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THE PROBABLE IMPACT OF THE SEED-FERTILIZER KEVOLUTION
ON GRAIN PRODUCTION AND ON FARM LABOR REQUIREMENTS*

Randolph Barker, Mahar Méﬁgahes;_and.William'H. Meyers¥*

. There is considerable controversy as to the effect of the current
seed-fertilizer revolution on production and employment. This controversy
stems in part from the fact that we have had tco little time %o assess this
impact. The high yielding verieties spread most rapidly in the period
beginning about 1968. Lhere are a number of case studies that have des-
'cribed their impact in specific locations. But it is difficult to inter-
pret from these studies the changes in agvregate or national production
and employment which can be attrlbvtec toc the new technology.

.- Introduction of the high yielding varieties began in the Philippines
in 1966 _and at present approximacely one~half of the rice-growing area is
planted to these fertilizer-responsive varieties. Aggregate data are now
available which begin to provide some indicatios of the impact of the seed-
fertilizer technology on production. In this paper we plan to present the
results of case studies in combination with the results of aggregate analysis
in assessing as accurately as possible the probable affect of the seed=~
fertilizer technology on production and farm labor requirements in the
Philippine rice sector. Use is also made of aggregste labor statistics to
develop labor absorption funciiois. Tnfortunately, however, statistical
data are available only through 1968, and thus, no ecnclusions can be drawn
-as yet from this approach. .

'IMPACT ON PRODUCTION

, BeFore observing changes that have taken place in Phllipplne rice
productlon in the aggregate and at the fam level, we discuss briefly the
yield levels that can potentially be achieved through the use of high
yielding varieties

Yield;Pofenfiélg
The yield potaﬁt1~3~ foi the high y;eldlng varieties are shown in

* the experiment station functions - Figures 1 and 2. 1/ Most of the experi
ments upon which the figures Are based were conducted in 1968. High

* Paper prepared fo: the conference-seminar on MS:rategics for
Agricultural Developnout in the 1970s," Stanford Universxuj, Dec. 13- 16 1971.

T Ag*icu]tur i Econcmist, The Iﬁfe'nationﬂl Rlce .Research
Institute, Assistant Professor, chool ‘of Economics, Univers sity of the
Philippines, and Research Assistant, Dept. of Agricultural Economxcs,
IRRI, respectivelv, : .

1/ These flgurea were prosented in én ear1ger papeL_by the
authors. See, Randoiph .Barker and Mahar Mangahas, "Environmental and
Other Factors Inf1uencing the Performance of New Pigh.: ‘1e1d1ng Varieties
of Wheat and Rice in Asia," Proccedings of the XIV Int'l Conference of
Agricultural Economists, Minsk, U.S.S.R., 1970.
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/" yielding varieties subsequently released have had better grain quality

st

and/or more resistance to insects and diseases. Many of these new varieties
have the same yield potential ag IR8, but none have produced consistently
higher yields. Thus, IRS represents at least a temporary yield plateau.

How soon this plateau will be penetrated is a matter of debate. A gradual
increase in the yield ceilings in the future is far more likely than the

. dramatic breakthrough represented by the introduction of IR8.

- The yield potential is much lower for the wet than for the dry.
season (5 tons vs. 7 tons) as a result of the heavy cloud cover and low level
of solar energy in the monsoon season during the critical grain ripening .
pPeriod. The level of solar energy in the four to six weeks before harvest
has a significant impact on yield response to fertilizer.

The yield potentials shown in Figures 1 and 2 are for irrigated.
areas, and up to the present, this is principally where the high yielding
varietiesﬂhave been planted. However, there is a growing -interest in
research on non~irrigated rice which accounts for at least three-quarters.

. of the rice-growing area in Asia. 2/ Although the yield potential of this

© area will remain low, raising the potential will be of significant benefit

to the large number of farmers who will continue to grow rice under non- -
irrigated conditions for the foreseeable future. '

Growth in Philippine Rice Production

The analysis in this section is baged upon the official records of
the Bureau of Agricultural Economics, Department of Agriculture and Natural
Resources. Their Crop and Livestock Survey provides estimates of rice )
production and area harvested as well as other information such as area of
land irrigated and area of high yielding varieties. The .survey has been
conducted annually since 1954 in the period from March to June, and through
the years improvements have been introduced -into the sampling design and
other features of the survey. . -

The analysis presented in Tables 1 to 4 draws on information
obtained principally after 1960. During this period, the survey employed
a multistage sampling technique with villages (barrios) as the first-stage
sampling units and farm households as the second-stage sampling units. 3 '
Barrios were stratified according to palay density (main strata) and ‘ '
geographic criterion (sub-strata). From 1961 to 1968, approximately 6000
sample farm households were drawn for a national sampling fraction of 1/350.

2/ The nature af this research is discussed in more detail in
Randolph Barker, "The Evolutionary Nature of the New Rice Technology,"
Food Research Institute Studies (Stanford University), Vol. X, No. 2

forthcoming). o o

3/ Details of survey procedures can be found for the period
1954~65 in I. P. David, Development of a Statistical Model for Agricul-
tural Surveys in the Philippines, Unpublished Masters thesis, U.P. -
College of Agriculture, Los Bafios, Philippines, 1966. Details. of more.
recent changes are found in Bureau of Agricultural Economics, BAEcon
Surveys for Rice and Corn, August 1971, Diliman, Fhilippines.
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Beginning in the crop year 1968-69, the survey procedure was revised and
the farm household sample increased to 11,363. Research studies indicate
that there has been a tendency to overestimate area and underestimate
production with the result that yields are also underestimated. 4/ ¢

the improvements made since 1968 have succeeded in reducing these errors,
there could be a bias in the time-series trends. However, it is our’ :
opinion that in spite of weaknesses, these figures provide a reasonably N
accurate estimate of the national trends in production. 3 v

Fifty tons of IR8 seed was released to the Philippine Government
in August 1966. The seed was multiplied during the 1966-67 crop year,
The first major planting of this high yielding variety occurred in the wet
season (first half) of the crop year 1967-68. The percentage of lowland _
rice area planted to high yielding varieties is shown for four successive
crop years in Table 1 for the Philippines and for five regions. 6/ 1t is
well known that for the most part these new varieties have been planted in
irrigated areas. However, there has also been a steady increase in plantings
on rainfed areas. This is apparently explained by the fact that many rainfed
farmers found that these varieties seemed to recover well from droughts
frequently experienced early in the growing season. The performance of rice
_varieties under adverse water conditions is a subject that has not yet been
: fully explored.

