 

Post Treatment Stool Follow-up (Months) 
Place 

3rd 6th 

Puting Sapa * ( 145) 0.0 50.8 

Pangpang * *  (2 1) 2.5 6.6 

San Narcisco••• (55) 3.6 9.3 

• = Treatment given only once (group 1). 
•• = Treatment given every 4 months for one year (group 2). 

••• = Treatment given every 4 months for 3 years (group 3) 
( ) = Number of study subjects. 

9th 

84.7 

12.9 

20.7 

12th 

95.7 

28.7 

ment for 3 years (group 3) were the lowest when ·compared to groups 1 and 2. The 

same trend was maintained at 12th month post treatment observation. 

Looking at figures 1, 2 and 3 for ascaris, trichuris and hookworm respectively, 

it appears that single treatment regimen (group 1) gave the highest and fastest 

reinfection rates in all the three soil-transmitted helminthiases. This rate was 

followed by the periodic treatment regimen for one year (group 2) and the lowest 

reinfection rates for the three helminths were obtained from the periodic treatment 

regiment for 3 years (group 3). 
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Table 5. Comparison of Reinfection Rates of Trichwiasis Among Adults in Three Selected 

Areas, 1 983. 

Post Treatment Stool Follow-up (Months) 
Pkzce 

3rd 

Puting Sap a* (79) 53.1 

Pangpang**· (9) 12.4 

San Narcisco*** (38) 5.2 

* Treatment given only once (group 1 ). 

6th 

83.7 

25.8 

6.9 

** Treatment given every 4 months for one year (group 2). 
*** Treatment given every 4 months for 3 years (group 3). 
( ) = Number of study subjects 

9th 

89.1 

32.4 

15.4 

12th 

93.2 

26.6 

Table 6. Comparison of Reinfection Rates of Hookworm Infection Among Adults in Three 
Selected Areas, 1983. 

Post Treatment Stool Follow-up (Months) 
Place 

3rd 6th 

Puting Sapa * (7) 60.0 93.8 

Pangpang** ( 14) 7 . 1  8.5 

San Narciso*** (60) 1 .6 5.6 

* = Treatment given only once (group 1). 
•• = Treatment given every 4 molnths for one year (group 2). 

••• = Treatment given every 4 months for 3 years (group 3). 
( ) = Number of study subjects. 

9th 12th 

93.8 95.3 

9.3 

11 .2 1 5.7 

The reinfection study among adults was based on data gathered from the 
same three selected areas. The reinfection rates of ascariasis is shown in Table 4 
and Figure 4. The rates at 3rd month observation ranged from zero to 3.6 percent 
in the 3 groups, which was rather low compared to those obtained among children. 
At the 6th month, however, the reinfection rate of the single treatment regimen 
(group 1) was 50.8 percent while the periodic treatment given 3 times a year for 
one year (group 2) was only 6.6 percent and 9.3 percent for the periodic treatment 
3 times a year for 3 years (group 3). At the 9th month, the reinfection rate for 
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group 1 was 84.7 percent as compared to 12.9 and 20.7 percent for groups 2 and 3 
respectively. At the 12th month, group 1 had a reinfection rate of 95.7 percent 
compared to 28.7 percent for group 3. It is quite evident from these data that 
periodic treatment given 3 times a year for three years was much better than the 
single treatment regimen. 

The reinfection rates of trichuriasis are shown in Table 5 and Figure 5. It can 
be seen here that the reinfection rates at the 3rd month were higher than those of 
ascariasis. Single treatment regimen (group 1) registered a 53 percent rate while the 
periodic treatment regimen for one year (group 2) and the periodic treatment for 
3 years (group 3) were 12.4 and 5.2 percent respectively. At the 6th month obser
vation, the single treatment regimen registered a 83.7 percent rate as compared to 
25.8 and 6.9 percent for groups 2 and 3 respectively. At the 9th month, the reinfec
tion rate for the single treatment gradually increased to 89 percent as compared to 
32 and 15 percent for groups 2 and 3 respectively. At the 12th month, group 1 
reached 93.2 percent while group 3 reinfection rate was only 26.6 percent. The 
reinfection rates for the three helminths at the 12th month were all over 93 per
cent. 

