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ABSTRACT 

Modem rice technology and more irrigation are expected to change rice farming 
systems and increase production. This paper discusses changes in farmer use and 
management of inputs, adoption of improved technology, and varying grain
yields in Nueva Ecija, Laguna, and Camarines Sur provinces of the Philippines
from 1974 to 1992. Those changes are compared with predetermined high input
levels chosen to estimate potential farm yields. 

Farmers applied more fertilizer N i dry season (DS) and application rate 
generally increased over time. Foliar insecticides were more commonly used than 
granular formulations. 

Farmers' yields in the study areas rose as fertilizer use increased. From 1974 
to 1980, the yield gap in Laguna decreased from 2.6 to 0.6 t/ha in DS and from 
2.0 t/ha to zero in wet season (WS). 

In Nueva Ecija and Camarines Sur, the contribution of high fertilizer levels to 
DS and WS yield gaps incr'mased with time. Fertilizer contribution in Laguna de
creased in DS. In WS it increased from 1974 to 1977, then decreased. 

Results indicate that farmers increased grain yields by adopting and improv
ing farm-level technology. 

1 By W. P. Abilay, Jr., senior research assistant, F. V. Garcia, senior research assist.int, J. M.
Alcantara, research assistant, and S. K. De Datta, agronomist and head, Agronomy Depart
ment, International Rice Research Institute, Los Bahos, Laguna, Phili pines. 



CHANGES IN INPUT USE AND GRAIN YIELDS IN LOWLAND RICE
 
FARMS IN THREE PHILIPPINE PROVINCES
 

Modem rice technology and better irrigation have increased 
rice yields and production in the Philippines and other 
Asian countries. In 1966, when IR8 and other improved 
technologies were introduced, average yield in tie Philip. 
pines was 1.3 t/ha. It was 2.3 t/ha in 1981. However, that 
increase does not reflect the yield potential researchers 
achieved with the same technology in fanner fields, result-
ing in a yield gap. De Datta et al (1979) wrote that in 
Nueva Ecija, the yield gap was 2.0 t/ha in DS and 1.0 t/ha 
in WS. A very large yield gap is, however, subject to scru-
tiny. In general, farmers try to maximize profits instead of 
yield. 

In any country, some farmers hesitate to shift to modem 
rice farming techniques, but others rapidly adopt technol. 
ogical advances. Famers in two irrigated villages in Nueva 
Ecija began accepting modem varicties (MVs) sooner than 
farmers in a nearby rainfed village (IRRI 1975), but within 
4 yr farmers had adopted then. In Leyte and Cotabato, 
rapid adoption of MVs was accompanied by sharply rising 
insecticide and herbicioe use. However, fertilizer applica-
tion rate and yields remained low. I-luke et al (1982) re-
ported that in one village in Tarlac Province, adoption of 
modem rice farming techniques was rapid and produced 
striking economic char ,es. Morooka et al (1979) reported 
that after land refoni and technological changes, some 
Camarines Sur farners began to change their production 
system ,'!'om aliwalas (a traditional system where rice is 
transplanted and harvested with very little during-crop 
cultivation) to intensive year-round rice farming. 

This paper summarizes data from farm-level constraints 
research conducted by IRRI Agronomy, Agricultural 
Economics, Statistics, and Irrigation and Water Manage-
inent Departments from 1974 to 1982 in Nueva Ecija, 
Laguna, and Camarines Sur. We sought to examine changes 
in fanner use and management of inputs, recor'l the extent 
of adoption of modem rice technology and quantify its 
et ict on rice yields, and determine if adoption of modern 
rice technology has narrowed the yield gap in fanner fields. 

PROCIDURE 

The concepts and approaches in the identification and 
quantification of tie major yield constraints at the farm 
level were discussed by Gomez 1977, De Datta et al 1979, 
Gomez et al 1979, and De Datta 1981. 

We used three sets of treatments in complete factorial, 
minifactorial, and suppkimental trials to quantify yield gap. 
Complete factorial trials consisted of treatments equal to 
2n , where n is the number of test factors. Minifactorial 
trials consisted of treatments equal to two more than the 
number of factors being tested: one treatment with all 
factors at high level, one with all factors at farmer level, and 
others with each having all-but-one factor at dte high level. 
Supplemental trials had a minimum of one plot with all 
factors at high level. Farmer yields were measured by crop
cutting. 

Test factors were fertilizer, and insect and weed control. 
The two levels of each factor were tested in factorial corn
binations. The high level of each factor was established 
before the experiment began. The farmer level was deter
mined by observing actual farmer operations throughout 
the growing season. This is the comparable paddy tech
nique. All management and cultural practices but the test 
factors were standard fanner practice. Farmer input levels 
and practices were recorded and carefully simulated. 

The experiments were in farmer fields, and a researcher 
lived in each study area to carefully monitor cultural practi
cos and farm conditions. 