Table 2 shows the growth in production, area; and yield for the
post-war period computed by taking the average of three crop years. Yields
remained ratheér constant before 1960 but crop area expanded rapidly keeping
pace with population growth. After 1960 the pattern reversed. Crop area
remained constant but yields rose stimulated in part by a rise in the
' percent of crop area irrigated. Although data are not available to show
the recent trend in total cultivated area, it seems apparent that with the
expansion of dry season irrigation the land base in rice has declined. .-The
alternative crops that have been substituted on the marginal rice land
undoubtedly include corn and sugar cane.’

———— e st

4/ David, op. cit. and K. A. Gomez and B. T. Oﬁate, "Response Bias
in the Collection of Rice Statistics," The Philippine Agriculturist, Vol. LII,
Feb.-March- 1969, pp. 602-613. 1In the latter study, actual measurements were
made .of harvesters' share and of area to check the accuracy of the farmers'
response in a sample of 68 farms in Laguna Province. Area was overestimated
on the average by 5.6 percent. The magnitude of underestimation in the '
production is not clear.from this study.

5/ The estimates of the Bureau of Ag. Economics are frequently
criticized by policy makers and others. who. have attempted to use these as
a basis for detemmining for a given year the level of national self-sufficiency
and 1mport and export requirements. The futility of this exercise is dis-
cussed in Mahar Mangahas, "Efficient Forecasting and Philippine Rice Import/
Export Policy," Proceedings of Seminar on Consumption and Marketing of
Rice.in the Philippines, IRRI, Los BanOs,vPhillppines, December 1969.

_ 6/ In the Bureau of Ag. Economics, data are normally reported for
9 regions An- the Phillppines._ The sample survey coefficients of. variation
(cVs) for the entire Philippines in 1970 were 2.51 percent for -area and -
2.66 percent for production. For some of the regions, however, these CVs’
exceeded 10%. We therefore reduced the number of regions from nine to five
by combining two regions in Northern Luzon, two regions in Southern Luzon,
two regions in the Visayas, and two regions in Mindanao.
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Three major factors affecting production growth are the change
in irrigated hectares, the change in non-irrigated hectares, and the
change in yield per hectare. The effect of each of these factors to the
growth in rice production is shown in Table 3 for the Philippines and
for five regions. From 1948 to 1960 contribution to growth was fairly
evenly divided between all three factors. 1In the early 1960's the lowland
rainfed rice area declined largely as a result of strong competition from
an expanding sugar industry. Due to a decline in the crop area the pro-
duction growth rate was sharply lower and depended entirely on growth in
yield per hectare. In the late 1960's, irrigation expansion in Luzon has
been the dominant factor centributing to the 4.6 percent per annum growth
rate, and yield increases have also played a significant role. There has
been a decline in rainfed lowland rice as some of the former rainfed areas
have become irrigated. There has also been a decline in the area planted
- to upland rice principally in Southern Luzon and Mindanao.

What can we say was the impact of the introduction of high yielding
varieties upon production growth? The yield contribution alone to annual
growth in output is about 2.7 percent per annum between 1964-66 and 1969-71.
In addition, it must be recognized that the expansion of irrigated areas as
well as the decline in non-irrigated areas may have been the direct or
indirect result of the introduction of high yielding varieties. It is
impossible to consider these effects independentiy, and thefore, impossible
to say precisely how much of the 4.6 percent annual growth rate should be
credited to high yielding varieties. Nevertheless, what is particularly
significant in this analysis is the very important role played by irrigation

Results of Farm Surveys

The results of farm surveys can provide further evidence of
changes taking place in productivity and resource use following the intro-
duction of high yielding varieties. These micro studies bring to light
v-changes that are often obscured in national statistics. In this section
- we examine briefly the results of two surveys. The first was conducted in
- Laguna Province, one of the better r1ce-grow1ng areas in the Philippines.
The second was conducted in the province of Nueva Ecija in Central Luzon,
the largest of the rice-growing aveas in the Philippines. .

' ' | |
Table 5 shows changes taking place between 1966 and 1969 in
adoption of high yielding varieties, use of nitrogen fertilizer, and grain
yield in a sample of 152 farms from three municipalities of Laguna
Province. Fammers in Cabuyao and Calamba have been able to achieve yields
-in excess of 4 tons which compares favorably with the yield potentials
for the wet season shown in Figures 1 and 2. On the other hand, perhaps

7/ A recent visitor to the International Rice Research Imstitute,
who was undertaking a feasibility study for irrigation, indicated that
he was having difficulty convincing some agencies of the need for continued
investment in irrigation now that high yields and low rlce prices were
Just around the corner.
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due to poorer soil and water conditions, the yield of the high yielding
varieties in Bifian was only about 3 tons despite an application of 50 kg.
of nitrogen per hectare. In Calamba and Cabuyao, two crops of rice are
grown each year but in Bifian there is adequate water for only 3 crOps in
two years.

Flgure 3 and Table 6 indicate ‘the changes in inputs and productlvity
based upon a sample of 513 farms in the municipality of Gapan, Nueva Ecija
Province. The majority of farms in this municipality receive enough water
from the gravity irrigation system to grow two crops of rice. These two-
crop irrigated faims were 95 percent in high yielding varieties by 1970.
Table 6 shows clearly that during this period these farms moved from a
yield plateau of 2.2 tons with local varieties to a new plateau of 3 tons
with high yielding varieties. 1In only one of the 10 villages of Gapan
-were yields in 1970 significantly higher than 3 tons per hectare (San
Nicolas averaged 3.7 tons). Again, as in Bifian, the new yield plateau
seems to be well below the 4 to 5-ton potential. The reasons are not
obvious. Soil and water conditions as well as management practices should
be carefully examined as an initial step to identifying the constraints to
further yield increases.

