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ABSTRACT

In 1981, the tarm-level constraints research initiated by IRR1in {974 shifted
its emphasis from irrigated rice te rainfed lowland rice. Experiments were
conducted in farmers” fields in Tarlac (1981-83. 1986). Camarines Sur (1981-
86). and Nueva Ecija (1984-86) to measure the vield gap between farmers’ and
researchers’ inputs, quantify major constraints. and identify appropriate
fertilizer management practices tor ruinfed lowland rice.

Yields of transplanied rice (TPR) with researchers inputs at the Tarlac and
Nueva Ecija sites averaged 4.9 t ha: in Camarines Sur, the average was
5.0 t/ha. Farmers™inputs gave vields 1.1-1.6 ¢ ha tower than did rescarchers’
inputs.

Broadcast seeded rice (BSR) vielded lower than did TPR. Lut yield gaps
were similar to those in TPR.

Low N fertilizer level and inefficient timing of application were the major
yield constraints in TPR in Tarlac, and in TPR and BSR in Camarines Sur. In
Nueva Ecija, the major constraints were poor insect control for TPR and poor
weed control for BSR,

Among the improved rices 1ested, only ihe carly-maturing, promising
breeding line TR32307-107-3-2-2 was superior to farmers® varictics--pre-
dominantly IR60 (Tarlac) and [R36 { Camarines Sur). The Tarlac and Nueva
Ecija sites respouded significantly to N application. Applying 30-45 kg N/ ha
produced high yiclds when the fzrtilizer was applied basally and thoroughly
incorporated into mud withom standing water. The Camarines Sur sites
needed N and P fertilizers to increase vields. Across sites, responsc to applied
Zn, cither by dipping seedling roots into 26 ZnO suspension or bagal
incorporation of 20 kg ZnSOs, ha, was not observed in (R 36, IR50, IR56, and
IR60 grown on soils with pH below 7.0, although the available Zn content was
below the 1.0 ppm critical level.

Researchers™split-applied prilled urca was as efficient as deep hand-placed
urea supcrgranules. Yields with rescarchers’ split were superior to those with
farmers” method and machine deep placement.

‘Principal scientist and head. senior research assistant, senior rescarch assistant, and researcs assistant, Agronomy Deépartment, International Rice
Research Institute, P. (0. Box 933, Manilu, Philippines.



YIELD CONSTRAINTS
AND FERTILIZER MANAGEMENT
IN SHALLOW RAINFED TRANSPLANTED
AND BROADCAST SEEDED LOWLAND RICE
IN THE PHYLIPPINES

Shallow rainfed lowland rice, grown mostly in South and
Southeast Asia (Barker and Herdt 1979), occupies about
onc quarter of the world’s rice area (Herdt and Palacpac
1983, Huke 1982). The impact of modern rice technology
on these arcas has been sporadic because research over
the past decades has centered on irrigated areas. In the
Philippines, 4167 of the total rice arca is rainfed: only 2
decades after the retease of the first high-yielding variety,
IRR, 82¢¢ of the country's 1.3 million ha of rainfed
riceland was planted to modern varieties (MVs)(Table I).
Despite the widespread adoption of MVs, ields in
rainfed environments are still low, ranging {rom 1.2 to
2.4 t/ha. Several factors account for this slow progress,
but an important constraint is the scarce research in this
area (Barker und Herdt 1979).

Low fertilizer application level is one cause of low
yields of fertilizer-responsive M Vs in rainfed arcas in the
Philippines (Alcartara et al 1984, Mandac and Flinn
1985). Fertilizer appiied to lowland tice is often ineffi-
ciently used by the plant because of irregular moisture
supply and improper applicaiion method and timing,

Rescarch on constraints to high yield in tarmers® fields
in the Philippines showed that insufficient fertilizer or

inappropriate fertilizer management accounts for one-
half to two-thirds of the gap between actual and potential
irrigated rice vields (De Datta et al 1979). Soil, varicty,
scason, time of planting, water management, pest and
discase control, cropping sequence. and fertilizer sources
are the other factors affecting fertilizer use efficiency (De
Datta 1981). Since rice is usually transplanted, fertilizer
management in irrigated situations can be adopted in
shallow rainfed lowlands (Goswami et al 19R06).

The tarm-leve! constraints research initiated in 1974
wits addressed primarily to irrigated rice-growing envi-
ronments. [n 1981, cinphasis shifted to rainfed envi-
ronments because of the increased attention given to
shallow rainfed rice production. Identifying and quanti-
fving the major factors responsible for the yield gap
between farmers' and rescarchers’ inputs, and evaluating
alternative technologices to increase N use efficiency are
two of the major challenges addressed in our farm-level
constraints research.

This paper summarizes the agronomic results from the
experiments on transplanted (TPR) and broadcast seeded
(BSR) lowland rice conducted in three provinces in tie
Phitippines.

Table 1. Rainfed rice areas, percent planted to modern varietics, and average yield of rainfed rice in the Philippines.

