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ABSTRACT

The study area, Camarines Sur, in the Bicol region
of the Philippines, has low rice yields (less than
2 t/ha). Farms arc small by Philippine standards.
Although farmers grow modern varieties, cash in-
puts are low —-- an average of less than 20 kg to-
tal nutrients/crop. Wnether or not It was profit-
able to use higher input levels in these rainfed
environments was explored using constraints exper-—
iments. Yields could be increased more than 1 t/ha
by using higher levels of fertilizev and pest man-
agement. However, it was usually not prufitable to
increase input levels to gain production. An anal-
ysis of the combined experiments siowed site-
related characteristics, particularly the inci-
dence of moisture stress and soil CEC, were impor-
tant decerminants of rice yield, over and above
the farmer's management of his crop.
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factors provides an opportunity to relate the
variability between 1individual sites to managed
and site-determined factors. Production functions
in the followlng varfables were cstimated:

Yt =f (N, I, W, CEC, SD, N.SD, SH, VD) (1)
where

Y is yield, in kg/ha;

N is nitrogen input, in kg/ha;

1 is expenditure on insecticides, in #/ha;

W is investment in herbicides, in #/ha;

CEC 1s cation exchange capacity, in meq/100 g;

SD is moisture stress days during crop growth;

N+SD is an interaction term between nitrogen
and stress;

SH is the average number of bLours of sunshine,
per day, in the 45-day periad belore
crop maturity; and

VD is a varietv dummy to ullo. .or the 5 sites
where short-season "Speed 70" (IR747) was
planted by farmers as opposed to IR36.

Ordinary least squares estimates of three regres-
sions models are reported in Table 30. They differ
with respect to the stress variable and the
N.stress interactior terms Included. In Model 1
the incidence of moisture stress was defined by
two parameters: number of stress days before flow-
ering (stress-early) and number of stress days be-
tween flowering and physfologlcal maturity of the
crop (stress-late). Becanse these stress parame-
ters had similar coefricients, a pooled stress
variable was estimated in Model 2. The interaction
term between nitrogen and the pooled stress varia-
ble was not significant. Model 3, which is uscd
for subsequent discussion, was ecstimated without
this interaction term.

No significant interactions were observed between
applied nitrogen and other variables reported in
Model 3, or in other preliminary analysis. These
terms act as vertical shifters rather than change
the slope of the nitrogen response function. The
rice crop shoved llttle response to applied nitro-
gen. Maximum yield was estimated to occur at 57 kg
N/ha which is low for modern rice varfeties by
most standards (Fig. 8).

Estimated yleld increase per peso  invested In
insecticlide was 0.9 kg of rice. When harvester's
shares are deducted, the estimated net benefit to
an owner was 0.8 kg, or a B-C ratlo of about 0.8
(given 1980 prices) which agrees favora''y with
the incremental B-C ratios calculated in Tanle 27.
In short, it is questionable whether present In-
sect control methods used by farmers or research-
ers are cost effective. Gross return per peso in-
vested in herbiclde was 1.4 kg. Net return (after
harvester's shares) was 1.3 kg, which again is the
same order of magnitude as t : owner-operator
benefits calculated in Table 26.

The CEC of cach site and percentage of clay were
the two soll characteristics most highly associ-
ated with between-site yleld differences. These
two factors were not included in the same analysis
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Table 29. 1Incremental benefit cost (B-C) ratios of
researcher's technology over farmer.s prices likely
to prevail in 1981, rainfed rice constraints experi-
ment, Bicol, 1980-81.

Fertil- In- Pncka
izer  sects Weeds age—

Rice valued at NFA price of #1,550/t

Value of net yield (R/ha)

Owner 844 465 186 1628

Tenant 589 310 124 1085
Incremental cost 650 385 85 1120
Incremental B-C ratio

Owner 1.36 1.21 2.19 1.45

Tenant .91 .81 1.46 .97

Pice valued at 70% of NFA price, P1,085/t

Value of net yield (B/ha)

Owner 618 326 130 1139

Tenant 412 217 87 760
Incremental cost 650 385 85 1120
Incremental B-C ratio

Owner .95 .85 1.53 1.02

Tenant .63 .56 1.02 .68
a/

='Difference between treatments with all best factors
at the researcher's level and all best factors at the
farmer's level., — Assuming that fertilizer costs in-
crease by 25%, with no change in the csot of insecti-
cides or herbicides. US8 = #7.50.

Table 30, Least squares regression estimates of
response function fitted to rainfed rice yield con-
straints experiments, Bicol, Philippines, 1980-81.a/

£ N\ £ 3 . 1n—

variable Mo?n] Aogcl MO;L] y?rﬁén
Constant 1105.71 1049,80 992.29
Nitrogeno(kg/ha) 22.07 22,13 24,69 14
Nitrogen™ (kg/ha) - .24 - .22 - .21 .01
Inscecticide (B/ha) .93 .94 .94 .04
Herbicide (®/ha) 1.42 1.44 1.44 .01
CEC (mcq/ha) 13.02 13.10 12.80 .12
Stress-early (days) =47 .53 - -