Imp11cat10ns : B

Both the aggregate estimates and the farm survey results tend to
confirm the fact that significant yield gains have been made through the
introduction of high yielding varieties, but that these yield gains have
not come up to the expectations of scientists and policy makers alike. 8/

In the irrigated areas, where the percentage of high yielding variéties is
very large, yields of high yielding varieties exceed local varieties by about
11 percent for the nation as a whole, but by as much as 50 to 100 percent in
- gome selected areas. The failure to achieve the production potential can

be attributed to low input levels on many farms that have switched to high
yielding wvarieties. However, there appears to be in some areas other -
agro-economic factors not completely in the farmer's control that may be
limiting yield growth. Research needs to be undertaken to identify these
factors more clearly. ' ' e

At present, it would appear that the Philippines is marginally self-
sufficient in rice production, Unfavorable weather conditions or insect '
problens, such as occurred in 1970 and 1971, can result in rice imports,
but on the average the growth in rice production seems to be keeping pace
with population. Whether this continues in the future will depend on ~
further investments in irrigation as well as on higher yields per hectare.

8/ A separate set of government statistics on rice released by the
National Food and Agricultural Council (NFAC) is at variance with these
findings. In October 1971, they reported that the yields of high yielding
varieties continued to average about double those of the traditiénal' varieties.
These estimates are not based upon normal statistical sampling procedures.
Furthemore, if these estimates were accurate, it would follow that the

. Philippines would be exporting large surpluses of rice instead of importing
. in-1971. We have thus chosen to ignore the NFAC figures in our analysis.
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IMPACT ON FARM LABOR REQUIREMENTS
~ In the previous sectlon we have shown that since 1960 crOp area

has remained almost constant. The growth in rice production has been
primarily a result of increases in yield per hectare and in the percentage
of area irrigated. Under these conditions, three major changes can affect
_ total labor use in the rice sector: an increase in labor .input per hectare

due to the new rice technology, a decrease in labor input per hectare due
to Iabor—saving mechanlzation, and an increase in average labor input per
hectare as the irrigated and more labor*inten31ve portlon of total crop
area increases. -j, : ‘ :

Our research provides considerable information on the first two
factors. As mentioned in the previous section, increases in the percentage
of crop area irrigated may be influenced by the new rice technology, but
we have no data which can dlstlngulsh the cause and effect relationship.

fDirect Effect on Labor Input Levels

Comparing labor input levels on all farms in 1966 and 1970 from
the Central Luzon-Laguna Survey (Table 7), we find that land preparation
labor declined while transplanting, weeding, and harvesting-threshing labor
increased. sufficiently to.raise the total labor input. Also, on balance,
the proportion of hired labor increased. Looking at the labor inputs for
areas planted to local and high yielding varieties in 1970, it is clear
that it was the more intensive labor use for:high yielding variety pro-
jduction which raised both the total and hi red_labor”inputs for 1970 above
“their 1966 levels. . . = . ~

. The two tasks which account for most of the 1ncrease in labor input
are weeding and harvesting-threshlng. One expects that the new seed-
fertilizer technology by increasing the marginal productivity of labor .
particularly between transplsonting and harvesting, would induce: higher
labor input.levels. While.this effect is evident for the weeding task "
where the labor input more than doubled between 1966 and 1970, no simllar
change occurred in other pre~hdrvest tasks.

, Tt is interesting to noLe that whlle the weedlng input ‘was growing
from 5 to 11 man-days per hectare, the use of rotary weeders was also
increasing.' Another study covering taree progressive areas of Laguna .
Province shows an average weeding 1abor input of 18 man-days per hectare
while 84 percent of the farmers were using the rotary weeder. Table 8 -
ghows that in both areas the rotary weeder complements rather than replaces
other forms of weeding. In the Central Luzon study, 16 percent of the
farmers are not weeding at all, while 65 percent uge either hand weeding

‘or a combination of. chemlcals and hand weeding.  Over time these farmers
may move toward the pattern in the Laguna area where mOSt farmers prefer
a cOmbination of a11 three methods of weeding. ,

, 9/ An increase in doub1e~cropp1ng, cet.»ggg., would have an even

greater effect. However, though data on this factor is lacking, it appears
that any recent increase in double—cropplng tends to be off-set by a
decline in rice land area.
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. The use of rotary weeders requires straight-row planting which
means a higher labor input for transplanting. There is some evidence of
this in the Central Luzon-Laguna data on Table 7, but the much lower
transplanting labor input in the Laguna study appears_to be due to the
prevalence of the 1abor-sav1ng dapog seedbed method. 10/

The increase in harvesting-threshing labor is a natural consequence
of higher yields, provided that the threshing technology remains. unchanged.

As'yields increase, however, the labor requirement per unit of output

declines even if the technology does not change. From the data in Table 7,

:it can be shown that the required man-days per ton of grain harvested and
threshed declined from 9.5 in 1966 to 7.8 in 1970, while the number of .

thresher users changed only slightly. It would appear, therefore, that
the higher yields have an even greater impact on labor productivity than
on labor absorptiom. . v

_ In summary, the new seed fertilizer technology appears to have a ,f
measurable effect on the labor used for weeding and harvesting~threshing -
tasks.” The difference in total labor use between local and high yielding
varieties is essentially a result of the shift in the production function.
However, it is important to emphasize that the difference in labor input
of 9.5 percent (from 63 to 69 man-days) in Table 7 is quite small in.
comparison to the difference in yield of about 26 percent. The result is a
sharp difference in labor productivity, which is what we should expect from
the new technology.

