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The calculated yield response for HYV growers was lower than the
widely used UNDP fertilizer trial response in the Philippines (average
of wet and dry seasons), but about the same as in International Rice
Research Institute (IRRI) trials for the wet season, although the level
of yields in the IRRI trials was about twice as high. In the dry season,
the level of yields znd the response to fertilizer was about the same
as the wet season average for all farmers growing HYV on irrigated land,
but both level and yield response for IRRI were about twice as high as
for farmers.

In fact, the dry season IRRI trials had higher yield than the UNDP-
FAO Philippine trials through most of the range of fertilizer application
as well as greater response to added increments of fertilizer. These
high yields and high response to fertilizer during the dry season pro-
vide the great contrast between HYV trials and what average farmers have
obtained and have been widely publicized. The farmers average level of
yields and response to fertilizer were similar, however, to IRRI observed
farmers fields with moderate water stress (T. Wickham), a condition
which is common in the dry season, and perhaps typical. Farmers reported
paying prices appreciably higher than published market prices for fertil-
jzer. As a consequence, the calculated profitability for fertilizer
usage and the optimum rate were lower than most previous estimates.
The observed fact that most farmers are not follewing extension service
recommendations may reflect a true lower fertilizer-yield response under
farm conditions than under the conditions assumed when the recommendations

were formulated. In fact, new analyses of IRRI experimental results
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indicate that the optimum level of fertilizer usage based on return-cost
considerations in the wet season is lower than that previously assumed.
This analysis combined with the new summary of IRRI data suggests that
those farmers who use fertilizer on the average have come fairly close to
an optimum usage. Differences in fertilizer usage accounted for little
of the variation in rice yields; more research is needed to find out the
constraints that are preventing fuller exploitation of the yield potential
of HYV.

The most obvious explanation of the difference between yields at
IRRI and or farmers fields is that farmers lack the control that the
experimental plots have for pest and diseases, water and timing of oper-
ations. And it is nst surprising that IRRI does not know exactly why
experimental results are ot being duplicated in farmers fields--for they
have not had extension activities as a major aim--but such research is
now undervay. Also, IRRI spares no cost to ensure controlled conditions,
which may not be economical or even possible for farmers.

Findings of this research are of particular importance given current
world-wide shortages and very high prices of fertilizer and other petro-
leum-based chemicals. “actors other than fertilizer use account for
(56 to 80) percent of *he -ariation between farms in yields per hectare,
and factors otrer than (1) fertilizer and (2) other chemicals (nesticides
and herbicides) combined account for (40 to 70) percent. If the more
important "other" factors can be identified by new surveys or experimental
results, then increased emphasis can be placed on these in farmer recom-
mendations so that yields can be maintained or increased despite the tight

world supply-demand situation for tertilizer and certain other chemicals.



Introduction

The Philippines has played an important role in the introduction of
rice nigh yielding varieties (HYV) in Southeastern and Southern Asia. In
the summaries of international comparisons, the Phitippines leads the list
in the proportion of rice area in HYV. In Dalrymple's summary for 1970/71,
the Philippines had 50 percent in HYV, followed by . Pakistan with 42 per-
cent, and in total area in HYV was second only to India.l/ In 1971/72,

HYV had spread to 63 percent of all lowland naddy area and to 73 percent
of the irrigated portion. The location of the Internationaa Rice Research
Institufe (IRRI) in the Philiprines has facilitated the introduction of
HYV and the adoption of the appropriate technology.

This paper is an analysis of yields obtained from HYV and non-HYV
(1) by farmers in the Philippines with special reference to fertilizer
app]icatidn and response in the irrigated paddy lands, and (2) by exper-
iments and farm trials. Major objectives are a description of fertilizer
response of HYV in thke Philippines, comparison with other varieties,
contribution of HYV to rice production, and a perspective on the exploi-
tation of the potential of major technolcgical advances.

The study began with an analysis of farmers' experience and gains.
Initial comparison and contrast with IRRI results were puzzling. Despite
the great difference in the level of yields ohtained, similarities in

the response to fertilizer began to appear, at first for the principal (wet)

1/ "Imports and Plantings of HYV of Wheat and Rice in Less Developed
Nations," FEDR-14, February 1972, USDA, p. 51.
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season, and then from the water-stress experiments, for the dry season.
The decision was made to combine the IRRI information on fertilizer
response with the results of the BAECON Integrated Agricultural Survey

to trace the development of HYV in the Philippines.

HYV and TRAD Yields -- 5-Year Record

Two questions are often asked about HYV: How much do yieids exceed
other varieties? How much did adoption of HYV add to total production?

Regular surveys (IAS) based on large stratified samples by BAECON
make possible calculations that provide reasonably good answers for the
Philippines.

First, how much higher yields were obtained by HYV growers than tradi-
tional (TRAD) growers? For the Philippines as a whole, the average yield
per ha. of HYV exceeded TRAD by 30 to 35 percent over the past few years
(1968-72) for which IAS data are available. This gross difference is some-
times referred to as the yield gain attributable to HYV. But an adjust-
ment for the varying proportions of HYV and TRAD on upland, irrigated
lowland, and rainfed Towland provides a better basis for comparison. If
upland rice is omitted from the calculation, since HYV is of no consequence
tﬁere, then the average difference in yield between HYV and TRAD drops to
19 percent for all lowland (see Appendix table 3, last column). Since
HYV is better adapted for irrigated land, and a higher proportion is grown
under irrigation, it is logical to make separate calculations for irrigated
and for rainfed Towland. Such calculations show that HYV out-yielded TRAD

by an average of about 10 percent in the past 5 years, if the proportions
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jrrigated are standardized for the two variety typss. For the 5 year period
the average differences were as follows:
1968 - 17 oercent 1971 - 4 percent

1969 - 9 percent 1972 - 14 percent
1970 - 9 percent

The average differential for the S-year period of HYV over TRAD yield
was 14 percent for the irrigated area and 2.5 percent for rainfed lowland.
It is often said that th2 differences have declined over the years. As
shown in the text table the difference was greater in 1968 than in any
other year, but there is no subsequent trend, merely fluctuations. These
comparisons make no adjustment except for irrigation. Whereas it might
be expected that they overstate yield differences because HYV would be
expected to be adopted on the more productive areas, there is some evi-
dence that the comparisons may somewhat understate yield differences. A
detailed regression analysis of a sample of the 1969-70 data showed
differences of about 20 percent in favor of HYV for the irrigated area,
about 10 percent for the 1st semester rainfed, and no difference for the
2nd semester rainfed, or a weighted average of 13 percent more as compared
with the 9 percent avérage reported above. In any case the range of 9
£o 13 percent difference between HYV and TRAD is strikingly smaller than
the usual estimates of 30 to 35 percent. The calculations are shown in
a set of tables in the Appendix.