The farmer selection procedure placed farmers in low, 
medium, and high yielding groups, based on data collected 
in the preliminary survey. An equal number of farmers was 
selected from each group. 

To obtain a study area with uniform agroclimatic condi
tions and a manageable number of test sites, a small area 
and few sites were chosen. These sites, therefore, may not 
adequately represent the diverse farming conditions in the 
test provinces. 

The discussion of results emphasizes changes in farmer 
input levels and yields from 1974 to 1982 rather than the 
predetermined high levels chosen to estimate potential farm 
yields. 

NUEVA ECIJA PROVINCE 

Data on changes in input use and varieties in Nueva Ecija 
Province for 1974-80 follow. 

Changes in input use 
Fertilizer.Average farmer rate of N application varied from 
76 to 118 kg/ha during DS and from 37 to 82 kg/ha in WS 
(Fig. I). P application from 1974 to 1980 ranged from 32 
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1.Farmer INfertilizer level in Nueva Ecija, Philippines, 1974-81. 
Figures inparentheses iLdicate number of testsites. 

13 to 46 kg/ha in WS (Fig. 2). 
Dry season K application increased from 0 in 1975 to 29 
kg/ha in 1981. In WS, itrose from 0 in 1974 to 18 kg/ha 
in 1980 (Fig. 3). 

Insect controi. In DS, foliar insecticide applications on 
the fanner level increased until 1978 and then decreased, 
averaging two sprays, which was similar to the high level 
(Table 1). Average granular insecticide application was 
lower than the high level. During WS, the average number 
of foliar sprays and granular applicatiops was 1.6 and 0.7, 
both less than the high level. More farmers used foliar than 
granular insecticides (Table 2). 

Weed control. Farmers used chemical and mechanical 
weed control, but the number of applications for both 
averaged less than one per season (Table 3). Hand weeding 
was the most common mechanical method and 2,4-D was 
the most common herbicide (Table 4). 

to 52 kg/ha in DS and froth, 
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2. Farmer P fertilizer level in Nueva Ecija, Philippines, 1974-81. 
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3.Farmer K fertilizer
level in Nueva Ecija, Philippines, 1974-81. 

Vriety. Until 1975, Nueva Ecija farmers used medium. 
duration varieties such as IR20 and IR26 (Table 5). When 
they became susceptible to insects and diseases, farmers 
adopted newer, more pest-resistant varieties. 

Adoption of new varieties in Central Luzon was rapid. 
In 1966, only traditional varieties were grown (Cordova et 
al 1981). In 1970, about 78% of the total area was planted 
to MVs and of that 51% was planted to IR5. in 1974, about 
79% of the total area was devoted to MVs and IR20 was the 
dominant MV. By 1979, more than 95% of the total rice 

Table 1.Farmer and high levels ofinsect control in Nueva Ecija, Philippines, 1974-81. 

Insect control 

Level Method 1974 

Farmer Foliar -
Granular -

Iligh Foliar -
Granular -

Farmer Foliar 1.1 
Granular 0.4 

Iligh Foliar 5.0 
Granula 3.0 

Applications kno.) 

1975 1976 1977 1978 1979 1980 1981 Av 

1.0 
1.0 

3.0 

2.0 

1.6 
0.4 

1.0 

4.0 

1.9 
0.6 

1.0 

4.0 

DS 
3.2 
0.5 

2.5 

4.0 

2.1 
1.2 

1.8 

3.0 

1.5 
0.5 

3.0 

4.0 

1.7 
0.5 

2.3 

2.0 

1.7 
0.7 

2.1 

3.3 

0.9 
0.4 
3.0 
2.0 

1.9 
0.4 
1.0 
3.0 

2.3 
0.7 
2.3 
3.0 

I'vS 
1.4 
0.4 
2.4 
3.0 

1.1 
0.4 
2.0 
3.0 

2.5 
2.0 
5.5 
4.0 

-
-

-
-

1.6 
0.7 
3.0 
3.0 
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Table 2. Insecticides commonly used by farmers in Nueva Ecija, area was planted to MVs, with 1IR36 dominating. Herdt and 
Philippines, 1974-81. Capule (1983) reported that in the Philippines, MVs were 

Foliar Granular planted on 89% of irrigated riceland and 777 of the rainfed
Year Sitesa ____________ ___________ 	 lowland rice area in 1979-80. 