Effect on Mechanization

We have shown elsewhere that changes in tractor purchases during
the past five years appear to be less correlated with the release of high
yielding variety seeds in August 1966 than with the agricultural mechaniza-
tion loan program initiated by the Central Bank of the Philippines and the
International Bank for Reconstruction and Development in April of the
same year. il

, 10/ The dapog method involves the germination and growth of seedlings '
on banana leaves or on polyethylene sheets where the roots are ‘unable to

make contact with the soil. After 9 to 14 days, the seedlings are. simply

rolled into a bundle and transported to the field for transplanting. A des-
cription is contained in University of the Philippines, College of Agriculture,
Rice Production Manual 1970.

e

11/ Randolph Barker, W1111am H. Meyers, Cristina M. Crisostomo,
and Bart Duff, "Employment and Mechanization in Phillppine Agriculture "

’Paper prepared for the International Labor Office of the United Nationms,

Geneva, Switzerland October 1971.
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This finding is confirmed by ‘the results of a survey of 76 farms
in Central Luzon and Laguna ~ ‘areas where the highest mechanization rates
are found - which indicate that, although the percentage of tractor
users in the wet season increased rapidly since 1966, the 1970 percentages
are the same for both local and high yielding varieties (Table 7).

The case of mechanical threshers is quite different. Their use
does not appear to be increasing with time and the percentage of users in
the wet season is substantially lower on the high yielding variety area
(Table 7). This can be explained by noting that these are large stationary-
type threshers which are normally moved into the rice fields only after the
fields are dry. As double~-cropping and the use of early maturing high
yielding varieties move the first crop harvest deeper into the rainy
season, it becomes more difficult to use this thresher. 12 Therefore, the
introduction of high yvielding varieties appears to have, if anything, a
slightly negative effect on the use of this particular thresher technology.
Increased grain yields, however, may eventually induce fammers to look for
a mechanical thresher which is more adpated to present conditioms.

The simple rotary weeder is the one type of mechanization which
Table 7 shows to be more prevalent in the area planted to high yielding
varieties. However, unlike tractors and threshers, this appears to be a
labor-complementing rather than a labor-substituting machine as already noted.

Implications

The farm surveys indicate that the introduction of the new rice
technology has contributed to an increase in labor demand in the rice sector.
However, since the new technology has an even greater effect on labor pro-
ductivity, the long run implications are that with the new technology it
will take less labor to supply a given quantity of rice, and the incremental
employment-output ratio will probably be lower than it has been in the past.

AGGREGATE EMPLOYMENT DATA

_ The only goutée of labor force‘énd employment time series data is j
the Bureau of the Census and Statistics Survey of Households (BCSSH). A

biannual (May and October) series of estimates is available from nationwide

———

— — o ——

12/ Results of the Gapan surveys indicate that these threshers are
an old and declining technology. The survey of all thresher owners in the
municipality of Gapan, Nueva Ecija, revealed that 73 percent.of the
threshers now operating were introduced between 1936 and 1960. The survey
of farmers showed that the percentage of wet season thresher users declined
from 51 percent for 1960 to 29 percent in 1970, and most of those who dis-
continued thresher use for the wet season crop said it was because they
began double-cropping and had no time to wait for the ground to dry.



sample surveys for 1956-68 (see Tables 9 and 10). Data for 1969 and 1970
are not yet available for various reasoms. i3 This is somewhat unfortu-
nate, since the effect of high yielding varieties on total employment in
agricultiiré could not date earlier than 1968. This is therefore the only
year for which-aggregate data might be inspected for effects of recent
technological change. Details for 1966-68 as to sex are available for
rice and com fams in particular (Table 11)

: In their detailed compendium of the available survey data, Mijares
and Tidalgo 14/ nave clearly described the magnitude of the Philippine
employment problem. During 1956-68, the totally unemployed have ranged from
5 to 10 percent of the labor force. This is in spite of a definite drop over
" time in the labor force participation rate in the 10-24 age cohort (the drop
is more pronounced in agriculture than in non—agriculture) The. unemploy-
ment problem is not as severe in agriculture as it is ‘elsewhere. Data for
1956-68 indicate that the urban rate is about one percentage point ‘above
‘the national mean and the rural rate about one percentage point below it.
Half of the totally unemployed are in the 15-24 age group, and a greater
proportion of the unemployed than the employed have reached high school or
college. Among experienced workers, those in non-agriculture spend two weeks
to two months more time looking for work than those in agriculture.

Underemployment is high: one-fourth of those employed want more.
 work, three-fifths of these being in agriculture. About 15 percent of those
subjectively underemployed already work 50 or more hours per week, and
another 35 percent already work between 40 and 50 hours per week. Using
the 40-hour per week standard, the unemployed plus the full-time equivalent
of the underemployed have ranged during 1956- 68 from 8,5 to 14 6 percent of
the labor force, uging the October series. Using the 50-hour standard the
range is from 11.5 to'16.7 percent. The ranges are sllghtly narrower at

: both ends if the May series is used.:

Most analysts of Philippine employment data have limited themselves
to the October series. The stock reason offered is that '"the October series
is more representative of conditions during the year than the ay series ...
It has more-stability since October falls' within the season “for har-
vesting ahd planting and schools are in session during this month." 16/

, : 13/ Prellminary 1969 estimates turned out quite unreasonable, and
were not publishede ‘This was the:first year in which electronic data pro- !
cessing .was used :on the labor force survey, and it is felt that -errors in '
the EDP may have been made. The Census Bureau still hopes that- corrections
can be completed. . In 1970 the labor force survey gave way to the census
on population. and housing; processing of the employment portion of the
census has not been completed. C . :

i.14/ T. A. Mijares and R. L, Tidalgo, "Labor Absorption in the
Philippines," Paper presented at the Conference on Manpower Problems 1n‘
East and Southeast Asia, Singapore, May 1971. S

_ e

15/ Seasonality of work is to some extent allowed for in the calcu-
lation of -er -employment. From 2 to 6% of the employed labor force in agriculture
are classxfied as not at work (during the survey week); of this, -from 40 to
50% are ill and ;from 20 .to 407 are .seasondl workers not at work. See
Mijares and Tidalgo, Ibid Table 18.

16/ Mijares and Tidalgo, Ibid, p. 18.
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The data do not appear to bear these statements out, however. Following
the May series, the national labor force has risen each year except for
1959, and agricultural employment has risen each year except for 1965.