The reinfection rates for hookworm infection are shown in Table 6 
and Figure 6. With the exception of the single treatment regimen (group 1) which 



278 

20 / 
/ 

I 
/ 

I 
I 

I 

I 

/ 
I 

I 

Transactions National Academy of Science 

/ 
/ / / 

/ 
/ 

/ ·-·-·-·-·-·--·-·-·-

LEGEND: 

-·--- Puting Sapa 

--- P•ngpang 

---San Narciso 

------- -
---------

3 6 9 
Post Treatment Follow-up (Months) 

12 

Figure 6. Comparison of Reinfection Rates of Hookwotm Infection Among Adults in Three 

Selected Areas. 

gave a reinfection rate of 60 percent at the 3rd month, the rates for groups 2 and 3 
were quite low ranging from 1.6 to 7 percent respectively. At the 6th month, 
group 1 gave a 93.8 percent reinfection rate while groups 2 and 3 gave 8.5 and 5.6 

percent respectively. While the single treatment regimen remained more or less 
stationary at 9th and 12th months observation, the periodic treatment regimen 
for one year and also for 3 years maintained a low level of reinfection rates ranging 
from 9 to 15.7 percent respectively. 

Comparing the reinfection rates of ascariasis among children with those among 
adults for the 3 groups, we noticed that the adults showed consistently lower rates 
than children during all the periods of observation. The difference in rates were 
evident in groups 2 and 3 where the periodic treatment regimen was applied. ln 
group 1, where single treatment regimen was applied, the reinfection rates for both 
children and adults were not much different. 

ln the case of trichuriasis reinfection rates, the adults showed lower rates than 
children among those given periodic treatment. There was no difference at all 
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between reinfection rates among children and adults where single treatment regimen 
was applied. In fact, adults showed slightly higher reinfection rates. 

In hookwonn the reinfection rates among adults were higher than in children 
probably because farming was the principal occupation in Puting Sapa (group I). 
In groups 2 and 3 where periodic treatment was applied, it was quite evident that 
the reinfection rates obtained among adults were much lower than those of children. 

Summary and Conclusion 

Reinfection rates of soil-transmitted helminthiases from 3 groups of subjects 

given broad spectrum anthelmintics and using different treatment regimen are 
hereby presented. 

The data gathered showed that subjects given a single treatment regimen 
(group 1) had the highest and fastest reinfection rates, followed by those given 
periodic treatment of 3 times a year for one year (group 2). The lowest reinfection 
rates were obtained from those given periodic treatment every 4 months for 3 years 

(group 3 ). In general, adults showed lower reinfection rates when compared to 
children particularly on those subjects that were given periodic treatment regimen. 

From this study, there seems to be justification in recommending the adop
tion of periodic treatment for 3 years in the control and/or eradication of soil

transmitted helminthiases in this country. This statement is based on the low 

reinfection rates of the 3 common intestinal helminths when subjects were given 
the above treatment regimen. TI1e low reinfection rates may be explained by th 
death or non-infectivity of the eggs or larvae in soil within a 3 -year period and hence 
transmission is minin1ized and eventually stopped. 
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For any given graph G, the cycle graph C(G) has vertices which correspond to 
the chordless cycles of G, and two distinct vertices of C(G) are adjacent if and only 
if the corresponding chordless cycles have at least one edge in common. The graph 
G is cycle-vanishing if the iterated cycle graph C" (G) is acyclic for some finite 
integer n; otherwise G is cycle-persistent. This paper gives a characterization of 
cycle-vanishing graphs , and in particular proves that C3(G) is acyclic if G is cycle 
vanishing. 

Introduction 

All graphs considered in this paper are fmite , loopless and without multiple 
edges. Definitions of undefined terms and notions can be found in [3]. 

A chord in a cycle is an edge joining two non-consecutive vertices in the 
cycle. 

Given a graph G, the associated cycle graph C(G) has vertices which corre
spond to the chordless cycles of G, and two vertices of C(G) are adjacent if and 
only if the corresponding chordless cycles of G have at least one edge in common. 
In particular, if G is acyclic then C(G) is the null graph which we denote by 1/J. 
For example, if G is the graph shown in Figure 1(a), the chordless cycles of G are 
A 1 = 123 1 ,  A 2 = 236542 , A 3 = 456874, and A4 = 2368742 . Using a; to denote 
the vertex corresponding to the cycle A;, the cycle graph C(G) is shown in Figure 1 
(b). 

(bl C(G) 

Figure 1 . A graph G and its cycle graph C(G). 

285 
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If O' (G) denotes the n-fold cycle graph of G, then G is a cycle-vanishing 
graph if en (G) = 1/> for some positive integer n and otherwise G is a cycle-persistent 
graph. For example, if G is the graph in Figure l (a), then c2(G) = K2, the complete 
graph of order 2, and C3(G) = </>; hence G is cycle-vanishing. It is easily verified that 
C(K4 ) = K4, so the complete graph of order 4 is cycle-persistent . The problem of 
classifying cycle-vanishing graphs is the main concern of this paper. 