(no.) Most common Users Most conmon Users 

(no.) 	 ',no.) Changes in grain yields 

Yield increases resulted from the adoption of MVs and as
1974 10 MIPC 4 Gamnia-BlIC 3 sociated technology, and increased year-around irrigation.
1975 14 MIPC 3 Ganima-BtlC 2Diazinon 2 DS yields with farmer inputs increased from 4.3 t/ha in 

Gamma-311C + 2 1975 to 6.3 t/ha in 1981 and WS yields increased from 1.8 
MIPC t/ha in 1974 to 6.1 t/ha in 1980 (Fig. 4).1976 18 l-ndrin 4 Carbofuran 3 

Gamma-B"IC + 3 
carbaryl Changes in yield gap 

1977 65 Chlorpyrifos + 31 Carbofuran 21 Yield gap varied more and was higher in DS than in WS. DS 
BMPC	 

6 yield gap was 2.5 t/ha widt 76 kg N/ha in 1976 and 2.6 t/ha1978 24 Chlorpy-ifos + 10 Carbofuran 
BMPC with 85 kg N/ha in 1980 (Pig. 5). In WS, yield gap varied 

1979 23 Monocrotophos 9 Carbofuran 7 from 0.5 to 1.6 t/ha. 
1980 4 Mcnocrotophos 3 Diazinon 2
1981 6 Monocrotophos 3 Carbofuran 1 
1981 6_______________3____________I Changes in contribution to yield gap 

a no.n of sites for DS and WS where experiments were conduc- The greater contribution of fertilizer to yield gap 

ted. in DS, despite increased N application (Fig. 6), shows that 
aTotal shFertilizer. 

Table 3. Farmer and high levels of weed control in Nueva Ecija, Philippines, 1974-82. 

Weed control 	 Applications (no.) 

Level Method 1974 1975 1976 1977 1978 1979 1980 19&1 Av 

DS 
Farmer 	 Chemical - 0.3 0.4 0.5 0.8 0.7 0.5 1.0 0.6 

Mechanical - 0.7 0.9 0.8 0.8 0.3 0 0 0.5 

High 	 Chemical - 1.0 1.0 1.0 1.0 1.0 1.C 1.0 1.0 
Mechanical - 0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 

IVS
 

Farmer Chemical 0.3 0.4 0.3 0.4 0.4 0.2 1.0 - 0.4 
Mechanical 0.4 0.3 0.2 0.4 0.1 0.2 0 - 0.2 

High Chemical 1.0 1.0 1.0 1.0 1.0 1.0 1.0 - 1.0 
Mechanic.d 1.0 0 1.0 1.0 1.0 1.0 1.0 - 0.9 

Table 4. ilerbicides and mechanical weeding commonly used by Table 5. Most common varieties used by the farmers in Nueva Ecija, 
farmers in Nueva Ecija, Philippines, 1974-81. Philippines, 1974-81. 

Most common varietyYear Sites' Chemical Mechanical 
c(no.) Most commonb Users Most common Users Year 

)S 	 WS(no.) 	 (no.) 

1974 10 MCPA 3 11W 3 1974 -IR20
 
1975 14 MCPA 2 11W 4
 

2,4-D L 2 1975 IR26 1R26
 
1976 18 2,41) G 3 IIW 10 1976 IR30 IR30
 

MCPA 3
 
1977 65 2,4-4) G 12 1\W 36 1977 IR36 IR36
 
1978 24 2,4-I) G 6 11W 10 1978 11136 IR36
 
1979 23 Butachlor L 8 IIW 5 1979 1R36 lIZ42
 
1980 4 Butachlor L 3
 
1981 6 2,4-I) G 3 1980 1R1561 (breeding line) IR42
 

aTotal for )S and WS where experiments were conduLted. bL - 1981 IR36 and IR54 

liquid, G = granular. CHW = hind weeding. 
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Grain yield (t/ha) farmers' method and timing of N application were less effi
8 cient than those of the researchers. Garcia et al (1983) re

ported that in Nueva Ecija, farmers' timing of N application(6) 
6 was inferior to researchers' timing in 15 of 17 DS trials. 

(13) (2) Fertilizer contribution to the WS yield gap tended to de-
L (9) (8crease. In 1974, fertilizer did not affect yield gap despite

4 - . ,)low farmer application rate because typhoons caused severe 

S (37) "lodging in the high-fertilizer plots. 
2 (9) 0o-- DS Insect control. In both WS and DS, the effect of high 

" a WS control to yield gap decreased (Fig. 7). Insect controlwinsect 
10o) contribution can further be substantially reduced if effec

tive and inexpensive insecticides are available. Abilay 
1974 '75 '76 '77 '78 '79 '80 '81 (1978) reported that in Nueva Ecija, high levels of insect 

4, Variations in grain yields obtained with farmer inputs in Nueva control added more to production cost than to value of 
Ecija, Philippines, 1974-81. Figures in parentheses indicate numb., yield in three seasons. 
of sites. Weed control. The contribution of weed control to yield 

gap also decreased during the study (Fig. 8). 