The second question is how much has production been increased by the
adoption of HYV in the Philippines. Again using the BAECON's IAS data,
the average of 30 to 35 percent higher yield for all HYV applied to the

adoption proportion gives a difference of 12 parcent. However, if the
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differences are calculated separately for irrigated, rainfed (lowland) and
upland, the 5-year average is 4.3 percent higher production attributable
to the higher yield of HYV over TRAD (see Appendix table 2). It should be
pointed out that yields of traditional varieties have shown some increase
since the HYV were introduced about 1967. Some of the rise may be attrib-
utable to a change in thevmethod of estimating yield introduced in 1970.
Nevertheless, these considerably smaller yield differences between HYV and
TRAD varieties than experimental data, most farm trials and demonstrations,
and intuitive estimates not based on systematic farm survey; appear to be
the better estimatec of the average difterences in yield obtained by

Philippine farmers adopting HYV as compared with those sticking to tradi-

tional varieties.

Data Analyzed in This Report

Two types of data are analyzed in this report. They are (1) the gen-
eral surveys of farmers conducted by the BAECON, and (2) fertilizer response
experiments conducted by IRRI including supervised trials in farmers’
fields; these are compared with data from detailed observafion by IRRI
without supervision of'farms with varying types of irrigation (water-stress).

The survey data of the “AECOY are drawn from the two crop years
1969-70 and 1971-72. For the earlier year a subsample of 2100 farms was
drawn from the Bureau's Integrated Agricultural Survey (i.e. the official
crop report). This was a good "normal” year in the Philippines, and more
jnput information was collected than in other‘years. Hore limited data
from a larger sample in 1971-72 provide comparable sunmary estimates for

tha wet season.
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The IRRI fertilizer response experiments for HYV and traditional vari-
eties (TRAD) are located in the experiment stations (Los Banos and other
stations in the Philippines). The data shown here are from the new compre-
hensive analysis of 211 fertilizer response variety trials for released
varieties in the various IRRI stations in the Philippines for the period
1966-7'. Saowance Pisithpun in her unphb]ished M.S. thesis at Los Banos
examined about 1000 trials.2/ The summary relationships exclude trials
that gave results contrary to theoretical expectations such as those
showing increasing returns throughout or no maximum yie]d.'

The trials in farmers' {or a farmer's) fields in Laguna are rather
closely supervised by the Agronomy Department of IRRI, so that the results
are not much different from IRRI experiments, although the management used
may be within reach of many farmers with good irrigation. The water-stress
studies are of unsupervised farmc, and they were selected to include less-
than-adequate irrigation conditions that produce water stiess.

This combination of experiments, farm trials, observatiens of selected
farms, and general sample surveys provides a broad range of yield-fertilizer
response information whose interpretation turns out to be surprisingly
consistent. For those analyses that relate to individual farms, error
terms are much larger than the variation explained by the factors for
which data were available from the surveys. For the controlled experiments,
error terms of (20 percent) or so were common. Research currently is

underway to isolate factors now included in the error terms, and further

2/ "Fertilizer Response of Rice under Varying Environment and
Managernant Practices." U.P. Los Banos, October 1973.
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research and surveys in this area are urgently needed. A major result of
the present study is to indicate the importance of such research.

The procedure that is followad herenis to present the results of the
general survey data of BAECOMN, make summary comparisons with IRRI expari-

ments and farm trials, and then refer to the water-stress results.

General Comments on Yields

The Integrated Agricultural Survey (IAS) sample data for 1969-70 was
broken down into 1st semester or wet season (July-December 1969);
2nd semester or dry season (January-June 1970); irrigated and rainfed; HYV
and traditional varieties. There were enough cases in each of these
groups except rainfed in the second semester to permit a statistical anal-
ysis. Irrigated areas average from 500 to 700 kgs. higher yield than rain-
fed areas. Within the irrigated area, HYV averages 350 to 400 kgs. higher
than other varieties whereas in the rainfed areas, HYV yields are about
190 kgs. higher in the wet season and about equal to other varieties in
the dry season. See Table 1 for averages and medians, and Figures 1 and 2
for yield distributions.

' In contrast to the International Rice Research Institute experience
and some farm trials and demonstrations, wet season yields for irrigated
varieties in the IAS sample average about 130 kgs. higher than in the dry
season. Finally, upland yields average 450 kgs. less than rainfed lowland

yields.
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Other Yield Comparisons

The difference between HYV and traditional variety yields reported
here from farm surveys are smaller than most comparisons, especially those
reporting on experiments or supervised farm trials. However, a few surveys
of farms have found results similar to those reported here. P. C. Manuel
and M. P. Lopez 3/ of UPCA found small differences in yields of HYV and
traditional varieties for the season 1967-68 in Laguna and Rizal, leading
provinces in adoption of HYV's.

L. A. Paulino and L. A. Trinidad 4/ of the Bureau of Agricultural
Economics using the BAECOH data for crop years 1958 and 1969 found that
average yield on irrigated land for the IR series was 1890 kgs. per ha.
vs. 1630 for traditional rsarieties, an advantage of 260 kgs. Some of the
farm comparisons of HYV and traditicnai by R. Barker and associates of

IRRI have also shown small differences and poor response to fertilizerd/,

Yield Distribution Characteristics

In general, the yield distributions are skewed to the right, like
incomes with the median smaller than the mean, as shcwn in Table 1. For
irrigated paddy produ&tion the adoption of HYV's leads to a more normal
distribution. For rainfed or non-irrigated lowland paddy tha shift is a

further skewing to the right.

3/ "Productivity of Farms Using Traditional and Improved Rice Varieties
in Rizal and Laguna," pp. 3-1 to 3-20. Seminar on Economics of Rice Produc-
tion in the Philippines, UPCA-IRRI, 1969.

4/ "The Shift to lew Rice Varieties in the Philippines." pp. 1-1 to
1-20 in Seminar UPCA-IRRI, oo. cit.

5/ "The Probable Impact of the Sced-Fertilizer Revolution on Grain
Production and on Far: Labor Reacuirvements.” HMineo. Tanze prenaved for
Stanford University Conference, December 1971. (Tha preliminary paper is
more explicit than the final published one.)










- 13 -

variation in fertilizer use, even with the addition of the quadratic term
(i.e. fertilizer squared). Hevertheless, these two terms account for more
than half of the explained variation in yield.

The second input available from the sample is expenditure for chemicals
to control weeds, pests, and diseases (fia. 7). Chemical expenditure may
not be és satisfactory an independent variable affecting yield as fertilizer,
since the use of more chemicals might reflect a more serious control problem
instead of giving added control.

For herbicides there are specific reconmendations, and relatively low
cost herbicides are reported to give zcod control under good moisture condi-
tions, if directions are followed. MNevertheless, herbicides are little
used on Philippine farms. For pesticides, generally, i.e. control of all
types of pests and diseases, the situation is more complicated, and there
are rno general recommendations--it depends on the incidence of the pest or
disease. One of the major thrusts of IRRI is to produce resistant strains
or seed varieties.

These caveats notwithstanding, chemical expenditures were hypothesized
as being an index of the attempt made to control weeds and pests other than
that made by cultivation, hand weeding practices, and variety selection.
After fertilizer, chemicals was the most important variable in explaining
variations in yield, and the positive regression coefficient was statis-
tically significant (t=4). However, the expenditures made were rather
small--the average was 6 pesos (or about $1.00) per hectare, and hence
represents a very slight control effort. Since the use of HYV's and fertil-

izer ordinarily intensify the weed, pest, and disease problems, and the
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humid, tropical conditions in the Philippines have a similar influence,
weed, pest and disease control are important needs for palay farmers.
IRRI is giving attention to what can be done about these problens on the
basis of economically profitable practices for farmers.