The idea of cycle graph is motivated by the concept of line graph of a graph 
(5] .  This is the graph L(G) whose vertices correspond to the edges of G and two 
vertices are adjacent if and only if the corresponding edges have a vertex in com
mon. Perhaps the idea of clique graphs [ 4] was also motivated by the same con
cept. 

Some Basic Properties 

If H is any subgraph of G, the induced subgraph H is the subgraph with the 
same vertex set as H and such that two vertices in jj are adjacent if and only if 
they are adjacent in G. If fi = H, then H is simply an induced sub graph of G. 

Lemma 1 .  If C is any cycle in a graph G, then each edge of C belongs to a chord less 
cycle of G contained in the induced sub graph C. 
Proof If C is chordless, then C =C and the lemma holds. So suppose C has chords. 
Then C has order n ;;;. 4, and we may suppose the lemma holds for all cycles of 
smaller order in G. Any chord of C divides C into two cycles C' and C" each of 
order less than 11. Since all chords of C belong to C, then C' and C" are subgraphs 
of C. The lemma therefore follows by induction on n. 

Lemma 2. If H is an induced subgraph of G, and C is any cycle in H, then C is 
chordless in H if and only if it• is chordless in G: 

Proof If  C � the subgraph of G induced by C it is also the subgraph of H induced 
by C, since H = H. So the lemma follows. 

Lemma 3. If G has an induced subgraph which is cycle-persistent, then G is cycle
persistent. 

Proof By Lemma 2, if H is any induced subgraph of G then C(H) is an induced 
subgraph of C(G). If H is cycle-persistent, it follows that cn(H) is never the null 
graph, so C" (G) is never null, whence G is cycle-persistent . 
Theorem 1 .  If the graph G contains an edge which belongs to at least four chord
less cycles, then G is cyle-persistent. 

Proof Let H_ be a sub graph of G containing four chordless cycles with a common 
ed�. Then H contains the same four chordless cycles, and correspondin� to them 
C(H) contains a sub graph K4 . Since K4 is cycle-persistent, it follows that H is cycle
persistent, and hence G is cycle-persistent, by Lemma 3.  

A bridge of a graph G is  an edge which does not belong to  any cycle in G. 
The bridge-free spanning subgraph of G, denoted by G, is the graph obtained from 
G by deleting all its bridges. 
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Lemma 4;.....A graph G is cycle-persistent if and only if its bridge-free spanning 
subgraph G is cvcle-persistent. 
Proof The cy�les of G are precisely the cycles of G, so C(G) = C(G), whence the 
lemma follows. 

This lemma shows that in order for G to be cycle-persistent , it is necessary 
and suftlcient for some component of G to be cycle-persistent. We can sharpen 
this result. Recall that a cut vertex of a graph G is any vertex v such that the 

graph G-v, induced by all vertices of G except v, has more connected components 
than G has. A block is a connected graph which has no cut vertices, and a block 
of a graph G is a maximal connected subgraph which is a block . In a b lock of order 
at least 3, any two vertices lie on a common cycle. 

Theorem 2. Lee G be a co11nected bridgeless graph of order at least 3. Then C(G) is 
connected 1[ and only if G is a block. 
Proof First a5sume that G is a block. Since its order is at least 3, it contains a 
cycle. I f  G is a cycle , C(G) = K 1 so C(G) is connected . Now suppose G con tains 
more than one cycle , and therefore at least two chordless cycles. Let A, B be two 

chordless cycles, with corresponding vertices a, b in C(G). If A, B have a common 

edge . then a and b are adjacent .  If A, B have no common edge they are joined by 
a path P, since G is connected. Let us assume that P has order at least 2 (P may be 

of order 1 but this case is easier to handle). Let u, v be the end vertices of P. with u 
in A and v in B. Let w be adjacent to u in A, and let x be adjacent to u in P (x may 
coincide with v). Since G has no cutvertices there is a path Q with end vertices w 
and x, which does not pass through u (Figure 2). We may assume Q has the least 
order among such paths. Witit the path wux, the path Q forms a cycle C. If C has 

chords, the construction ensures that any chord it bas must be incident with u. 
Thus whether C is · chordless or not, there is a sequence of chordJess cycles which 
begins with A and ends with a cycle C' containing the edge ux , and consecutive 
cycles sl1are a common edge (which happens to be incident with u). The subpath 
of P which joins C' and B has smaller order than P. Thus, iteration of the construe-

.... .... .... ', a 
'\ 

'\ 
\ 

' 
\ \ I 

figure 2. ConsLiuction fo r the sufficiency part of Theorem 2. 
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tion yields a sequence of chordlesss cycles A = A  1 ,  A 2 , . .  , An = B with the proper
ty that consecutive cycles have a common edge. Conscquently;there is a corre
sponding path a = a 1 , a2 , . . .  , ian = b in C(G) , whence C(G) is connected .  