In the October series, the national labor force falls in 1963 and 1968;
is supposed not to have changed in 1960 from 1959; and rises in 1966 over
1965 by about one million persons (a 9.2 Percent increase). The October
agricultural employment series drops in 1960, 1963, 1964, 1965 and 1968;
and in 1966 it rises by about half a million persons (a 9.9 percent
increase) over the previous year. 1/ ' '

The 1968 data are particularly problematical. The national labo:
“-force is estimated to have fallen by about 400,000 from October 1967 to
October 1968, but to have risen by about 260,000 from May 1967 to May 1968
' The estimates of agricultural employment and of employment on rice and
corm fams in particular follow the same pattern. Sampling errors publist
by the BCS (footnotes to Tables 9 and 10) do not account. for these

peculiarities. 18/

" In the'macroanalysis_described here, the agricultural employment
variable used is the simple May-October average, on the following grounds:
(1) it incorporates more information than the October statistics alone, an
(2) it almost always performs better than the October figure (higher t-rat
and R2's) as either an explanatory variable for sectoral value added or a
dependent variable in sectoral. labor-absorption functions. 19

Measuring employment by the May-October average, the 1968 level
of employment was 11,429 thousand. About 56 percent of these were in
agriculture, 25 percent in commerce and services (or the S sector), and
19 percent in the industrial sector (manufacturing taking 11-1/2 percentag
points). The share of agriculture in employment had decreased by about
4 percentage points in 12 years.

17/ T. K. Ruprecht, "Philippine Labor Force Statistics: A Critiqu
and Recomputation of PSSH Data," The Philippine Statistician, Vol. 15,
Nos. 1-2, March-June 1966. Ruprecht's critique and reestimation of
Philippine Labor Force statistics covers the period 1956-62. He c¢atled
attention to errors not merely due to sampling, response and enumerationj
but due also.to the prolonged use of an incorrect population base. His
reestimates of employment in agriculture exceed the published data by
about 8 percent. However, the instability in growth rates is maintained-
in Ruprecht's series; his October series growth rates, annually from 1956
to 1962, are 9,9 percent; 5.2 percent; 0.4 percent; -1.5 percent, 5.7 .
percent; and 7.2 percent. : T I :

-18/:0One speculation is that a substantial number of females
employed on rice and corn farms sought employment in non-agricultural
positions in the latter part of 1968 on account of the drought during

that wet season.

' -19/ The sectors referred to are: (1) agriculture, fishing and
forestry, (2) mining and quarrying, (3) manufacturing, (4) constructioms,
(5) transport, storage, communications and utilities, (6) commerce;
and (7) services. E 1 S C
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Students of employment in the Philippines have concentrated their
attention on the relatlyely low rate of labor absorption in the manufac-
turing sector (Sicat 2 , Williamson 2L/, Ruprecht 22 22/,

‘The bias in favor of capital in postwar economic polic¢ies in the
Philippines is well known -- the over-vslued currency in the fifties,
with exchange control favoring capital imports; minimum wage laws; sub-
sidized credit for capital purchases; tariff and tax exemptions on favored
capital-intensive industries; a tariff structure favoring import-dependent
import substitution and hindering backward linkages. Ruprecht 23/ called
attention to the tremendous increases in the cepital- labor ratio in
manufacturing over 1957-62. Williamson 24/ guccessfully showed the
dependence of employment in manufacturing on the user cost of capital,
from a pool of two-digit industries.

Labor Absorption Equations

In this section we give a preliminary report of an attempt to
estimate labor absorption functions for each of seven value-added sectors
from annual data for 1956-68. 22/ Attention is focused on the results for
the agricultural sector. Sectoral employment was regressed on various ‘com~
binations of the following variables: value-added, the sectoral wage rate,
the sectoral price index, and the general price index. Wage-prlce ratios
have been tried, and one-period logs for both dependent "and explanatory
- variables have been tried. Only simple linear spec1f1cat1ons have been used
so far (later trials will use first differences and log-differences). Wage
rates were treated as predetermined variables, on a preliminary basis. The
elasticities of sectoral employment at the means from the 'best' regressions
are summarized in Table 12.

In particular, the elastlcitles of sectoral employment with respect
to own-sector value-added are roughly as follows:

20/ G P. Sicat, "Labor Policies and Philippine Economic Develop-
ment," Univer51ty of the Phlllpplnes, School of Economics Discussion Paper
No. 69-4 February 7, 1969 '

21/ J. 6. Wllliamson, "Capltal Accumulation, Labor—Sav1ng and
Labor Absorptmon A New Look at Some Contemporary Asian Experience," Social

Systems Research Institute, - Unlversity of W1sconsin, Workshop Series Pap
EDIE 6932,: 1969.

22/ Ruprecht, op. cit. Also, T. K. Ruprecht, "Labor Absorption
Problems and Economic Development in the Phlllppines," The Phlllppine
-Economic Journal Vol. 5, "2, 1966 pp 288 312.

' g;/ Ruprecht "Labor Aosorptlon Problems .,..", Ibid.
24/ W1111amson, op. cit.
25/ This research forms part of a broader study whose obJective'

is to estlmate a short-term macro-model of the Philippine economy for -
purposes of planning.
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‘1. Agriculture, fishing & fofestry 0.7
2., Mining and quarrying 2.5 (wéak §2)
3. Manufacturing ' 0.5
4, _Constfﬁctioﬁ“ . B | v‘i.b (ﬁeék ﬁ?)
.5. Transport, Storage and ;
Communications & Utilities 1.2
6 Commerce o , 1.3
7. Services 1.1