Fertility and climatic conditions are important influences upon yield.
They are represented in the regression analysis only by the weak proxy of
location by region. Although yields vary considerably by regions, the
independent effect of regicn, other than that associated with irrigation,
variety type, and fertilizer, was rather limited in the irrigated HYV
regression equation. The Central Luzon area was used as the standard.
Three regions had higher yields (t-value greater than one)--Cagayan Valley,
Bicol, and Southern and llestern Mindanao--and the other five regions were
not significantly different from Central Luzon.

Type of irrigation was tried, with negligible results. The one
dominant type, stream diversion, made the results of other types of
limited significance. The ownership of the irrigation system was a little
more significant with government ownership associated with somewhat higher
yields than cooperative or individual efforts. Irrigation fees were also
df some influence, and directly related to yield. Size of farm was an

inconclusive variable. Tenancy was likewise of limited influence upon yields.

Profitability Calculation

A common way to calculate how much fertilizer is nrofitable is to
make use of a fertilizer response curve, and to relate thi: to the price

ratio, using 2 to 2-1/2 to 1 as the appropriate return and allowing
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for the harvesters' share. e haye uszg 2-1/7
the harvestors' shars which 9s oouivalent Lo 2.1 to 1, incluzirs oo
shara, fnn cide of tro orofit ¢
what ratio of yi=ld resronze W11 veturn 2030 t2 1 {522 etnzion 1.0,
Table 2). For the curve fittzd for the vet szasen, irrigatsd BYV, this

ratio is reached 2% a relativeis Yoo fertilizer anplizetion, (33 kgs./nn.
. : s N B

of N+P), near ihe oan raze of uszge in 1470 for tnoie using Tertilizer,

wet season w2s about in ecuilibrion for fortilizer usaze, givan the
relatively low yicid-resuorse to fortiiizer,

An additicnal influsnce rastriciing tho ontirun fertilizer appli-
cation is that farmers in this group rencriod oaving an averzge of 1.75
pesos per kilogram of 1+P, about cne-third iizhoe than thz rub
market price for Contral Luzon, The naticnal avarags price roccived ty
farmers for palay (reported by BAECGH) of 16 pescs per cavan or .50
pesos per kilogram was used in the calculation, aiving a fertilizer
(N+P) - palay price ratio of 4.26 to 1. This is less favorible for the
farmer thzn the < to 1 ratio wnich has bzen calculatsd for the Philippines
for recent years for nitrogen-palay {excepting those benefiting during

the fertilizer subsidy pcried 1950-63).

TRADitional-Irriratad, Fertilizar Parnonse

For the non-i7Y, the ragrossion rasuizs for fertilizar users

(54 percent of the total) showad a yicld rosponse that was abert three-

N

fourth as largs as for The BYY aroup.  Thers was no incication of

[¢

...... 3 H - - . Lt -

diminishing respoasz as apalicetion InCreased, wamiy Loloust Lh2rd Jire
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few observations for heavy fertilizer usage. For reasons that are not
clear, several of the dummy variables that were insignificant for HYV
accounted for a significant part o7 the variation in TRAD yield. In
addition to the numerical variables fertilizer and chemicals, two of the
dummy location variables, Ilocos and E. Visayas had yields lower than

C. Luzon. The larger size farms also héd lower yields, especially the
next to the largest size groun. For the irrigation variables, those who
reported inadequate systems had lower yields, the community systems were
also lower, and pump systems had higher yield than gravity systams.
Finally owners got significantly higher yields than tenants. lith the
contribution of these several variables, the variation in yield explained
was twice as great as for the HYV group (RZ=.35 as compared with .17).

See equation 2-4, Table 2.

HYV and TRAD Comparison Irrigated - Yet Season

In addition to the comparison of the regression equations for HYV
and TRAD, irrigated in the wet season, the comparison of yie]d levels
obtained by fertilizer application can be made from cross-cection tabu-
lation, as shown in figure 8 and table 3. By far the largest groups
were those using no fertilizer--37 percent of the HYVs and 46 percent of
the TRAD's. For these two groups HYV yields exceeded TPAD by 71 kgs.
HoWever, the HYV group had a substantial reduction (one-third lower) in
the variation in yield.

Most of the HYV growers using ferti]izer applied from 10 to 65 pesos

(5 to 35 kg. N+P) fertilizer and these got reasonably good response, with



-17 -
yields around 2600 kgs., well above the average of 2055 kags. for those who
used no fertilizer, and from 350 to 990 kgs. higher than the traditional
groups using the same quantity of fertilizer. Above 65 pesos par hectare
for fertilizer, gains from fertilizer use were erratic, although the HYV
groups obtained higher yield than the TRAD groups.

In the second semester--it is rot dry in all regions--over 2/5 of the
HYV growers used no fertilizer, obtained appreciably higher vields (6 cavans,
or 264 kgs.) than non-HYV growers using no fertilizer, and also had lower
variation in yields. In short, this large group of adopters of HYV reduced
risks and obtained marginal gains from the revolutionary potential of high
response varieties. For the fertilizer users, so few in the TRAD group
are included in the sample that no comparison between the HYV and the

TRAD yield can be made. See table 3 for fragmentary data.

Wet and Dry Response Compared

For the dry season, the yield response to fertilizer for HYV was
about the same as in the wet season. In the lower range of fertilizer
usage up to 45 pesos (25 kg. N+P), wet season yields averaged about
450 kgs. higher than in the dry season, but for those using more fertil-
{zer, and for the large groups using none, the differences in yields

were small and erratic (see figure 9).

Technical Note

(These equations are shown in the summary dated November 1972). The curves
we have for users only seem to be better than witnh t..e non-users included

for the dry season, but the reverse is true for the wet season!
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For the wet and dry seasons, the users only curves are nearly straight

lines and very similar with respect to fertilizer response:

Semesters

1st Y = 1891.2 + 10.030 P + 22.854 P. - .0223 (Pf)z, p. 51, 3rd run, 11/24/72

2nd Y = 1806.3 + 10.940 P¢ + 3.867 P¢ -. .0262 (Pf)2 » p. 188, 3rd run, 11/29/72
where Pf = fertilizer per ha. in pesos; P¢ = chemicals per ha. in pesos,
and Y = yié]d in kilograms.

If we take the simple regression, or 1st step, we get:

Ist Y = 2,254.6 + 6.594 Pf

2nd Y = 1,958.5 + 6.573 Pf
again very similar, and with lower slope.

For the wet season, inclusion of all the variables and adding non-
users raises the slope a bit, and adds some curvilinearity. For the dry
season, the slope is reduced.

For traditional, 1st semester the best curve has a slope for fertil-

izer 3/4 as steep (7.5 vs. 10), but has no curvilinearity.