Conversely, assume thaC G is not a block. Since G is connected and bridgeless 
each of its blocks has order at least 3. Since G is not a block, it has at least one cut 
vertex ,  say x. Therefore x is adjacent to vertices u, v, w such that u, v and x lie on 
a chordless cycle A and w lies in a component of the subgraph induced by G - x 
different from the one which contains u and v (Figure 3). The edge xw lies in 
some chordless cycle B. Any sequence of chordless cycles A =A 1 , A 2 , . . .  , An = B 
such that no two consecutive cycles are disjoint must be such that some pair shares 
only the vertex x. Thus, if a and b are the vertices of C(G) corresponding to A and 
B, there is no path between them, so C(G) is disconnected. 

I 
I 

I 
I 
I 
\ 
\ 

/ / / 

., / 

\ 
\ ' 

' ...... 

- - - - - - ..... -

...... _ _ _ _ _ _  ,.,.. ., 

figure 3. Construction for the necessity part of Theorem 2 .  

Corollary . For any graph G, the connected components of C(G) are the 
cycle graphs of the blocks of G with at least 3 vertices. 

Characterization of Cycle-Vanishing Graphs 

A cycle C intercepts a tree T if the intersection of C and T is precisely the set 
of end vertices of T For convenience, suppose C is a cycle embedded in the eucli
dean plane: two paths intercepted by C are parallel if they can be drawn in the 
interior of C so that they are internally disjoint (though they may have end vertices 
in common). Two paths intercepted by C are skew if they are disjoint but are not 
parallel. These definitions are illustrated in Figure 4. 
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Figure 4. A family of paths each intercepted by the cycle C. The paths P, QS, T. U, V and W are 

pairwise parallel; the paths p and QR are skew; the paths QR and QS are neither parallel 

nor skew. 

Lemma 5. A graph G contains a cycle which intercepts two skew paths if and on(v 
if it contains a cycle which intercepts a tree with three end vertices. 
Proof This is simply a matter of two ways of describing the same configuration. 
Let S, T, U be the three branches of a tree with three end vertices ; let the paths 
P, Q, R join the end vertices of the tree to fonn a cycle which intercepts the tree, 
so that P joins the end vertices of ST, Q joins the end vertices of TU, and R joins 
the end vertices of SU (Figure 5). 

a 
p 

Figure 5. The configuration for Lemma 5. 

Then P, T. U, and R form a cycle which intercepts the skew paths Q and S. 
Let C be a cycle which intercepts three parallel paths P, Q, R. Then Q sepa

rates P and R (with respect to C) if C contains paths U and V such that Q joins 
U �nd V, and PUR V is a cycle which intercepts Q {Figure 6). For example, note 
in Figure 4 that T separates P and U, but U does not separate T and V, relative 
to C. 
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---�--� 
u 

Pigure 6. Relative to C, the paths P and R are separated by the path Q. 

c 

Two paths intercepted by a cycle C are C-independent if they are separated 
by some path intercepted by C; otherwise they are C-dependent. An ideal of C 
is a maximal family of C-dependent paths. For example, in Figure 4 an ideal of C is 
I T,U, V, Wf .  
Theorem 3. If C is a cycle-vanishing graph, it contains no cycle which intercepts 
two skew paths. 
Proof. We shall prove the contra positive of the theorem . Let C be a g(aph which 
contains a cycle that intercepts two skew paths. By Lemma 5 ,  G contains a cycle 
C which intercepts a tree T with three end vertices u, v, w (Figure 7) . 

" 

z 

Figure 7. A cycle C intercepting a. tree T with three end vertices u. v, w. 
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In Figure 7 ,  we show the cycles X ,  Y, Z each being formed by a pair of 
branches of T and a path in C We can assume that T has the least number of edges 
•among all trees with three end vertices intercepted by some cycle in G. Further
more, among all cycles intercepting T. we assume that C has the shortest length. 
Then the subgraph X induced by X does not contain edges like the ones indicated 
by the dashed lines in Figure 7. This condition also holds in the induced subgraphs 
Y and .i..Hence, any chord in X, Y, or Z is incident with the vertex p common to 
the three branches of T. Therefore there is a sequence of chordless cycles A 1 .  
A 2 • . . .  , An,  A 1 in G such that consecutive cycles share a common edge (which 
happens to be incident with p). This sequence of chordless cycles in G correspond 
to the cycle a1 a2 . . .  ana1  in C(G) where ai is the vertex corresponding to Ai. 
! Let ei be an edge common to C and Ai (i = 1, 2, 3). By �mma 1 ,  ei lies in a chord
less cycle, say Bi, contained in the induced subgraph C Clearly, Bi is not equal 
to any cycle Ai. Let bi be the vertex J:n C(G) corre�onding to Bi. Then ai and bi 

' are adjacent in C( G) (Figure 8). Since C is a block, C(C) is connected by Theorem 2 . 