Yield gap (t/ha) 
28 LAGUNA PROVINCE[ ODS Data on inputs and grain yields for Laguna farmers for 

24- 1974-77 were collected by the IRRI Statistics Department 

20 Contribution to yield gap (M) 

80

16

60

12i 

08 40 - \ 

20 

04 - WS 

1974 '75 '76 '77 '78 '79 'so '81 1974 '75 '76 '77 78 79 

5. Variations in yield gap between farmer and high input levels in 7. Variations in contribution of high inse:t control level to the yield
Nueva Ecija, Philippines, 1974-8 1. gap in Nueva Ecija, Philippines, 1974-79. 

Contribution to yield gap M/) Contribution to yield gap (M) 
80 80 

6- 0- WS i60-

40- 40 

204 202 

1974 75 76 '77 '78 '79 1974 '75 

6. Variations in contribution of high fertilizer level to the yield gap 8. Variations in contribution or high weed control level to the yield
in Nueva Ecija, Philippines, 1974-79. gap in Nueva Ecija, Philippines, 1974-79. 
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(RRI 1975, 1976, 1977, 1978). Some of the published Papplied (kg/ha) 
data were used in the following analyses. 60 

Changes in input use 	 40. 

Fertilizer. In DS, applied N fertilizer ranged from 54 kg/ha 
in 1974 to 118 kg/ha in 1980 (Fig. 9). In 1979, little N was 
applied because farmers lacked capital. N applica..on in WS 20 

increased over time. Phosphorus application varied from 5 
to 23 kg/ha in DS and 0 to II kg/ha in WS (Fig. 10), and 
potassium application ranged from 0 to 23 kg/ha in DS and 0. . . , 
0 to 18 kg/ha in WS (Fig. 11). 	 1974 75 76 77 'i8 79 s8 81 

Insect control. Foliar insecticides were more popular 10. Farmer P application level in Laguna, Philippines, 1974-81. 
than granular insecticides. In both seasons, foliar insecticide 
applications averaged two sprays and granular insecticide 
application was negligible (Table 6). The most common in- K applied (kg/ha) 

are in Table 7. 80 
secticides used by Laguna farmers 

Weed control. Farmers used mechanical weed control 
more than chemical weed control. In both seasons, mecha- 40 _0 wS 
nical weeding was done twice, but chemical weed control ....... 

20-


N applied (kg/ha) 
120(2 

0 1 (
1974 '75 '76 '77 78 '79 '80 81 

100- (12) 11. Farmer K application level in Laguna, Philippines, 1974-81. 
(3) 

80- (20) ('41 W (2 	 (4) averaged less than one application (Table 8). Hand weeding 

(1 (2) was the most common weeding technique, except in 1976

60 78, when rotary weeding predominated (Table 9). From 
1974 to 1980, liquid 2,4-D was the most common herbicide. 
In 1981 butachlor was the most commonly used. 

40- Variety. Farmers planted an IR1561 line in 1974 because 
it had high yield potentiA and short growth duration. In 

0---.- DSs later years, they planted several other MVs irrespective of 
growth duration (Table 10). 

o 	 1_ 1 V_ I I I I I Chartges in grain yield 
1974 75 '76 '77 '78 '79 '80 '81 DS yields increased from 4.2 t/ha in 1974 -to 6.3 t/ha in 

9. Farmer N fertilizer level in Laguna, Philippines, 1974-81. Figures 198 1, and WS grain yields increased from 3.2 t/ha in 1974 
in parentheses indicate number of test sites. to 5.4 t/ha in 1980 (Fig. 12). 

Table 6. Farmer and high levels of inrect control in Laguna, Philippines, 1974-82. 

Insect con irol 	 Applications (no.) 

Level Method 1974 1975 1976 1977 1978 1979 1980 1981 Av 

DS 
Faner Foliar 2.0 2.3 3.5 1.4 - 1.0 2.5 1.5 2.0 

Granular 0 0.2 0.1 0.3 - 0 0 0 0.1 
High Foliar 12 3.0 2.0 4.8 - 1.0 3.0 2.0 4.0 

Granular 0 2.0 5.1 4.4 - 3.0 4.0 3.0 3.1 

I'S 
Farmer Foliar 1.2 2.3 3.3 1.5 1.9 2.3 2.0 0 2.1 

Granular 0 0.4 0.4 0.7 0.5 0.7 0 - 0.4 
IHigh Foliar 7.0 3.0 2.1 1.9 1.0 1.0 3.0 - 2.7 

Granular 0 20 4.9 4.9 3.0 3.0 4.0 - 3.1 
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12. Variations in grain yields obtained with farmer inputs in Laguna, 

Table 7. Insecticides Lnommonly 
pines, 1974-81. 

used by farmers in Laguna, Philip- Grain yield (t/ha) 
8 

Year Sitesa Foliar Granular 
(no.) Most cotmtmon Users Most common Users (2) (4) 