HYV and TRAD Comparison - Rainfed Lowland

For rainfed, 1st semester, the average yield increase for HYV over
TRAD was 190 kgs. or 12 percent--from 1588 to 1778 kgs., although the
median increase was only 141 kgs. or less than 10 percent. (See figure 10
and table 4). Partly, this reflected a limited change in technology.
Over half (54 percent) of the HYV group used no fertilizer, which was a

small shift frem the TRAD group, 46 percent of whom used no fertilizer.
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For the large number of the HYV group using no fertilizer, the yield
at 1600 kgs. was oniy 124 kgs. higher than for the TRAD no-fertilizer
group. For those using fertilizer, up to 45 pesos per hectare, i.e., up
to about 30 kgs. N+P/ha., the HYV oroup obtained an average of around
2000 kg., or about 420 kg. more than the TRAD group using the same amount
of fertilizer. Thus, this group of HYV-growers, representing nearly half
of the fertilizer users, got good fertilizer response, with yields more
than 400 kg. higher than the no-fertilizer HYV group, as well as a similar
differential over the TRAD group using the same amount of fertilizer. Of
the other HYV fertilizer users, a little more than half the total used
45 or more pesos of fertilizer, but got relatively small increments in
yield as compared with the 1ight fertilizer users of thz HYV group, or

as compared with the TRAD group using the same amount of fertilizer.

Optimum Fertilization -- Private vs. Social

We have now compared HYV and TRAD irrigated in the wet season and
in the dry season as well as in the wet season for rainfed lowland. A1l
these are important parts of the Philippine rice picture. We have
omitted only upland rice, where HYV and the new technology have not y=zt
had an appreciable impact. We wish now to go back to pick up the story
of irrigated HYV in the wet and dry season, and to discuss the fertilizer
response and profitability in more detail. Since the aim is to generalize
as much as 1is warrantea, we will include additional data for comparative
purposes. The first set is the widely used yield-fertilizer response

curve for HYV from the UNDP-FAQ trials over a period of years in the
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Philippines. The single curve to be used here is the one for the Philippines,
HYV, an average for the wet and dry season 6/. 1t is not available by sea-
sons. The second is the summary of IRRI fertilizer-response trials which

is available by seasons. The third is a later year of the farm survey (IAS)
by BAECON--the wet season ]971-72 for the Philippines excluding Central

Luzon (where tungro infestation damaged the crop).

Comparison of IRRI Trials with Farmers' Practices

IRRI trials are fundamentally different from farmers' practices with
the trials carefulily controlled, and typically only one thing allowed to
vary with all others heid optimum.

Nevertheless, the trials are undertaken to be helpful to farmers and
comparison is required to obtain inferences for farm recommendations.
Comparisons have been made, and the recommended farm practices are adapted
from the trials, with saome adjustments and allowances by informed people
on an ad hoc basis using whatever other information 1s'ava11ab1e.

The comparisons made here require some interpretation and some reser-
vation. Thus we say ;hat the slope of the yield response to fertilizer is
qbout the same in the wet season for IRRI trials and for the average of ail
farmers growing HYV on irrigated land, although the level of yields for
each fertilizer application is about twice as high for IRRI as for the
farmers. In the trials, the phosphorus, and potassium are held constant

at optimum levels, the weeds and grasses, pests and diseases are carefully

6/ UNDP-FAO Soil Fertility and Research, Philippines, Final Repert,
Vol. I, p. 134-A.
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controlled, etc., and only the nitrogen application is varied. For the farms,
we have little information on the other factors and the weak "control" that

is possible with multiple regression analysis is not T1ike the controls for
the trials.

Despite these reservations, the very similar average fertilizer response
during the wet season for IRRI trials aﬁd for farmers on irrigated land was
surprising new information that changes the perspective on the problem of
Tow rice fertilization and low yields. One must bear in mind that these are
average relationships and that year-to-year variations are large, as shown

later (Fig. 12).

Wet Season

As menticned earlier, the price per kg. of N fertilizer in the Philippines
. has averaged about 4 times the price received by farmers for a kg. of palay,
and a ratio of 2-1/2 pesos of palay per peso of fertilizer is a rule of
thumb often used to calculate the most profitable return from fertilization.
If 4 to 1 is used for the fertilizer-palay price ratio, and a return of
2-1/2 to 1, excluding harvester's share, is calculated as the most profit-
able point, then this is reached where the yield response to fertilizer is

10 kgs. of palay per kg. of plant nutrient N, or N+P). This marginal

response is shown for the several curves in the lower panel of figure 11.
For‘the IAS-wet season, 1969-70, the most profitable fertilizer usage
increases from the 35 kgs,, calculated above for the higher cost that
farmers reported paying for fertilizer, to nearly 50 kgs., as the marginal
response curve is relatively flat, and the most profitable rate of fertil-

ization is rather sensitive to prics-cost changes.
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The other wet season curves, the IRRI summary and the IAS, 1971-72
Philippines excluding C. Luzon, the most profitable fertilizer usage is
about the same, a 1ittle under 50 kgs. These marginal response curves are
much steeper, however, so that the most profitable rate of usage is less
sensitive to price changes. This reans that even with considerable shifts
in the fertilizer palay price ratio, or'in the rule of thumb about rate of
return, there would be 1ittle change in the most profitable rate of fertil-
jzation. Although the individual farmer will have to adjust'to his own
fertilizer-response relationship, for the average shown here, the most
profitable application is a little less than 50 kgs. N/ha., and there is a
considerable penalty for applications much above or much below this rate.
For example at 60 kg. N/ha., the marginal return is only 4 kgs. of palay
for each kg. of N, and at 68 the marginal is zero.

For a fertilizer authcrity that wished to obtain the maximum amount
of palay from a given quantity of fertilizer availab’e, rather different
calculations are appropriate. If the allocation is made to maximize
farmers' inromes, the amount to be supplied would be for fertilization at
a little under 50 kg. N/ha., as explained above. The authority would
obtain about 20 kg. of palay for each kg. of N allocated. For smaller
quantities of N/ha., however, there is a divergence between the farmers'
and .the authorities interests. For example at 25 kg. N/ha. fertilization,
the farmer is using less fertilizer than his optimum rate of nearly 50 kgs.,
but the authority would be obtaining 26 kg. of palay per kg. of M allocated,
as compared with only 20 to 1 for the allocation of 50 kg. N/ha.
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- Thus, for the IRRI wet season summary and for the IAS wet season 1969-70
curve for the Philippines otner than C. Luzon, there is a distinct divergence
between what the individual grower would prefer (around 50 kg. N/ha.) and
what would maximize the extra rice that can be produced by a given (1imited)
supply of fertilizer. The amount of extra palay that can be produced by the
quantity of ferti]izer available can be increased by reducing the allocation
per hectare below the recommended or most profitable rate for the individual
farmer. By a coincidence (I think) the marginal rate for tnhe UKDP curve
about coincides with the rate per hectare that is appropriate for the
authority to use to estimate the palay production that can be obtained

from a given limited quantity of fertilizer.