....... ' ' ' ' \ \ I 
,J..- _ _ _ ... "'a 

Figure 8 .  A cycle a 1a2 . . .  a11a 1 in C(G) and three outside vertices b 1 ,  b2 ,  b3 adjacent to a 1 ,  
a2 and a3 respectively. 

Therefore there exists a path P in C(C) joining b1 and b2 . Also, there exists a 
path Q in C(C) joining b3 to P (Figure 8). The paths P, Q and the edges Oibi (i = 
I ,  2, 3) form a tree with three end vertices a1 a2, a3 , intercepted by the cycle 
a1a2 . . .  ana 1 .  Our argument actually shows that for each positive integer n, 
cn(G) contains a cycle (intercepting two skew paths). Hence G is not cycle-vanish
ing. 

A path of order at least two in a graph G is reflexive if its end vertices are 
adjacent in G otherwise it is i"ejlexive. Note that a path of order 2 is necessarily 
reflexive ; an irreflexive path has order at least 3 .  

Theorem 4 .  Let G be a graph composed of a CJ cle C and a family p of parallel 
intercepted paths. Then G is cycle-vanishing if and only if it has the following 
properties: 
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( 1) A ny two i"eflexive paths of p are separated by at least two chords in p. 
(2) Any ideal of C consisting of at least 4 paths contains only reflexive paths. 

Proof First assume that G is cycle-vanishing. Let Q and R be two irreflexive paths 
in p, and suppose they are separated by at most one chord in p. Let U, V be the 
paths in C forming a cycle C' with Q and R Then C - C' consists of two edge
disjoint paths Q', R '  such that A = QQ' and B = RR ' are cycles (Figure 9). By 

Figure 9. A cycle C = Q 'UR 'V intercepting two irreflexive paths Q, R separated by at most one 
chord E. 

�mma 1 ,  there exists a chordless cycle A 1 containing Q in the induced subgraph 
A. Similarly, there exists a chordless cycle B1 containing R in the induced subgraph 
B (Figure 1 0). 

Figure 10. An induced subgraph consisting of two chordless cycles A 1 ,  B 1 and a cycle QUR V 
with at most one chord E. 
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In case Q and R are not separated by a chord, then the induced subgraph in 
Figure 10 has a cycle graph of order 6 and is shown in Figure 1 1  (a) if U or V has 
order at least 2, and Figure l l(b) if both U and V have order 1. In either case, 

( a )  

Figure 1 L Cycle graph o f  a n  induced sub graph o f  G. 

we have a cycle which intercepts two skew paths. It follows from Theorem 3 that 
G is cycle-persistent. In case there is a chord E which separates Q and R. then E 
lies in 4 chordless cycles. By Theorem 1 ,  G is cycle-persistent. . 

Let K = I Q1, Q2, . . .  , Qk l be an ideal of C with k 0 ;;,.  paths. Let R 1, R2, 
. . .  , Rk be the edge-disjoint paths in C whose end vertices are those of Q1, Q2, 
. . .  , Qk respectively and let Ai ( i = 1, 2, . . .  , k) be the cycle 0Ri (Figure 1 2  ) . 

Figure 1 2. An ideal K =- l Q1 , Q2 , . . . •  Qk \ of C. 

By Lemma I ,  there exists a chordless cycle containing Qi in the induced subgraph 
A;: We may then assume, without loss o[ generality that each Ai is a chordless 
cycle. Let the path Si be defined as Qi if 0 is irreflexive, and otherwise it is the 
edge joining the end vertices of 0. 

Now suppose that there is an irreflexive path in K, say Qi. Let A be the cycle 
formed by Q1, S2 , S3 , . . . , Sk and some paths in C; let B be the cycle formed by 
R 1, S2, S3 , . . .  , Sk and some paths in C. Then A, B are chordless cycles having 
some common edges. Let a, b be the vertices in C(G) corresponding to A, B; let ai 
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be the vertex in C(G) corresponding to Ai (i = 1 ,  2 ,  . . .  , k). Then ai is adjacent to 
both a and b since the path Si is common to A, B and Ai. Therefore we have at least 
4 chordless cycles abaia (i = 1 ,  2, . . .  , k) in C(G), each containing the edge ab. 
By Theorem 1 ,  C(G) is cycle-persistent, and so G is. This is a contradiction, and 
hence property (2) must necessarily hold. 