(no.) (no.) 6 

1974 
1975 

16 
29 

MIPC 
MIPC 

8 
10 

Carbofuran 
Carbofuran 

2 
3 (6 (9) (1) 

6) 
(2 ) 

1976 26 Chl,:,pyrifos + 16 Carbofuran 5 4- (6) 

1977 38 Chlorpyrifos + 22 Carbofuran 

13PMC 
1978 2 Monocrotophos 2 Carbofuran 2 22) - -
1979 6 Chlorpyrifos + 2 Gamma-BHIC + MIPC 1 0  0 wS 

1980 4 
I(PMC 

Chlorpyrifos + 2 0 I I I I I I 
I?MC 

1981 4 MIIPC 1974 75 76 '77 78 79 '80 '81 
aTotal no. of site" for DS and WS where experiments were conduc-
ted. 	 Philippines, 1974-81. Figures in parentheses indicate number of sites. 

Table 8. Farmer and high levels of weed control in Laguna, Philippines, 1974-81. 

Weed control 	 Applications (no.) 

Level Method 1974 1975 1976 1977 1978 1979 1980 1981 Av 

DS 
Farmer 	 Chemical 0 L' 0.1 0.2 - 0.6 - - 0.3 

Mechanical 1.0 1.0 3.2 2.4 	 1.7 - - 2.1 
High Chemical 0 1.0 1.0 1.0 - 1.0 1.0 1.0 0.9 

Mechanical 4.0 0 2.6 1.3 - 1.0 1.0 1.0 1.6 

IvS 
Farmer 	 Chemical 0.8 0.3 0.8 0.4 0.2 0.8 - - 0.6 

Mechanical 1.2 2.4 2.3 2.5 2.5 2.0 - - 2.2 
tHigh 	 Chemical 1.0 1.0 0.9 1.0 1.0 1.0 1.0 - 1.0 

Mechanical 1.5 0 2.3 1.7 1.0 1.0 1.0 - 1.2 

Table 9. ilerbicdes and mechanical weeding commonly used by Yield gap It/ha) 
farmers in Laguna, Philippines, 1974-8 1. 28 
Year Sitesa Chemical Mechanical 

(no.) Most commonb Users Most commonc Users 

(no0.) 	 (no.) 24 

1974 16 2,4-1) L 1 11W 14 
1975 29 2,4-1) L 4 11W 29 
1976 26 2,4-1) L 8 RW 24 20 
1977 38 2,4-1) L 10 RW 36 
1978 2 RW 2 
1979 6 2,4-I) L 4 11W 6 
i980 4 2,4-1) L 3 11W 3 6 
1981 4 Butachior L 3 HW 3 
aTotal no. of sites for DS and WS were experiments were con
ducted. h1 = liquid. CIIW = hand weeding, RW = rotary weeding. 12 -

Table I0. Most common varieties used by farmers in Laguna, Philip
pines, 1974-81. 08-

Year Most comtmon variety !DS WS o--,oD 

1974 IR1561 (breeding line) IR1561 04- WI 
1975 IR26 1R26 
1976 1R26 1R26 
1977 1R36 IR36 0L I I I 
1978 IR36, IR42 1974 75 76 77 78 '79 '80 '81 
1979 1R36, 1R40, IRI561 IR36 
1980 1R36, IR42 I R42, IR44 13. Variations in gap between yields obtained with farmer and high
1981 IR40 input level in Laguna, Phiiippines, 1974-81. 



IRPS No. 100, October 1984 9 

Changes in yield gap Weed control. The contribution of high weed control de-
Dry season yield gap decreased from 2.6 t/ha in 1974 to creased to zero in 1977-79 DS. It increased in WS after 
0.2 t/ha in 1981 and from 2.0 t/ha in 1974 WS to zero in 1976 (Fig. 16). High weed control accounted for the entire 
1980 (Fig. 13). 1979 yield gap. 

Changes in contribution to yield gap CAMARINES SUR PROVINCE 
Fertilizer. The contribution of high fertilizer application to Fann-level constraints research in Camarines Sur began in 
DS yield gap increased from 1974 to 1979 (Fig. 14). Fertil- 1975. Our data are through 1982. 
izer contribution to yield gap was highest in 1979 when the 
farmers applied only 17 kg N/ha. Wet season fertilizer con- Changes in input use 
tribution decreased from 52% in 1974 to zero in1979, Fertilizer. The rate of N fertilizer applied by fan.,ers in DS 
when farmers applied the highest rate of N fertilizer, steadily increased from 36 kg/ha in 1975 to 87 kg/ha in 

Insect control. The contribution of high DS insect 1981 (Fig. 17). Farmers in the new test sites in the 1982 
control decreased from 1974 to 1979 (Fig. 15). During WS, DS applied only 27 kg N/ha. WS fertilizer rates also in
the contribution of insect control to yield gap was highest creased over the years and in 1981 and 1982 farmers in the
 
in 1977 when farmers applied foliar insecticides twice and new test sites applied less than 20 kg N/ha. In both seasons,
 
granular insecticides once. In 1977, high insect control con- P applications tended to decrease and were generally low,
 
sisted of two foliar sprays and five granular applications.
 