It is interesting to find that the agricultural wage rate plays
some measurable role in determining agricultural employment, although its
coefficient is not significantly different from zero at the 10 percent
level. What is significant is that the employment-output elasticity at
.the means is 0.7; whereas the simple ratio of the -average annual rate of
growth of agricultural employment (2.5 percent) to-the average rate of.
growth of agrlcg}tural value-added (4.5 percent) over the period 1956-68
is only 0.56. A gradual increase in agricultural wages over the perioc
accounts for the difference in estimated employment-output elasticities.
The employment elasticity in manufacturing is low, as would be expected.
The equation, with only manufacturing value-added as explanatory variable,
. is however still unsatisfactory. It would be expected, following
Williamson's 21/ results with disaggregated manufacturing data, that a
specification, including capital prices, would yield better results.
Almost all the other employment elasticities are larger than.one (implying
elasticities of output with respect to employment of less than. one), whicl
squares better with economic theory than do results of several other macre

econometric models. 28/

The agricultural labor absorption function was estimated from a
basically pre-high yielding variety set of data. The data problems
relevant here were mentioned earlier. We nevertheless might use this
function to estimate the macro employment implications of the high y1e141r
varieties, on the justification that our micro results indicate that over:
use of labor on rice farms is not materially affected by the high yielding

26/ This rough type of calculation is used by H. T. Oshima,
"Labor Absorption in East.and Southeast Asia: A Summary with Interpretatior
of Postwar Experience,'" Malayan Economic Review, 1971 (forthcoming).

27/ williamson, op. cit.

28/ M. Nerlove, "Notes on the Production and Derived Demand
Relations Included in Macro- ~Econometric Models," Internatlonal Economic
Reviews, Vol. 8, No. 2 June 1967 pp,-223 242,
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varieties. The farm surveys indicate a small increase in total labor
requirements, but a 31gn1f1cant change in the distributions of labor

. use according to the categories hired/non-hired and according to _agricul-
 tural actlvity. ‘We represent the contributlon of the high yieldlng

" varieties by means of the expected increase in ‘the growth rate of agricul-
tural value-added after 1968, and compute the induced agricultural employment
from the estimated labor absorption function. .

(1) Agricultural value-added in 1967 prlces rose by 4. 4 percent
in 1969 and’ by 4.9 percent in 1970. If we assume a 4.5 percent per annum
'growth rate over a five-year period beginning 1969, then cet. _par., an
annual increase in agricultural employment by 3.7 or 3.8 percent will be
induced. But since this is the same as the growth rate of value-added in
agriculture in the past, the ‘estimated 1abor absorptron rate is very
conservative.

"(2) The current four-year economic plan (Fiscal 71/72 to Fiscal
74/75) has as its (preliminary) target a rise in agricultural value-added
by 5.3 percent’ per annum. At this rate, whichis judgmentally feasible,
agricultural employment would increase, cet. par., by 4.4 to 4.5 percent
per annum. Compare the average annual growth rates over 1956-68 .of the
“natlonal series for labor forte and employment

May serles’ Qctober eeries.y

‘Labor force ’ 3;9 % ' _2.7 Z B
Employment 4.0% 0 2.5%

Taking the average of the growth rates in the May and October sets as
projected rates for later years, we would then conclude that labor. absorp-
tion in agriculture could be large enough to prevent a further fa11 in the
proportion of the employed in agr1cu1ture, if agricultural wages were not
to change.

- ‘Recent data on wages (undeflated) of plowmen, planters and har-
vesters are shown in Table 13. They indicate a slugglshness in agr1cu1tura1
wage rates, except for 1970. The increase in the last year can be 4;H
definitely attributed to the June 1970 ammendment to the minimum wage law,
which raised minimum daily agricultural wages from P3.50 (set in August 1963
under the Agricultural Land Reform Code) to P4.75. The presence of minimum
wage legislation rationalizes to some extent the assumption that wage
levels are predetermined. The conclusion of the previous paragraph. thus
rests on the premise that agricultural wages maintain their lack of trend
after the step taken in 1970.
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CONCLUSIONS

One must use caution in generalizing the Philippine experience
to the rest of Asia. However, with the rapid increase in the use of high
yielding varieties to more than fifty percent of the total rice area, it

\; is possible to reach certain .tentative conclusions concerning the potenti
'\ effect. of the new technology on production and employment. SRITRN
There can be little question that the introduction of high yield
varieties has had a significant impact upon yields at the national level.
However, while the yield gains have been dramatic on some fams and in sor
_areas, for the nation as a whcle, thev are far more modest. The analysis
of farm data shows that despite the shift to high yielding varieties many
farmers are not achieving what would appear to be.the yield potential.
The éonstraining'factors are not yet clearly identified. The high growth
in output;éurrently.being achieved combines the impact of higher' yields
and expanded irrigation. Maintaining output at a pace with increased
demand for rice will require continued progress in both directioms.

o _bfg:;}lével analysis of employment effects indicate.that even in
those regions:where mechanization has progressed, per hectare labor
requirements, especially for hired labor, have increased. A high level
of mechanization is not a precondition.for the successful introduction of
the new seed-fertilizer technology. On the other hand, higher famm: incom
generated by the new technology way tend to increase the rate of mechani-
zation. Studies indicating the secondary effects of the new technology or
employment in the farm and non-farm sectors are unfortunately not
available. 29, . In those areas where new varieties have brought substanti:
higher yields, there is a noticeable increase in the pace of non-farm
activity, Employment also may have changed as 2 result of major shifts
Occurring in land use in agriculture. TIncreases in production and employ-
ment in the rice sector are taking place on a declining.land base, -as- -

..-marginal rice land has been released to other uses. -On balance it. would

. appear that the unmeasured secondary effects should have ‘a positive - -

. .influence on employment and. labor absorption. G e

Statistics to show the recent trend in national agricultural
employment are not yet available. The employment-output -(value-added)
.elasticity for Philippine agriculture is estimated to be 0.7.. Assuming?!

" that the employment output elasticity is not materially affected by the

_hew technology in rice and wage rates do not rige, maintaining the past
-~ level of labor absorption would require a growth in agricultural-value-
.. +added of 4.5 percent or better. - Cee o :

29/ There is only one study under way that we are aware of in
this area. See, Arthur Gibbs, Jr., "A Note: Defining the Non-Farm
Employment Question," The Philippine Agriculturist, Vol. VII, February-
March 1969, pp. 602-613.




Table 1. Percent of lowland rice planted to high yielding varieties
o ‘on irrigated and rainfed lands in the Philippines, 1967-68
to 1970-71,. : .