We now prove the converse of the theorem by induction on the cardinality 
of p. It is easily verified when I p I ,.;;;; 2. Let I p I =  n ;;;;. 3 and assume that any graph 
consisting of a cycle and a family of less than n parallel intercepted paths satis
fying properties ( 1 )  and (2) is cycle-vanishing. Consider the following two cases: 

Case 1 .  There are no chords in p. If each path in p is reflexive then C(G) is 
the complete bipartite graph K 1 n ,  which is acyclic. Therefore G is cycle-vanishing. 
If there is an irreflexive path in 

'
p, then by property ( 1 ) , there is exactly one such 1 

path, say S (Figure 1 3). Because of property (2) we must have r ,.;;;; 2, s ,.;;;; 2 and 

figure 13 .  A cycle C intercepting reflexive paths Qi. Ri and exactly one irrcnexive path C. 

hence r + s ,.;;;; 4. Since n = r + s + 1 ;;;;. 3, we also have r +  s ;;:;. 2 .  So C(G) is one of 
the graphs in Figure 14 ,  each of which is cycle-vanishing. Hence, G is cycle-vanish
ing. 

figure 14 .  Cycle graph C(G) for Case J .  

Case 2. There is a chord in p .  Let E be a chord in p .  Split G into subgraphs 
Gi (i = 1 ,  2), each consisting of a cycle Di passing through E and a family Pi of  
parallel intercepted paths (Figure 1 5). Properties ( 1 )  and (2) are inherited by  each 

Pi from p. By induction hypothesis each Gi is cycle-vanishing since lpi l < lp l. By 
Lemma 1 ,  each Gi contains at least one chordless cycle passing through E. By 
Theorem 1 ,  each Gi contains 2 chordless cycles passing through E. Furthermore, 
if one G. contains 2 chordless cycles through E, the other contains only 1 .  I 



Gervacio, Cycle Graphs 295 

Figure 1 5. Splitting of G along the cho rd E. 

If G1 , G2 each contains only one chordless cycle through E then the cycle 
graph C(G) is composed of C(G �), C(G2 ) and one additional edge joining them. 
Therefore, C2(G) = c2(G1 ) u C-)(G2), the union being disjoint. By induction 
hypothesis, it follows that G is cycle-vanishing. 

Suppose G1 has 2 chordless cycles A, 8 which pass through £. Then we may 
assume without loss of generality that A contains an irreflexive path Q of p 1 .  
Jf B contains any chord of p 1 ,  at  most one of  them is  in A, for E� Q and any such 
chords form an ideal of C and as Q is irreflexive, property (2) limits the size of this 
ideal to at most 3 .  If A !:::. B denotes the chordless cycle which is the symmetric 
difference of A and B, it similarly follows that A !:::. B contains at most two chords 
of p 1 ,  for Q together with such chords forms an ideal of C. Let R represent a chord 
of p 1 in A !:::. B. Separate G1 into subgraphs H1, H2 , H3 and G0 such that Go is 
the subgraph containing B and Q while H1 , H2 , H3 intersect Go in R 1 . R2 and R 3 
respectively {Figure 1 6). In the general case, if any of the chords R 1 is absent,  
so is  the related subgraph H;. 

Since R; is already contained in two chord.less cycles in G0 , then there is a 
unique chordless cycle Z; in Hi passing through R;. Likewise G2 contains a unique 
chordless cycle X passing through E. Let K be the subgraph of the cycle graph 
C{G) induced by the vertices corresponding to A, B, A !:::. B, X, Z 1 , Z2, Z3 . 

Figure 16.  The graph G. Q is an irreflexive path while E is a  chord. 
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Then the cycle graph C(G) is shown in Figure 1 7 .  Clearly. C2(G) is the disjoint 
union of the five components C2(G2), c2(H1 ), C2(H2), C2 (H3) and C(K). The 
first four are cycle-vanishing. by hypothesis. The last has only two chordless cycles 
so is cycle-vanishing. Thus G is cycle-vanishing. 

Figure 17. The cycle graph C(G). 