Contribution was zero in 1979 when farmers sprayed more
 
than twice and applied granular insecticides once. The high Contribution to yield gap M%)
 
level consisted of one foliar spray and three granular appli- ioo
 
cations.
 

80- O-0 D*WSJ 

Contribution to yield gap (/) 
80 

60 

60
40

40  'A.20
20 - DS2020 i= os o i 

.. 1974 '75 '76 '77 '78 '79 

0 I I 1 ' 16. Variations in contribution of high weed control level to the 
19b4 75 '76 '77 '78 '79 yield gap in Laguna, Philippines, 1974-79. 

14. Variations in contribution of high level of fertilizer to the yield
 
gap in Laguna, Philippines, 1974-79. Nopplied (kg/ho)
 

l00 
(3) (3) 

Contribution to yield gop (,) 
80 80

60- 60 20 1 

- zo 6) (6)
 
40 40I(3) 

20 1 20- L- WS 

1974 75 '76 '77 '78 79 1975 76 77 78 79 80 81 82 

15. Variations in contribution of high insect control level to te 17. Farmer N fertilizer level in Camarines Sur, Philippines, 1975-82. 
yield gap in Laguna, Philippines 19"4-79. Figures in parentheses indicate number of test sites. 
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averaging less than 20 kg/ha (Fig. 18). Potassium applica-
lion rates decreased over the years except in 1980 when ap-
plication rates increased in both seasons (Fig. 19). Earlier 
studies (De Datta and Gomez 1975) suggest fhat Camarines 
Sur farmers should apply about 18 kg P to get high yields; 
however, farmers in tile study area applied mainly N 
fertilizer. 

Insect control. Farmers applied an average of two foliar 
insecticide treatments in DS and more than two in the WS 
(Table II). In both seasons, farners' granular insecticide 
applications were negligible. Endosulfan and azinphos ethyl 
were the most common foliar insecticides (Table 12). 

Weed control. Farmers used an average of one herbicide 
and one mechanicai weed control method in DS (Table 13), 
which was similar to that in WS. Rotary weeding was the 

Papplied (kg/no) 

60 Fgained 

0"--I DS-


40ws 


20o ,Changes 

L I I I I *I 
19t75 '76 '77 '78 '79 '80 '81 '82 

18. larier P fertilizr leve in Carnarines Sur, Philippines, 1975-82. 

K applied 
(kg/ha

60 


40 [& -VSS 
0---.o WS 

20-


0 - I 

1975 76 77 78 79 80 81 82 


19. Farmer K fertilizer level in Cuniarines Stir,Philippines, 1975-82. 

most common mechanical method. From 1975 to 1978, 
2,4-D liquid, applied postemergence, was the most common 
herbicide used (Table 14). Front 1979 to 1982, the farmers 
used liquid butachlor, applied preemergence. They shifted 
from 2,4-D to butachlor because of increasing weed pro-
Hlems and because butachlor controls grasses. In 1981 and 
1982, more fanners used herbicides than mechanical 
methods because they broadcast-seeded on mud, which 
makes hand weeding difficult. Siith and Gascon (1979) 
showed that in Laguna, herbicide price has fallen wid 
respect to labor price, which also helps explain tileshift 
from hand weeding to herbicides. Increased herbicide use 
efficiency, as fanners shifted from postemergence (20 to 
25 days after transplanting [DTI ) to preemergence (4 DT) 
appiication, also encouraged the shift from hand weeding to 
herbicides. 

Variety. Camarines Sur farmers planted early-maturing
rice varieties. IR747, although not named as a variety, 

acceptance (Table 15) because it has short growth 
duration and high yield potential. In later years, when more 
MVs were released, famiers adopted only tie early-maturing 
rices like IR36 and IR50. 

in stand establishment 

Broadcast seeding on puddled soil has become popular in 

Camarines Sur. Mandac et al (1982) reported that the 

Table 12. Insecticides commonly used by farmers in Camarines Sur, 

Philippines, 1975-82. 

Foliar Granular 
Year Sitesa

(no.) Most common Users Most common Users 

(no.) (no.) 

1975 9 Endosulfan 3 
1976 11 Endosulfan 7 Carbofuran 1 

Gamma-BHC 1 
1977 47 Endosulfan 25 Carbofuran 31978 12 Azinphos .thyl 8 

1979 16 Azinphos ethyl 8 
1980 3 Azinphos ethyl 2 
1981 35 Azinphos ethyl 14 
1982 93 Azinpli,)s ethyl 53 

aTotal no. of sites for DS and WS vbere experiments were conducted. 

fable II. Farmer and high levels ot insect control in Camarines Sur Philippines, 1975-82. 