Qualifications

An important qualification is that the IRRI curves are an average of
wet season data from different years, and the two IAS curves are each for
only one season. As shown in the 1972 annual report of the Agricultural
Economics Department of IRRI (reproduced here as figure 12) the year-to-
year variation in fertilizer response is surprisingly large in the wet
season for the carefully controlled IRRI trials. Thus, even for IR-8 in
the wet season, out of the 7 years' trials, two (1966 and 1970) showed poor
fertilizer response, whereas other years showed much more response. For
"R-20, there are 2 good years (1970 and 1972) and 2 years with 1ittle
yield response to fertilization. Although the IAS data for Philippine
farmers for the two years shown have similar response to fertilization,

large year-to-year variation seems likely.
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" The set of curves of trials and the farm surveys for the wet season
jrrigated HYV point to similar average must profitable fertilization rates--
a little under 50 kg. il/ha.--with ni’rogen-palay price ratics about # to 1.
This is somewhat below reccumended rates based upon earlier and less com-
plete data. MNevertheless, the shapes of the curves are different, and the
coefficients determining the shape havé uncomfortably large error terms
and annual variations. The level of the yield curves varies greatly from

the farm practices to IRRI controlled trials.

Dry Season - IAS and IRRI

With all these limitations for the wet season data, they are more
nearly convergent than the dry season information. The IAS cross-section
and regression results for 1969-70 wet season vere discussed above. Mo
comparable data were collected for the 1971-72 dry season, and no other
data have been tabulated. The ganeral picture was shown in figures 11 and
12 above. Whereas the IAS curves were similar in both level and shape
in the wet and the dry season, the IRRI experiments are in sharp contrast
between the seasons in slope, level, and variation from year to year.

The dry season fertilizer-response of trials in IRRI experiments are gen-
erally superior to the UNDP standard, both in level of yield and response
to fertilizer (slope). The IRRI experiments obtained considerably higher
response through low and intermediate ranges of fertilization and they are
equal to the UNDP at the 10 to 1 marginal rate at around 90 kgs. N/ha.,
the most profitable rate of application where the N/palay price ratio is

4 to 1.
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The smaller variation in fertilizer response during the dry season
than in the wet season in IPRI experirents is shown in fiqure 12. For
IR-8, the almost unifurm strong advance occurs in 5 of the 6 years, and
the 6th year response is above the average in the wet season. All 4
IR-20 responses are streng.

For the IAS survey of farmers, the rrincipal curve fitted for the
dry season is not sufficicntly different from the wet season curve to
require any comment. Howaver, the sarple for the dry scason is rather
small, and the fertiiizer-recponse curve is not firmly established by
the regression calculation. An alternative rearession curve is shown
which has considerably greater sleope than the one 7or the wet season,
and a higher rate of fertilization would bz profitable. The qgreat dif-
ference from the IRRI experiments and trials has bean bridged by the
water-stress unsupervised farm trials.

In a series of trials, with severe, woderate, and light water-stress
options, the rioderate water stress was judged to be the most representative
of average irriaated-paddy conditions in the dry season. The fertilizer
response, and the difierences in averace yields betwcen MYV and TPAD

varieties were similar to the results of the IAS dry season data //.

7/ Thomas H. Yickham, in Annual Reports, IR2I and mineo seminar papers,
including "lajor Constraints to Rice Production with Smnhzsis on Yields in
the Philippines" jointly with Robert Y. Ferat, Apr. 22, 1974 and, "Effect
of Moisture Stress Periods in Relation to Irrigation Systems" April 23-27, 1973.
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Comparison with IRRI's Trials in Farmers' Fields

Each year IRRI conducts experiments in farmers' fields to study vari-
etal response to nitrogen fertilization under management conditions that
are within reach of most Asian farmers (p. 162, 1971 Annual Report). The
trials are on irrigated land in Laguna, and the varieties reported include
IR-8, IR-5, and non-IRRI HYV in the earlier years, and the IR-20 series
in recent years in hoth the wet and the dry seasons. Before the compre-
hensive analysis of IRRI fertilizer response trials became available, the
trials in farmers fields were compared with the IAS data with results so
similar to those that have been discussed above that the discussion has
been eliminated. Since the data are not available in quite the form in
which they are summarized here, they are shown in tables 5 and 6 and in

figures 13 and 14 with comparisons.

Low-Yield and High-Yield Farms

An attempt was made to compare the characteristics of farms with high
yield with those getting low yields as compared with the average for all
Towland irrigated farms based on IAS data, 1969-70. Farms were arrayed by
yield separately for HYV and traditional varieties, and the averages were
computed for the highest fifth, the Towest fifth, and the average, as shown
in tables 7 and 8. For HYV farms, the upper quintile averaged 4270 kgs.
per hectare yield as compared with 1010 kgs. for the lower quintile, or a
ratio 4270/1010 = 4.2 to 1 and a much higher proportion (83 percent vs.

42 percent) used fertilizer as well as chemicals (80 percent vs. 40 percent),

their ¢.penditures per hectare ware several times as high and they reported
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more- adequate irrigation. The average was intermediate in each of these
respects. For the traditional variety aroup, the same general pattern
prevailed with yields in the upper quintile 880 kgs. lower than the LYVs
and the average 440 kgs. lower. Somewhat fewer traditional variety growers
used fertilizer than the corresponding HYV aroup, and they spent somewhat

less per hectare and purchased a negligible quantity of chemicals.

Implications for Research and Policy

If these comparisons indicate the present situation for IRRI and farm
technology, what can be done to exploit the yield potentials of HYV on
Philippine farms? International comparisons show that fertilizer exnansion
in the Philippines has becn slower than in some other Asian countries & 9/.
The research need is to know what has to be done to raise the level of
yield at any fertilizer level. As of now, one can only cite the usual
several things that are essential for good yields, and the skills required
for trained extension workers (pp. 323-24 Rice lManual, 1970.)

As IRRI has stressed, and is now investigating, we do not know what
accounts for the variation in rice yields under field conditions. ‘e do
know from the 1970 data analysis and other studies that farmers are using

very limited quantities of chemicals for control of weeds and diseases and

8/ "The Impact of Devaluation on Fertilizer Use and Profitability in
Philippine Rice Production," p. 1 and fig. 1, mimzo, IRRI, May 21, 1970.
Similar results are reporied by John T. Shields and Robert C. Gray of TVA
in "The Fertilizer Industry in tihe Philippines,” with the Technical York-
ing Committee, Presidential Fertilizer Comuission, in cooperation with
AID, 1971.

9/ "The Green Revolution: Second-Generation Problems," p. 699;
pp. 69C-710; AJAE, [ec. 1970, Vol. 52, Ho. 5.
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pests. For weed and grass control, there are specific recommendations that
would seem to be clearly profitable for the small proportion of farmers who
have good water control and water supply.

Weeds and grass can be controlled without herbicides as reported from
Taiwan, S. Korea, and Japan. But the average size of paddy fields is about
twice as large in the Philippines as in these countries, irrigation is less
adequate, and the weeds and grass may grow faster under the wet, tropical
climate of the Philippines. It may be that hand control of weeds and
grasses is so arduous in paddies in the Philippines that it is not a prac-
tical recommerdation. (This is the judgment of one of the Taiwan techni-
cians who worked con tie ASPAC multiple-cropping project in Hueva Ecija.)

We have little specific information on the weed control effort, or the
damage due to inadequate control. Barker and associates in a Gapan study
weighed weeds and found more direct relationship to fertilizer application

than the fertilizer-yield relationship.