Corollary. Let G be a cycle-vanishing graph. The each subgraph of G consisting of 
a cycle and a maximal family of parallel intercepted paths satisfies properties ( 1 )  
and (2) o f  Theorem 4. 
Proof Let G0 be a subgraph of G consisting of a cycle C and a maximal family p 
of parallel intercepted paths. If x and y are vertices in G0 which are adjacent in 
G but non-adjacent in G0, then they must lie in only one path in p and at most one 
of the vertices x and y is an end vertex of this path (Figure 1 8). We add the edge 

c 

Figure 1 8. A subgraph G
0 

of G consisting of a cycle C and a maximal family of p araUel inter

cepted paths. 
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xy and remove the corresponding portion of the path forming a cycle with xy. We 
keep on repeating this process until all the paths in p can no longer be shortened. 
Denote by G 1 the graph obtained from G0 after completing the construction. Then 
G1 is an induced subgraph of G consisting of a cycle C and a family p' of parallel 
intercepted paths which is in one-to-one correspondence with p. Furthennore, a 
path in p' is a chord if and only if the corresponding path in p is a chord . Hence, it 
suffices to prove that G 1  satisfies properties ( 1 )  and (2). Since G1 is an induced 
subgraJ?h of G, c1 is cycle-vanishing by Lemma 3 .  By Theorem 4, G1 satisfies pro
perties ( 1 )  and (2). 

Theorem S. If G is cycle-vanishing graph, then each chordless cycle in the cycle
graph C(G) has length 3. 

,Proof Without loss of generality, we can assume that G is a block. We shall prove 
the theorem by induction on the number m of edges of G. The theorem is easily 
verified when m t;;;; 5. Let m ;;;;. 6 and assume that the theorem holds when the graph 
has less than m edges. 

If G does not contain any cycle with a chord then G either is a cycle or is 
composed of a cycle intercepting exactly one irreflexive path. In both cases, G 
is cycle-vanishing. So we may assume that G contains a cycle C intercepting a chord 
E. Let p be the family of all paths intercepted by C Observe that C U p  = G and 
that there are no skew paths intercepted by C in view of Theorem 3. Split G into 
subgraphs G; (i = 1 ,  2), each consisting of a cycle D; passing through E and a family 
Pi of intercepted paths. By Lemma 1 ,  there is at least one chordless cycle in G; 
passing through E. By Theorem 1 ,  each G; has at most 2 chordless cycles passing 
through E. Furthermore, if one G; has 2 chordless cycles passing through E, the 
other has only 1 . 

In case each G; has exactly one chordless cycle passing through E, then C(G) 
is composed of C(G 1 ), C(G2) and an edge joining them. Therefore any chordless 
cycle of C(G) either is in C(G1 ) or is in C(G2). By induction hypothesis, each 
chordless cycle in C (G;) or is in C(G2). By induction hypothesis , each chordless 
cycle in C(G;) has length 3. Hence, each chordless cycle in C(G) has length 3 .  

In  case G 1 has two chordless cycles A ,  B which pass through E, then G2 
has only one chordless cycle D passing through E If a, b, d are the vertices of 
C(G) corresponding to A B, D respectively, then C(G) consists of C(G 1 ) ,  C(G2) 
and the '-'YCle abda. By induction hypothesis, each chordless cycle in C(G;) has 
length 3. Hence, each chordless cycle in C(G) has length 3. 
Corollary. If G is a cycle-vanishing graph, then c4 (G) = cJ> .  
Proof I f  G is acyclic, C(G) = ell . If G contains cycles and C(G) is acyclic, then 
c2(G) = ell . If C(G) contains cycles, then all chordless cycles of C(G) have length 3 .  
B y  Theorem 1, any edge i n  C(G) can lie in a t  most 3 chordless cycles. Therefore , 
C2(G) either is acyclic or it contains chordless cycles of length 3 which have no 
edges i'l common . In the first case, c3 (G) = (/> and in the second case c3(G) is 
acyclic and so c4 (G) = cJ> .  
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We can now give the main result of this section, which is a characterization 
of cycle-vanishing graphs. 

Theorem 6. (Characterization T1teorem). A graph G is cycle-vanishing 1[ and only 
if it satisfies the following properties: 

( 1 )  G does not contain a cycle intercepting two skew paths. 
(2) G does not contain an edge belonging to at least four chord less cycles. 
(3) For every subgraph of G which consists of a cycle and a maximal family 
p of parallel intercepted paths, any two irreflexive paths in p are separated by at 
least two chords in p and any ideal of C with at least four paths contains only 
reflexive paths. 
Proof First assume that G is cycle-vanishing. Then ( 1 )  follows from Theorem 3 ,  
(2) follows from Theorem 1 and (3) follows from the Corollary t o  Theorem 4. 

Conversely, let G be a graph satisfying properties (1 ), (2 ) and (3) Without 
loss of generality, we can assume that G is a block of order at least 3. We shall 
prove that G is cycle-vanishing by induction on the order n of G. This is easily seen 
to be true when n = 3 or 4. Let G be of order n ;;;;.: 5 and assume that the theorem 
holds for graphs of order less than n. 