Insect control Applications (no.) 

Level Mlethod 1975 1976 1977 1978 1979 1980 1981 1982 Av 

DS 
Farmner Ioliar 1.3 3.0 2.5 - 2.1 1.0 1.6 0.9 1.9 

(;ranular 0 0.2 0 - 0 0 0 0.2 0.1 
Iligh Foiiar 3.0 1.0 1.0 - 2.6 4.0 2.0 1.0 2.1 

(;ranular 2.0 3.0 3.0 - 3.0 3.0 2.0 1.0 2.7 

Farmer Foliar 3.3 3.0 2.0 2.3 
It's 
3.0 2.3 1.6 2.0 2.4 

High 
(;ranulal 
loliar 

0 
3.0 

0.2 
1.0 

0.2 
1.0 

0.2 
1.8 

0 
2.1 

0 
3.7 

0.1 
2.4 

0 
2.7 

0.1 
2.3 

Granular 2.0 3.0 3.0 3.0 3.0 4.0 2.0 1.9 2.7 
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Table 13. Farmer and high levels of weed control in Camarines Sur, Philippines, 1975-82. 

Weed con trotl 

Level Method 1975 1976 1977 

Fanner 	 Chemical 0.3 0.8 0.6 
Mechanical 1.0 0.8 0.8 

Iligh 	 Chemical 1.0 1.0 1.0 
Mechanical 0 1.0 1.0 

Fanner Chemical 1.0 0.5 0.5 
Mechanical 0.5 1.3 0.9 

High Chemical 1.0 1.0 1.0 
Mechanical 0 1.0 1.0 

moisture status of the field and the introduction of more 
effective herbicides caused tie shift in crop establishment 
method. Increased labor cost and lack of a timely labor 
supply for hand weeding also encouraged tie shift to broad-
cast seeding, as did availability of shorter-maturing rices 
witi high yield potential. Weed control isdifficult in broad-
cast-seeded rice; tierefore, farmers used herbicides to mini-
mize weed infestation, 

The yield gap in broadcast-seeded rice was similar to thiat 
in transplanted rice but high fertilizer and weed control 
levels contributed more (Fig. 20) because of inadequate 

Table 14. Ilerbicides and mechanical weed control commonly used 
by farmers in Carnarines Sur, Philippines, 1975-82. 

Year Sitesa Chemical M echanical
Year. 

(no.) Most conlmonb Users Most conlmonc Users 
(no.)(no.)Insect
(no.)(no.)control 

1975 9 L 	 RW 7
2,4-1) 4 

1976 11 2,4-1) L 7 RW 9
 
1977 47 2,4-1) L 37 RW 38
 
1978 12 2,4-1) L 4 RW 11 

!979 16 Iutachlor L 15 RW 16
 
1980 3 Itoltachlor L 3 RW 3 


1981 35 IButachlor L 29 IIW It 

1982 93 Blutachlor L 42 INW 31 


"lotll for DS and WS where experiments were conducted. bL 
liquoid. CRW -- rotary weeding, IItW hand weeding. 

Table 15. Most comtnt varieties used by farmers in Camarines Sur, 
Philippines, 1975-82. 


MIost ttitt on varietyV 
Year 

)S WS 

1975 IR 1561 (breeding line) 	 IR 1561 
1976 1I30 	 lI1747 
1977 11R36 	 IR36 


11136
1978 	 --

Applications (no.) 

1978 1979 1980 1981 1982 Av 

DS 
- 0.6 1.0 1.0 0.1 0.6 
- 0.9 1.0 1.0 1.0 1.1 
- 1.0 1.0 1.0 2.0 1.1 
- 1.0 1.0 1.0 3.0 1.1 

I'S 
0.5 1.2 1.0 1.0 1.0 0.8 
1.2 0.7 1.0 1.0 0.5 0.9 
1.0 1.0 i.0 1.0 1.2 1.0 
1.0 1.0 1.0 1.0 0.9 0.8 

farmer N fertilizer application levels. Results also indicate 
tdat farmers have yet to learn how to control weeds in 
broadcast-seeded rice, despite currently available technology 
(De Datta 1981). 

Changes in grain yields 
Grain yielis generally increased between 1975 and 1981, 
ranging from 3.9 to 5.6 t/ha in DS and from 3.6 to 4.2 t/ha 
in WS (Fig. 21). Mandac et al (1982) reported that higher 
fertilizer and pest management levels could increase grain 
yields more than 1.0 t/ha. 

Grain yield (f/ho) 
8 c
 

ransplanied Weed
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0 

8 

04,60-eeded60/o 
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180
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2 
I 
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1979 1R36 R36 0 _ - --- _. .. . .. ....... . 