Wet Season, Irrigated, HYV

For irrigated HYV, the wet season and the dry season have very different
fertilizer response, and this report has more nearly convergent results for
farms and experiments for the wet season than for the dry. In the wet
season, the widely used UNDP yield curve for varying rates of fertilization
is higher than the IRRI and far above the farm (IAS) yield throughout the

full range of fertilization rates.
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The implication is that the route to higher profitable yields lies
in other improved practices that will make possible a better and more
dependable fertilizer-yield response. IRRI is engaged in a research project
to ascaertain the constraints that are holding palay yields well below
thcse obtained in trials, demonstrations, and on many farms--perhaps one-

fifth of all farms.

Dry Season, Irrigated, HYV

In the dry season, the UNDP curve aad the IRRI yield curve are very
similar, with IRRI obtaining somewhat higher average yields and marginal
response through lower and intermediate ranges of fertilization. The
10 to 1 response rate 1is reached at the same point fer each of them, at
around 90 kg. N/ha. Uhereas, the farm survey (IAS) yield levels and
marginal response are considerably lower.

Since most of the rice in the Philippines, irrigated and rainfed, is
grown in the wet season, and a minor proportion has sufficient water for
irrigation in the dry season, it would be desirable to develop varieties
that would have high response sustained to high rates of fertilizer
application for the wet season, and then teach farmers the technology to
exploit the high yield response of tie new varieties. Since solar
radiation is so important for the HYVs developed, the aption of developing
HYVs for the wet season may be difficult, or even not feasible. But, it
would be helpful in the Philippines--and elsewhere in the monsoon rice

regions.
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The other possibility is to develop better irrigation that would
provide water for the dry season and then teach the farmers to exploit
the yield response of the HYVs.

Since both of these options appear 1o be long-range rathrer than
immediate possibilities, one of the things that appears feasible for
the present is to find out why farmers are getting so 1ittle of the high
production'response and yield capabilities of HYV in the dry season, and
remove these obstacles. This is a research task that requires neither
scientific breakthroughs nor large financial or practical administrative
allotments to begin the many steps required. IRRI (economic section)
conducted a preliminary study of yield variation causes on a sample of
farms, and has launched a multi-disciplinary project to study "the
. factors preventing Asian rice farmers from getting the high yields that
have been demonstrated to be possible using semi-dwarf rice varieties ‘
and complementary management practices, and a number of other projects
underway or proposed are relevant, including ASPAC multiple cropping and

the Israeli Moshav Cooperative project.

10/ R.W. Herdt, S.K. DeDatta, K.A. Gomez and T.H. Wickham, "Identifying
Constraints to Higher Yields on Asian Rice Farms." Working Paper I,
International Rice Agro-Economic Network, June 1974.



Table 1.--Yield Distribution fAverages 3nd Medians in ¥jloarars

-~ © Mea “adiy: Differoncs D
) § @ () - () ¢ ot fary ¢ Percent
Ist Serester . T T T T 7T - fdlofrars - - - - - - - s
Irrigated ;
HYV vevneenn. P 2385 2262 123 351 55
Traditional .. 1929 23 159 265 42
Difference ...: 306 432 --- --- --
Total ..... e - - 1/634 100
2nd Semaster
Irrigated .
HYV ooeevnnnnt 2262 2147 115 319 67
Traditicnal ... 1905 1653 242 14430
Difference ...: 357 484 --- --- --
Total ..... Lo - - 1/479 100
1st Semester
Rainfed .
HYV vevvveeennt 1778 1606 172 259 33
Traditional ... 1583 1455 123 485 62
Difference ...* 190 141 -- === -
Total ..... R --- --- 1/778 100
2nd Semester
Rainfed .
HYV vvvnnnnt 1426 1170 256 145 49
Traditional .. 1390 1188 202 150 50
-Difference ...; 36 -18 -—- --- --
Total ..... D --- --- 1/298 100
Upland :
1st Semester : 1140 968 172 338
2nd Semester | 1580 1144 436 29
Total .... : 1307 ~ 387
17 Treludng 3 2020 e of miead SV and TROT
Source:  Subsa T of Curriu of Swicutieral feonoaics [eizgrateg

Agricultural Survey, crop year 1289-70.



Table 2.

--2egression results for irrigated rice production, first semester 1969-70, Philippines*

ta. . : 2 : . : y Fertilizer : x Chemicals 2 pi s
No. Dependent Variable R . Constant - "¢ Ler nectare ¢ peso/ha. X¢ Specification
HYY

1.1 HYV Yield (kilos) .17 1953 18.11 23.50 -0.0858 Fertilizer in kilos of (N+P)

p. 37 3rd run 11/24 (5.791) (5.889) (0.0565) A1l reporting n = 320
1.3 HYV Yield (kilos) .18 1855 12.00 20.75 -0.0316 Fertilizer in pesos

p. 27 3rd run 11/24 (3.385) (5.956) (0.0199) A1l reporting n = 320

. e N Fertilizer Chemicals : X:. X X 2
Dependent Variable R2 Constant Xf por hestare ¢ veso/ha. f “c c
NON-HYV

2.2 Non-HYV Yield (kg.) .23 1866 6.442 45,54 .4534 -2.100 Fertilizer in Kgs. of (N+P)

9. 118 3rd run 11/29 (4.079) (22.54) (.3996) (.7208) Users only n =138
2.4 Hon-HYV Yield (kg.) .35 1922 7.497 51.53 -1.588 Fertilizer in pesos

p. 199 3rd run 11/29 (2.127) (20.97) (.5806) Users only n= 138

Yield Fertilizer per hectare * Chemicals A1l reportin
N+ P : N P . P 9
Kg/Ha. P2so/Ha. = = « « = - - - - - - Kg/Ha. == = = = = = = = - - Pesu/Ha.
HYV,

1.1 Means 2429 35.16 21.57 16.29 5.287 6§.152 n = 320

(s.D.) (1108) (43.82) (26.91) (21.38) (12.89) (10.28) Price of N+P

= 1.76 pesos

i.3 Means 2627 56.53 (31.96) 24.13 7.833 7.737 Users only

(s.D.) 1056 (42.49) (27.21) (22.09) (15.05) (11.59) n = 216

NON-HYY :

2.2 Means 2005 28.68 18.57 12.25 6.315 3.380 n = 238

(s.r.) (943.7) (25.10) (25.00) 19.23 (12.40) (6.863) p 40 3rd run 11/29 Price of N+P

= 1.54 pesos
2.4 Means 2116 49.46 32.02 21.13 10.89 4.897 Users only n = 138
- (S.D.) (912.0) (23.10) (25.44) (21.23) (14.69) (8.076) p. 88 3rd run 11/29




Table 2a.--Regression results for irrigated rice production, first semester 1962-70, Philipnines (Cont'd)