If  G does not contain any cycle with a chord then G either is a cycle or is 
composed of a cycle intercepting exactly one irreflexive path. In both cases, G is 
cycle-vanishing. So we may assume that G contains a cycle C intercepting a chord 
E. Let p be the family of all paths intercepted by C. Then G = C U p and there are 
no skew paths in p. Split G into subgraphs G; ( i = 1 ,  2), each consisting of a cycle 
D; passing through E and a family pi of intercepted paths. Properties ( 1 ), (2), (3) 
are inherited by each G; from G and hence G; is cycle-vanishing by hypothesis. 
Just like in the proof of Theorem 5 ,  G; contains at least one and at most two 
chordless cycles passing through E and if one Gi contains two chordless cycles 
passing through E, tl1e other one contains only one. By the same argument used 
in the proof of Theorem 4, G is cycle-vanishing. 
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Norman F. Quimpo, Discussant 

Counting Cycles. The main result in this paper arises from a natural clas.�ifi· 
cation of cycle graphs suggested by the definition itself of a cycle graph . That is, if 
we derive a graph from the cycles of a graph, how many cycles are produced in the 
new graph? The answer is that the number may decrease , remain the same, or 
increase. 

The paper deals with the first situation. 
Regarding the second situation it will be interesting to characterize graphs 

which reproduce themselves in their cycle graphs. Wheels reproduce themselves. 

What other classes of graphs do? 

An example of a graph whose cycle graph has more cycles than the original is 
the following: 

How does the cycle count in the new graph relate to the configuration in the 
original? It seems like a big challenge to prove counting results here . 

Verifying the Usual Properties. Now that a new way of defining a graph has 
been given,  students of graph theory can have a heyday checking the usual proper
ties of graphs. For example, what sort of graph produces a hamiltonian cycle graph? 
What conditions must be present in the original graphs for its cycle graph to be a 
tree, a bipartite graph, a regular graph? When does a graph have a graceful cycle 
graph? Etc., etc . 

As more results about cycle graph pile up, and when the experts move in, we 
shall see the so-called "soft" results lead to "hard" ones. At some point, we can 
expect the key problems for cycle graphs arise. 

Generalizations. The author imposes the restriction of chordless cycles in the 
definition of cycle graphs. Seeing the neat result that he obtained, we can see that it 
has been a good choice. The restriction is natural enough (a K 4 produces a K4 ) 
strict enough to exclude a lot of graphs from the investigation and yet loose enough 
to yield a complex result. 
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However, we see the way to a generalized study. We can either (i) replace the 
chordless condition by another, or (ii) drop it entirely . 

If we drop the chordless condition entirely , then the new cycle graph will 
have the same number of or more edges than the Gervacio cycle graph. It follows 
that any result on cycle-persistence will be preserved while any result on cycle
disappearance will have to be reviewed. For example, consider the following graph 
under chordless or non-restricted conditions. Under the Gervacio conditon, it is 
oyclo-varushlng. With no restric tion, it booom" oyclo-multiplying. 

""W 

Rolando E. Ramos, Discussant 

Basically, Dr. Severino V. Gervacio's paper entitled "Cycle Graphs" is about 
cycles. Cycles are very important in graph theory. In fact, graph theory was dev
eloped from the problem of finding a cycle in a graph. Also, cycles have practical 
applications. One practical application is the so-called Chinese postman problem. 
From a post office, a postman goes from one block to another to deliver mails. 
Afterwards, he goes back to his office . If we represent the post office and the 
intersections by vertices, and tl1e streets between iliem by edges, the postman's 
route turns out to be a cycle. Another application is the travelling salesman pro
blem. Likewise , from a warehouse , a salesman travels from one town to another 
to sell his goods, then he goes back to his warehouse . Again, if we represent the 
warehouse and the towns by vertices, and the roads from one vertex to anoilier 
by edges, the salesman's route becomes a cycle. 

In this paper, Dr. Gervacio first defmes two classes of graphs, namely, cycle
vanishing graphs and cycle-persistent 'graphs. Then he gives necessary and suf
ficient conditions for graphs to be cycle-vanishing or cycle-persistent .  Most of the 
approaches in mathematics are of iliis type. A mathematician first deflnes a collec
tion of objects then he finds objects that belong to the collection. 

As pointed out by Dr. Gervacio, his study of cycle graphs was motivated 
by the concept of line-graphs. line-graphs have theoretical applications and prac
tical applications. They can be used in characterizing flnite projective geometries, 
fmite affine geometries and balanced incomplete block designs. They can be used 
also in solving coloring problems and self-avoiding walk problems. So, I am op
timistic that mathematicians will be able to discover theoretical applications and 
practical applications of these cycle graphs. 
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