.- -Crop Year - i
1967-68 1968-69 .-1969-70 - -.1970+71 -

: , (% of area in HYV's)
Tofaizlowland |

- Northern.Luzon 17 : 29 | 37 ; 47
" Central Luzon 16 32 oy 46
- Southern‘LQZOn 30 55 67 | 71
" Visayas - | 18 ."33 | 46 h 51

Mindanao 30 53 64 72

PHiliggines

" Total lowland 22 41 50 57
" Irrigated 33 54 6L 61 .

Rainfed 13 28 39 45

Source: Based on data from the Bureau of Agricultural Economics, @ .’
Department of Agriculture and Natural Resources, Government
of the Philippines, Includes IRRI, UPCA, and BPI varieties.:




Table 2.' Production, area, and yield of rough rice and percent of crop area
irrigated, Philippines, 1948/50 to 1969 /71.

. :krsi;s!'l;rp;Crop - }Cﬂi£ivated*”“ﬁ“$f“: Percent i
Three-year ' '‘‘duction = area  ‘afes " Upland crop area Yield
period . .. 1000 m.t..- --- 1000 hg ------ _—area - irrigated ~~ m.t,/ha _

(rough rice) ~ (rough rice
1948/50 2446 2135 1900 514 193/ 1.15
1951/53 2864 2458 2268 621 n.a. L7
1954/56 3220 2681 2435 687 22/ 120
1957/59 3411 3083 2748 739 ¢/ 1m
1960/62 . 3785 . 3228 2757 683 28 1,17
1963/65 3934 3150 2575 653 31 . Las
1966/68 4242 3170 n.a, 511 38 .. . . 1.3
1969/71 4968 3186 n.a. 406 45 . ... 1.56

' o T2 .
n,a,wwnatamﬁot"availableT4MWM“MWW e -
a/ Irrigated avea available only'for crop year 1947-48. .
b/ Ir;igatéé”aré;:avéflabiééoniﬁ'fof cfob §eat 1955-56,
¢/ Irrigated area available only for crop year 1958-59. A

!

Source of basic data: Bureau of Agricultural Economics, Department of
Agriculture and Natural Resources, Government
of the Philippines,




Table 3., Annual growth in rice production and contributions of change in
yield per hectare, irrigated area and non-irrigated area to
. - growth for selected time perio?s and regions in the Philippines
 from crop years 1948 to 1971.= : -

“Pfoduction = 'Percent of production growth due to
- -growth - o . change inP
rate Y1e1d per- Irrigated Non- irrigated
-(% per ‘annum) ‘hectare - crop area - crop area~ ~~Total
e emme e ——————— Z ___________________
Philippines

1948-1960 - 4.6 R R - 33 100
1961-1964/66 1.7 136 -6 =30 100
1964/66-1969/71 4.6 - 60 82 42 100

Regional 1964/66 to 1969/71

Northern Luzon - 4.6 4 149 -93 100
Central Luzon * ' 6:8 L 28 L 79 0 et 100
Southern Luzon 3.3 46 125 gy o 160
Visayas i 5.4 BRI "Ry L1 100
Mindanao L 9.4 121 T gy -118°q"“} " 100

/ Crop year 1948 refers to the period from July 1947 to June 1948 and
similarly for all years, :

b/ The formula used to -determine the sources of production growth is as
follows: Q) - Qo = (Y43 - Yi0)A11 + (¥r1 - Yro)Arl * (Yul - Yu0)Aul + (A1 -
Aj0)Y40 + (Ap1 - Aro)YrO-+ (Aul - Ay0)Yu0, where Q denotes total production
Y the yield per hectare, A the effective crop area harvested, "{i" irrigated
lowland area, "r" rainfed lowland area, "u" upland areas and subscripts 0
and 1 denote the beginning and end of the period analyzed. In this: formula’
the first three terms (Yij - Yi0)Ail + (¥rl - ¥ro)A,1 + (Yul - Yu0)Ayl denote
the combined effect of yield increases on each land type, the fourth temm-
(A1 - Aq0 Y30 denotes the effect of changes in irrigated crop area and the
last two terms (Arl - ArQ)Yro + (Aul - Au0)Yyo denote the combined effect'’
of changes in rainfed lowland and upland crcp area.

Sources of basic data: Data for crop years. 1948 and 1960 .from - the. Census- of-
Agriculture 1948 and 1960 respectively; Data for crop year 1961 and
- 3=year averages’ 1964766’ and 1968/71 ‘from Butreau of Agticultural Economics,
. Departinent of Agriculture-aid Natural Resources (The 1960/62 3-year
average could not be used since comparable data by land type are not .
available). -



Table 4., Three year averages of yield per hectare by 1and"t&pé, region and

variety (m.t./ha), Philippines and five regions,

1969/71

1964./66 100 x HYV-LX

Average Avéfgge Local HYV* Lv

(percentjﬁg
Irrigated |
Philippings 1,70 1.92 1.79 1,99 11
N. Luzon : - 1.89  1.88 1.67 2.10 . 25
" C. Luzon 2.20 2.31 2.15 2.48 . 16
S. Luzon 1.72 1.81 1.63 1.89 o l6
Visayas 1.21 1.63 1.61 1.65 2
Mindanao 1.30 - L.78 1.50 1.87 _ 24
Rainfed Lowland
Philippineg .21 i.39 1.37 1.44 5
N. Luzon 1.06 L4 1.41 1.55 10
--Cs Luzon . = 1.70 - - 1,92 ~ 1,80 S 2.2 o 23
S. Luzon .17 1,20 1,21 120 a1
Visayas ’ 1.o6 .25 1.21 1,32 . 9
Mindanao Ll 1.2 L 127
Upiand B - o -‘; o : | |
Philippines 077 0,93
Luzon 0.75 . Loo
Vi;éng . o.ss 'g -.6;j3‘>

Mindanao 0.88  0.94

Source: Based 6ﬁ'dé£§ifrbm‘3ureau of Agricnltu:al,Economics,~Départmeht,of
B Agriculture aqd'Natural,Resourcés, Government of the Philippines,

* Includes IRRi, UPCA and BPi-véfiétiéso




Table§; Percent area planted to HYV' s,»nitrogen ‘applied and” grain yleld
per hectare by location and by adoptiono £ HYV Laguna wet seasan
1966 and 1969,

T LT S Nitrogen applied s Grain Yield
e (kg/ha) o (ema)y
Category . faxms. 1966 1969 1966 1969 .