’ Region
Eq. Cependent ~ .
No. Variable R : R2 Ceggral : Souiﬁern : RS : Ea?gern : WDSZern : NRE‘*‘j E SRg W
: Ilocos : Cagayan : " Bicol o oirITlt oot A
: Luzon  Tagalog o Visayas | Visayas . Mindanao  Mindanao
HYY
1.1 HYV Yield (Kg.) --- 295.5 --- --- 186.3 --- --- -—- 197.6
(203.7) (164.1) (185.4)
1.3 HYV Yield (Kg.) --- 308.2 -—-- --- 204.6 -—- -—- --- 209.4
(201.0) (166.7) (179.7)
NON-HYV _
2.2 Non-HYV deld (Kg.) -978.7 -—- -— - - -826.5 -314.0 --- ---
(251.8) (362.7) (293.9)
2.4 Non-HYY Yield (Kg.) -786.0 --- -—-- 250.6 --- -623.4 --- 559.8 -
(245.4) (192.0) (355.2) (431.2)
HYY
1.1 Means .0469 .0S69 .2186 .1438 1719 .0656 .0469 .0625 1469
(5.0.)
1.3 Means .0648 .1065 . 2825 L1759 111 .0324 .0602 .0694 .0972
(5.D.)
NON-HYV
2.2 Means .1765 .1008 .3867 .1218 .0588 .0504 .0588 .0336 .0126 -
(s.D.)
2.4 Means) 1377 .0725 .4493 .1667 .0217 .0507 .0652 .0362 .0000
(S.D.

Cont'd.



Table 2b.--Regression resuits for irrigated rice production, first semester 1969-70, Philippines {Cont'd)

f * Size f Tenure
Eq. Dependent i - - - - - 75 - v
No. Variable i St . S2 oS3 Y : S5 mn : Pér‘ T3 o T4
. Lower 1/5 [ 2nd 1/5 | 3rd 1/5 : 4th 1/5 Upper 1/5 : Owner Gwngr . Lease [ Tenant
HYY
1.7 HYV Yield (Kg.) -—- --- -——- -——- - 123.2 --- -——-
(135.7)
1.3 HYV Yield (Kg.) -— -——- -—- -— -—- --- -—- -—-
NON-HYV
2.2 Non-HYV Yield (Kg.) -— -—- --- -391.0 -407.2 404.7 198.2 —-———
(181.1) (212.6) (212.2) (202.6)
2.4 Non-HYV Yield (Kg.) --- -—- --- -201.9 -270.6 4211 213.6 -——-
(178.7) (207.7) (209.0) (198.9)
HYV

1.1 HMeans .1875 .1281 .1813 .2063 .2844 .2906 .2469 .0969 .3656

(S.D.)
1.3 Means .1991] .1343 .1852 .2269 .2361 .2361 .2500 .1250 . 3889

(5.D.)
2.2 Means .2311 .1639 .1513 .2521 .1891 .2647 .1849 1176 .4328

(s.D.)
2.4 Means . .1884 .1812 .1232 .2899 .2029 2174 .1884 .1159 L4783

(s.Dn.)

Cont'd.



Table 2c¢.-~Regression results for irrigated rice producticn, first scmoester 1909-70, Pniliniine, (Lonl'd)

Irrigation
Eq. Dependent T ; 5 .
No. Variable Irrigati 12 : I3 : 14 ) I5
rr;ge Ton Pump : Inadequate Communal , Private
HYV
1.1 HYV Yield (Kg.) 1.33 -—- : -152.6 - ——
(1.07) . (130.8)
1.3 HYV Yield (Kg.) 1.33 -—- -176.8 --- -
(1.06) (125.7)
NON-HYV
2.2 Non-HYV Yield (Kg.) .10 472.0 -334.1 -362.4 -282.0
(284.4) (157.3) (177.8) (257.0)
2.4 Non-HYY Yield (Kg.) 501.5 -352.1 -347.4 -263.0
(280.4) (155.2) (176.3) (252.4)
HYV
1.1 Means 24.78 .1219 .2781 . 2781 .2250
(s.D.) (54.66)
1.3 Means 30.15 171 .2593 .2731 .2083
(S.D.) (62.76)
NON-HYVY
2.2 Means 20.09 L1134 .4118 .3571 .1807
(s.D.) (44.71)
2.4 Means 24.02 L1449 . 3841 .2971 .1957
(s.D.) (48.89)

% Variables having a t-ratio of less than 1.0 were cmitted from this table but were inc1uded in-ﬁhg statistical
analysis if at any step the t-ratio reached 1.0. Numbers in parenthesis below the rearession coefficients are the
respective standard errors and those below the means are the standard deviations.



Interpretation of Dummy Variables

The coefficients shown in *he unper part of the table on page 15a
represent the yield differences in kilograms of palay of the region
from the region sclected as the standard (Central Luzon) and the
figure ir parenthasis below each coefficient is the standard error.

The means shown in the lower part of the table represent the relative
frequency of the region in the sample, with the sum of the means for
all the regions adding up to 1.000.

The same interpretation holds for the other dummy variable groups
shown on the 2 follewing pages. For the size of farm group, size 3
js the standard from which yield differences are calculated fer other
size groups. For tenure, tenant (not shown) is the standard; for
type of irrigation ounership, government ownership is the standard;
for adequacy of system, adequate is the standard; and for source of
rater, stream diversion is the standard.



Table 3 .--Yield-Fertilizer Cross Classification, Irrigated, HYV and TRADitional Varieties,

in each semester, 1969-70

3 Irrioated
f 1st Semescter : 2nd Semester
Pascs per | - .
hect're : HYV : TRAD . YV . TRAD .
. - - - . HYV less - . LYV less
Yield : :Olr;piz Yi?ld zfmpiz A Ylcid l.\:l)l(_ vield ‘?“piz T
; Kes. Kes. - - - - Kese - - - Kes Res.
0 ...% 2055 130 1954 121 + 71 2165 138 1901 89 +264
15 ..., 2587 27 1998 14 +589 1866 19 1958 5 -
16-75 ...% 2336 " 29 1905 23 +431 1962 23 1584 11 +378
26-73 ..;i 2710 30 18173 15 +897 2306 17 2477 9 ~171
36-45 ...0 2446 18 1989 25 +457 2160 14 1967 4 +193
Go-" .aen 2014 18 2191 19 +423 2596 21 1786 6 +810
SG-hy ...t 2737 25 2407 7 +330 2046 13 2116 4 - 70
G-l 2an 17 2231 10 +180 2636 15 2116 5 +520
76-5 L.t 2407 11 2398 9 + 9 2592 15 1
86-15 ... f 2939 il -1980 7 4959 3089 9 2
96-105 ...t 2724 8 1 1663 - 4 2587 4 ~924
106-115 ...0 3291 4 3181 3 2825 5 0
116+ CL 3351 23 2917 10 +634 3049 25 2451 4" 598
o. 107 p. 106-7 8-23-73, p. 79
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Table &4.,--Philippires, Tortiliser="isld Tatulation, DNice 1969-70

1 o e q - T e ! - e -
YV and Tralisional Vnrictids

Roinfeod Lowiland, T:z Stoesiar
fValue o e ¢ Vield : : Differcnce
ertilicer cmye . ey ey e e
o L, : Y : TRAD : HYV-TR'D
pesos/hiectars | HIV THAD :
- - = Hus, - - -

0 veureiereannr 181 221 1602 1478 124
w15 eieernaann 8 37 2050 1483 567
16-25 +eurneenin: 13 65 1980 1654 326
26-35 ...n... ceel 18 39 1883 1562 321
36-45 1 orns s B 27 2354 1439
56-55 +ervneeneas 16 25 1791 1879 83

56-65 urennn et 19 20 2160 2655 105

1 1993 2754

116+ coenvneen o3 15 2279 2121 158

USCTS ceevrnoaast 118
2 of users .s.oe.at 467 547,
ded. of users ..: 5.0 3.
Mecan of users ..:




Table 5 .--Effect cof Nitrogen on HYV rice yield in farmers' fields in Laguna

(IRRI conducted experiments)
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Table 6.--Fertilizer-Rice Yield Curves Shown in Figure 14

Formula: Yield, palay kgs./ha. = Constant + Xp (kg. N/ha.) + (XF)Z

Formula + Season ¢ Constant ¢ XF(Fertilizer) XFz
Kgs./Ha.