19811981 11R36IR36 11136IR36 2(). Relatie ton trtii tion of1fertiliier, 'xscedl control, and insect 

1982 11150 1R36, 1R50 control to the improvement ol transplanted and direcl-seeded rice 
yields (onrainfed rarins inCatarines Sur,Philippines, 1982 WS. 
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Grain yield (t/ho) 
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21. Variations in grain yields obtained with farmer inputs in 
Camarines Sur, Philippines, 1975-82. FigurLs in parentheses indicate 
number of test sites. 

Changes in yield 	gap 

Chanes n yild
ap

The yield gap decreased from 1.7 t/ha in 1975 to 1.2 t/ha 
in 1980 in DS and from 1.0 t/ha in 1975 to 0.2 t/ha in 
1980 in WS (Fig. 22). The high 198! and 1982 yield gaps 
were caused by the low N fertilizer levels applied by farm-

Changes in contribution to yield gap 
Fertilizer. In DS the contribution of high fertilizer to the 
yield gap did not decrease despite increased N fertilizer 
application by the farmers, which indicates the lower effi. 
ciency of the farmers' method and timing of application 

Yield gap t/h) 
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0 I 
1975 '76 '77 '78 79 '80 81 '82 

22. Variations in gap between yields obtained with farmer and high 
input levels in Camarines Sur, Philippines, 1975-82. 

(Fig. 23). De Datta et al (1983) reported that in 3 study 
areas, researchers' timing of fertilizer application was as 
good as or more efficient than farmers' timing in '0 of 39
DS trials. Results suggest hat rice yields can be consider. 

ably increased without added cost to the farmers by itn
proved timing of application. In the WS, contribution to 
yield gap tended to decrease. 

Insect contr)l. In both DS and WS, the contribution of 
Iigh insect control to yield gap decreased over time (Fig.
24). New varieties also minimized farmers' dependence on 
insecticides to control insects and vectors of virus diseases. 

Weed control. The contribution of high weed control to
yield gap decreased over time in DS (Fig. 25). In WS, high 
weed control accounted for 57% of the yield gap in 1978,
but decreased in later years. 
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23. Variations in contribution of high fertilizer level to the yield gap

in Camarines Sur, Philippines, 1975-82.
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24. Variations in contribution of high insect control level to the 
yield gap in Camarines Sur, Philippines, 1975-82. 
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Contribution to yield gap (%) Biological constraints to famers' rice yields in three 
80 Philippine provinces. IRRI Res. Pap. Ser. 30. 69 p. 

0-0 DS De Datta, S. K., F. V. Garcia, W.P. Abilay, Jr., and J. M. 

60 1- WS Alcantara. 1983. Increase in fertilizer nitrogen use effi
ciency in lowland rice in farmers' fields by better man
agement. Paper presented at tlhe Te,hnology Transfer 

40- Workshop, 11-12 Mar 1983, International Rice Research 
Institute, Los Bafios, Laguna, Philippines. 

Garcia, F. V., W. 1P.Abilay, Jr., J. M. Alcantara, and S. K. 
20- De Datta. 1983. Increase in fertilizer use efficiency in 

lowland rice in farmers' fields by buji~'r iiangerment. 

. .	 Workshop to Review Selected Research to Increase Rice 
1975 '76 '77 78 79 80 81 82 Production in the Bicol River Basin area. BRBDPO, San 

25. Variations in contribution of high weed control level to tie Jose, Pili, Camarines Sur, Philippines.yield gap in Camarines Sur, Philippines, 1975-82.JoePiCaansSuhipie. 
Gomez, K. 	 A. 1977. On-farm assessment of yield con

straints: Methodological problem. Pages 1-4 in Con
on Asian rice farms: an interimCONCLUSIONS 	 straints to high yields 

report. International Rice Research Institute, Los Bafios,I. 	 Famlers are adopting modern rice technology at a rate Phiilippines. 
Gomez, .under their farm conditions.they find desirable 

2. 	 Nw vrieieswitari reistncehav GoezK. A., R. W. Herdt, R. Barker, and S. K. De Datta.hih isec dieas2. 	 New varieties with high insect and disease resistance have 1979. A methodology for identifying constraints to high 
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3. 	 Current rice yields can be considerably increased with- national Rice Research Institute, Los Bafios, Philippines. 
out added cost to the farmers by improved timing of N Herdt, R. W., and C. CapuIle. 1983. Adoption, spread, and 
fertilizer application, production impact of modern rice 'arieties in Asia. 

4. 	 Farmers' adoption of modern rice technology increased International Rice Research Institute, Los Bafios, Philip
grain yields in the three study areas in tie Philippines pines. 
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and WS. tolome: beyond tie Green Revolution. IRRI Res. Pap. 

Ser. 74 13 p. 
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