Location
. Bifian . 45 . o 8 o 47 - 1.9 2.5
. Cabuyao L 5 - - 16 ..c 5L 2,2 4.3
Calamba (oo5Le 22 4l 2.9 4.0 .0
Adoption of HYV 1969
 Full adopters o 83 - 14 w49 o 2.3 3.8
- Partial adopters 49 17 o 46 - 0 2,5 3.5;
_ . Non-adopters 20 - 219 .o 45 - 2.5 - 2,8

Full adopters by locatiogﬁLQQQ} R L

i
e
;

. Bifian . ..o oo 31 ¢ 8 v 52 L. 2.0 2.9+
- 'Cabuyaof s S0 29 o 15 44 R 2.1 4.6




Table 6. Percent area planted to HYVs, yield and nitrogen applied per
o hectare, two crop irrigated farms, Gapan Nueva Ecija
wet season, 1965 to 1970,

1970 1969, 41968 1967 1966 1965
HYV 94.3 74.6 35.0 7.9 1.1 0
Local o0 1.3 T 18,3 59.1 . 91.5 98.9 .- .100.0
Mixed IR 7S A | . 5.9 = 0.6 0 0

Yield - . j (tons /ha)

HYV 2.8 3.0 2.8 2.9 - 3.4 e
Local oo le 200 2,2 ¢ 2,3 S22 T 2,2
Mixed L 16 0 2.4 TL201 0 1,8 Lm0 Caiiune Q.
Average o 2.7 r 2.8 2.4 12,3 2.2 ..02.2

Nitrogen (kg/tia) i
HYV - . 49,0 o 47.0 38.7 . 43.7 29,0 i 0
Local ©." 33,2 27.9 ©22.3 7L 22,6 19.7 vevirin17,2
Mixed ¢ 33.7 -+ 33.3 31,3 00 22,0 0 =~dmsii’ 0

hwdﬁérégeﬂ'mw 483 IR BT I B TRy R igiéwm.wU.“17'2
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Table 8. Methods of weeding used by 153 farmers in Laguna survey and by
g 76 farmers in Central Luzon-Laguna surveys, 1966 and 1970 '
wet seasons, CTw

e

.o o Farmers (%)
Method of weed control : _. Laguna = Central Luzon-Ldguna
SRR - © 1966 1970 _ 1966 1970

:chef:ﬁ'icai only " | 25 0 & 3
"Hand;on1§ : . . 8. S 539i;;f 37
3otéfy @eeder 6n1y | 6 1 4-'V . -0
Chem. & hand - s o 15 9 28
:cﬁéﬁj &;fotary weeder . 22 11 - O: 'Tl
‘ﬁmwwaar&m@ fvr.‘~1 3. i'f L; 7
Chem. &Lhand & rota;y ﬁeéaer . i3 | 69 ;' 4 ‘;']Zé

“No weeding 0 0 f: 25 .16
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Table 11, Employment in agriculture and on rice and corn farms, by

sex 1966 - 1968 (In thousand

=N

8)

R

A 2 g g

o :In'Agrieulture”f”

On’' Ricé and Corn Egrms

. .Max e em-Oc tObEE 7

ﬂmiésg:,iéfginwvm; RS

. Male

: Iemale

1967 Total
{iﬁale

Female
1968 Total
,.Male

,;@bmale

,6275 AR

4857

1419 .

6993

5315

1678

7202
5339 Oy

1863 -+

. .....May... . QOctober..

“‘6‘290 Tetalan

4767 ...

1523

6330

4726

1606

5631

4469

1162

4355

3285

1070

4685
3497

1188

4905

3542

1363

S 1159
4349
3140

oar

3959
3065

894

3169

501209, F At

IRV R SN 1

Source:




Table 12.w_§1§§§;qitigs at the.geéns of sectoralwemployment.with”respectu.
“”Wf'itd'the sectoral wage rateq'xgqu;added, and price level.

Wage added level regression
1, Agricultufe;'fishing

and forestry . - =01k - 0,70 .- '+ 490
2. Mining and Quarrying . . -3,25%&/ 3.7 - . .55
3. Manufacturing 0.54 .92
4, Construction -0.48%3/ .97 1.652/ .89
e s 2 : S .64

5. Transport, storage, F g Sy
communications and -0.38 2.20 .93
Utilities -0.23* 1.19 94
6. Commerce C o -0.66  1.35 .93
- ~0.89 - 1,92 " .96
7. Services - , . 1.08 FC0 .95

*%* Underlying coefficient not significant at ‘the 10% level,
*Significant at the 10% level. Unstarred figures are
from coefficients significant at the 5% level or better.
a/With respect to the unskilled wage rate in industry as a whole,

b/With respect to the general price level.




Table 13. Average daily wage rates (no meal provided) on palay
farms, Philippines, 1966-1971, (In pesos)

Average of 2nd & Average of 4th &
3rd quarters Plowing  Planting lst quarters Harvesting

1966 4.32 3.22 1965/66 3.61
1967 4.66 2.84 1966 /67 4,12
1968 4.65 2,97 1967/68 3.68
1969 4.81 2.60 1968/69 3.17
1970 5.13 3.13 1969/70 3.32

1970/71 4.51

Source of basic data: Bureau of Agricultural Economics.




Rice yield (kg/ha)
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Fig. 1. Variability in yield response of rice to nitrogen by vari-
ety and season. India, 1968. Based on experiments of All India
Coordinated Rice Improvement Project.
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Fig. 2. Variability in yield response of IR8 variety to nitrogen
by location and season. India, 1968 (19 locations) and Maligaya
Rice Experiment Station in Central Luzon, Philippines (average
of 1966, 1967, and 1968).
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