Trials in Farmers Fiolii:

All YV - 5 yr. avg. ..°  Dry 4935.6 43.053 -.1429

A1l HYV - 4 yr. avg. .. Vet 4399.1 35.964 ~.3416

IR-8 -5 yr. avg. ..° Dry 5380.8 45.916 -.1132

1R-8 - 4 yr. avg. ..° lWet 4456.1 43.684 -.3944
URDP=HYV +'vrvnens e . Av. Both 4638 32.355 -.125
IRRI-Ava. HYV (1966-71) f Dry 4567 41.85 -.1771
IRRI-Ava. WYV (1966-71) : Wet 4091 31.53 ~.2321
TAS-TIrricated )

HYV = '69-"70 .vvevnant Dry 2041.4 11.188 -.0419 alternn:.
WYV - '69-"'70 .oveeanaat Dry 1806.3 20.78 -.0497 curves
HYV - "69-"'70 ..vuenn .l Vet 2095 18,112 -.0858
Non-HYV - '69-'70 .....: Vet 1922.5 11.5 None

HYV = '71-'72 ..vivevent Vet 1691 31.58 -.2329







Table 8.--Cowparison of averace-vield with hig - and lcw-vield
' farms, irricated, et season, crep year 1959-70
Traditicnal
Lower f Upper
glrincile © quintile ; A1l
205 : 205, :
Region ...vveveviniinnaennnen, ; Ilocos has more
TeNUrE ieeeinerecsanrannnss ; Same as HYV
Harvest Month ...............; November December December
Farms Using: :
FErtilizer vvvveeveeevneens ©38% 64% 597
Chemicals tiveiennenronnnns : 26% 65% 432
Adequate Irrigation ......... f 419 78% 59%
System Qwrership :
GOVErNMENT vvvevenvnaneroast 14% 43% 35%
Comnunal .vvvernnrnennaanst 45% 29% - 36%
Private v.vveiiveeerncanennt 179 16% - 18%
Don't KnovW veevreriinnnnnnss 245 13% 11%
Means : '
Fertilizer valug ......oever 12.2 38.6 33
(Pesos/Ha.) .
. Chemical value ....evveveeat 1.5 3.7 3.3
(Pesos/Ha.) :
Production (Kgs.) ......... ; 1672 5883 3881
Harvested Area (Ha.) ......: 2.05 1.80 1.98
Size Farm (Ha.) vevevvvnnans 3.2 2.45 2.61

Yield (Kgs./Ha.) vovuvnen.. : 814 3388 2006
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Figure |/Z.--Variability in yield response of IR8 and
IR20 to nitrogen by year. IRRI, 1966-72 wet seasons
and 1969-72 dry seasons
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Appendix Table 1.--HYV Yield Advantage Calculations

Area Harvested : Yiold

per hoctare Yield Advantage
2 — - [

Other . : ©OHYY less 0 HYV over
C varieties © HYV © Other 0 other : oLhor
. . : ©ovarieties T varieties

Year :  Crop type : A1l :  HYV i HYV

: 1,000 hectares Percent t;&g?gg_ ------ Kgs. - - - - - Percent
1968 ¢ Trrigated 1,309 4451 34.0 8H3.9 1976 1610 366 22.7

* Rainfed Lowland 1,514 256.4 16.9 1,253 1224 1241 53 4.3
1969 * Irriqgated 1,483 912.8 61.C 570.0 1778 1619 159 8.8

* Rainfed Lowland 1,407 438.9 31.2 967.9 1126 1021 3 3.2
1670 © Irrigated 1,346 826.6 61.4 519.2 2156 1888 268 14.2

P Dainted lowland 1,356 527.4 38.¢9 323.3 1487 1527 .. -40 - =2.6
1971 + irrigated 1,471 385.0" 67.0 55.5 2024 1932 92 4.8

P ainfed Lowland 1,277 580.4 45.4 657.0 1675 158 35 2.2
1972 ' irricated 1,332 977.1 73.4 354.9 2055 1725 330 19.1

* Rainfed Lowland 1,584 849.7 54.9 98.5 1443 1351 92 6.8

* Irrigated Average 14.1

. Rainfed Lowland Average . _ 2.8
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Appendix Table 2.--Calculitions of Productinn Gain From HYY

; : f visld DoProduction |
Year | Crop iype [ WYV ara2 [ COF gain ¢ Total
. . . SLRRE . o Ty gy e
1 rey
1,020 " 1,000 1,000
hoctares SR T, M. T,
1968 * Irricated 5.1 3€5 162.5
' Rainfed 2864 53 13.5
701.5 251 176.1 4563
1969 f Iwr|"1ufi a12.8 158 144.6
* Rainfed 4235.9 53 23.2
. 1,352 123 167.8 1344
1970 © Irrigated 826.6 263 221.3
* Rainfed 527.4 =49 20.9
. 1,354 150 201.0 5232
1971 * Irrigated 225.0 92 91.9
: Rainfed 580.4 35 20.4
1,565 70 111.5 5342
1972 f Irrigated 977.1 330 322.4
* Rainfed 849.7 92 78.5
. 1,827 220 400.9 5100

- Average




Appendix Table 3.--Alternalive HYV Yield Advantage Calculations

i
HYV f f Based on HYV crop type f Alternative calculation bas2d or
i ) i proportions X actual averages
Year : : : : HYV T = Sy s 1 Az
: : : : gain : Other varieties : Yield gain : Other varietics : E;fﬂﬁgﬁlﬂ ?éiii;
: Production ¢ Area : Yield : : vield : YV over : yield actual : :Lﬁ:r'iz;ii{:;:‘
: all towland E ocher varieties : all Towlond Tewland
100 1,000 e o , rcant
0T heetares " Kgs. Percent - Kgs. Fereent
1968 1 1212 701.5 1729 251 1478 17.0 1390 24.4
1969 © 2118 1,352 1566 123 1443 8.5 1285 21.9
197C © 2566 1,354 1896 150 1746 8.6 1668 - 13.7
1971 f 2030 . 1,565 1958 70 1888 3.7 1725 : 13.5
1972 E 3232 1,827 1769 220 1549 14.2 1465 20.7

Avg. . 10.4 18.8