~late (days) -41.60 - -
-pooled (days) - o= 441 -41.23 .13

N x S-early (N. day) 2308 - -
N x S-late (N.day) .03 - -
N x S-pooled (N.day) - .12nS -
Sunshine hours per day 5.89 6.01 5.98 .07
Vﬂricly dummy (0,1) -414.37 -410.97 -413.66 .04
R .56 .56 .56
s .54 .54 .54
F ratio 30.67 32.40 36.43
Standard crror of Y 587.27 585.27 584.77

(kg /ha)

ﬂ/A dash (=) means that the variable is nct included
in that model. All coefficients, other than those
marked ns (not significant), are significantly differ-
ent at the 57 level or better. US81 = 87,50,
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because of their higher intercorrelation (r = 0.86).
CEC, the cheaper variable to estimate in 1RRI's
Analytical Services Laboratory, was retained in the
analysis and used i1 subsequent work.
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Fig. 8. Response of rainfed rice in Camarines Sur,
Bicol, Philippines, to applied nitrogen. Source:
Table 30 response function model. All inputs (other
than fertilizer N) were held at their mean levels.

Using the range of stress davs recorded (mean of
24, with a high of 46), each day of moisture
stress was calculated to retuce ylelds by 41
kg/ha. Sites with more smnshine hours -- which was
used as a proxy for irradiation -- during crop
maturity had higher yields. The varfcety dummy
fmplies that the yield of the earller-maturing
IR747 (an unrelecased cross of TKMO6 and TKM6/TNIL,
widely grown in the Philippines) averaged 414
kg/ha lower than later-maturing IR36.

Although all variables In Model 3 are significant
at 5% probahility, partial regression coefficients
do not provide an opportunity to Interpret the re
lative importance of each -ariable when accounting
for yield differences in and between sites. The
marginal 22, the right hand column of Table 30,
provides such an estimate. The marginal R? for
the linecar term in N (0.14) shows that N describes
25%2 of the explained varfability. Stress Index
(marginal R2 of 0.13) explains a further 23% of
the variability in the unadjusted R2. The CEC is
the third most fmportant variable (21%) explalning
yield differences.  Witropen inputs, CEC, and field
moisture status, therefore, were important determi-
nants of within-site and betwecen-site rlce yield
variability at the Bicol site.

Contributions of managed factors to high rice
ylelds

Production functions reported in Table 30 provide
an alternative means of estimating how the three
managed factors contributed to the difference be-
tween farmer's and resecarcher's ylelds (yield
gap). The evaluation is based on the concept of
the differential: total yield diffevence equals
the sum of yleld changes due to variables in the
regression model (Mandac and Herdt 1979).

Mathematicaily, the difterential, dyY, is:

oY gy Y
dY = - dX) + . . . =— dX. . ., - S
ax, M ;N X, “n
where
Y . . . . .
T is the partial derivative of the produc-
i tion function with respect to input X,,
and !
dX. is the difference in input level X

between the farmer and the researcher.

Calculations for this analysis are reported 1in
Table 31. The results resemble the yield gap anal-
ysls and factor contributions estimated direcctly
from the constraints experiments and reported in
Table 25. That is, fertilizer contributed more
than 50% to the yleld gap, insect control about
30%, and weed control about 10%.

Table 31. Accounting of vicld differences between
farmer's and rescarcher's vields via a production
function approach, rainfed constraints experiment,
Bicol, 1980-81.

Variable 3yﬂ/ b/ Contribution

T dX,; = _of factor _

1 t/hac/ %

N (24.69-.42N) 45 .68 57
L .94 185 .36 31
W 1.44 85 .12 11
Residual .02 1
Yield gap— 1.18 100

Q/Fro Model 3, Table 30; N in the first row equals
45, = Difforcncec'n N level is 45 kg/ha, for 1 and
W sce Table 26, *'Con'yibuLion is calculated as
column 2 % column 3. vield gap estimated from
Table 25.

CONCLUSIONS

Shallow rainfed rice ylelds in Camarines Sur are
low -- about 2.4 t/ha for the first crop and 1.6
t/ha for the second crop. We Interpret these low
yields to result from low soll fertility, low
farmer loput, and, for the second crop at least,



A set of constraints
showed yields could be

moisture stress incidence.
experiments (second crop)

increased 1 + or more if farmers used more ferti-
lizer and insect and weed control. However, a
budget analysis of the high-yiclding technology

showed it is probably not
to increase input use on their second rice crop,
given present knowledge. The analysis supports
Schultz's hypothesis and Lipton's argument of poor

profitable for farmers

but tolerably efficient farmers. By implication,
the cultural practices and low fnput levels now
used bty farmmers in Bicol are probably the best,
glven existing rice technology and prevailing
economic, weather, and soil conditions 1in the
area.

The resecarcher's technology was not profitable

given current farm prices and yield gains. Tech-
nology could be more economically attractive to
farmers 1f rice prices were raised and input

prices lowered. Increased government price support
for rice and subsidized fertillzer scems unlikely.
In the long run, investing in resecarch and infra-
structurafl development to purposefully generate
more productive and cost-efficient technology for
farmers is a more cefficient way of increasing rice
supplies and farmer's income (Evenson and Flores
1978). The Agronomy Department has started re-
search in the area to generate high-yielding tech-—
nology that is attuned to farmer circumstances in
the repion.
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