Rainfed lowland rice area

Total
Region rice area Arca Percent of Percent planted Average yicld
(thousand ha) (thousand ha) total 1o modein (t/ha) on

rice area varieties rainfed farms
Itocos 326 144 44 80 1.7
Cagayan Valley 305 68 22 72 1.5
Central Luzon 401 128 32 96 2.1
Seuthern Tagalog 376 163 43 85 1.9
Bicol 304 122 40 88 1.6
Western Visayas 445 274 62 95 2.2
Central Visayas 105 67 64 71 1.2
Lastern Visayas 191 112 56 79 1.5
Western Mindanao 135 48 36 82 2.1
Narthern Mindanao 115 26 23 94 2.1
Southern Mindanao 186 52 28 84 20
Central Mindanao 251 86 34 60 24
Total 3,140 1,290 41 82 1.9

Source: Bureau of Agricultural Economics, Philippines (1984).
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MATERIALS ANIY METHODS

Three types of experiments were conducted in selected
rainfed farmers® iields in Tarlac (1981-83 and 1986),
Camarines Sur (1981-86). and Nueva Feija (1984-86)
Provinces: vield constraints in TPR and BSR lowland
rice, yield response to fertilizer application, and alter-
native technologics to increase N use efficiency.

Yield constraints in transplanted and broadcast seeded
lowland rice

The yield constraints experiment determined the yield
gap between farmers’and researchers’ inputs and the vield
gap contributions of fertilizer, insect control, and weed
control.

The minifactorial approach used consisted of treat-
ments equal to two more than the number of factors being
tested: one treatment with all factors at high level, one
with all factors at farmers® level, and others having all but
onc factor at the high level, Other management and
cultural practices were at farmers® levels, All farmers®
mputs and practices were recorded and carefully simu-
lated in the plots. Researchers' input levels are given in
Table 2.

The yield performances of a very carly-maturing
MV (IR58) and carly-maturing (1R32307-107-3-2-2)
and medium-maturing (1R 14753-49-2. IR1943]-72-2,
IRIO781-75-3-2.2 and IR 13 146-45-2-3) promising breed-
ing lines were compared with those of farmers’ varieties,
The test variety was added as a separate treatment grown
with farmers’ and rescarchers’ inputs or with researchers’

input; alone. The experiment followed a randomized
coniplete block design (RCBD) with two replications.

A separate experiment during the 1986 wet scason
(WS) evaluated the yield performances of five drought-
tolerant, promising breeding lines (IR 1 1418-15-2,IR21015-
80-3-3-1-2, IR 13240-108-2-2.3, IR21567-18-3-1, and
IR26894-37-2-1-3) grown with farmers’ (FCP) and
rescarchers’ (RCP) cultural practices using a split-plot
design with two replications. Cultural practices served as
the main plots, and test rices as the subplots,

Yield response to fertilizer application

Rice response to appliecd N, P, K. and Zn was determined
inareplicated RCBD. Nitrogen rate varied from 30 to 90
kg ha, applied in 2 equal split doses  one-half basally
broadcast and incorporated (BRBI) thoroughly into the
mud without standing water, and the remaining half at
5-7d before panicle initiation (DBPI). Phosphorus (13 kg
P/ha) and K (25 kg K ha) were BBI into the mud
without standing water. Zine treatment consisted of
dipping scedling roots into 2¢; ZnO “uspension before
transplanting, or basal incorporation of 20 kg ZnS0Oy/ ha.
Cultural practices were done at researchers’ levels.

Alternative technologies to increase nitrogen use
efficiency

In 1982 WS, researchers” split application of prilled urea
(PU) was compared with urca supergranules (USG) deep
point-placed, and the effectiveness of deep point-placed
USG was evaluated under farmers® and researchers’levels
of inscct control. In 1984-86 WS, fertilizer deep place-

Table 2. Average input levels on broadcast seeded and transplanted rices in 3 Philippine provinces, 1981-86 WS,

Crop Sites Fertilizer (kg/ha) Weed control? Insect control?
establishment Input level (no,)
method N p K M C I G
Tarlac (1981-83, 1986)

Transplanted Farmers® 37 32 6.2 6.6 0 0.2 1.8 0.1
Transplanted Rescarchers 37 60 13.2 249 1.0 1.0 3.1 1.9
Camarines Sur (Libmanan and San Fernando sites, 1982)

Broadcast seeded FFarmers’ 7 3 0 0 0.4 1.7 1.0 0
Broadcast sceded Researchers 7 58 13.2 249 1.0 1.9 2.6 1.7
Transplanted Farmers® 29 10 04 1.7 0.6 1.3 23 0
Transplauted Researchers' 29 52 13.2 249 0.8 1.0 24 1.8
Camarines Sur (Pili site, 1984-85 )
Broadcast sceded Farmers' 14 30 0 0 0.5 0.7 1.7 0
Broadcast seeded Rescarchers’ 14 60 13.2 249 I.1 1.3 3.5 2.2
Transplanted Farmers’ S 11 0 0 0.2 0.6 0.6 0
Transplanted Researchers 5 54 13.2 249 0.8 1.0 3.2 22
Nueva Ecija (1964.85)
Broadcast seeded IFarmers’ S 47 12.8 1.7 0 1.0 1.0 0
Broadcast sceded Researchers’ 5 60 13.2 249 1.0 1.0 28 2.6
Transplanted IFarmers’ 27 61 6.2 2.5 0 0.5 1.5 0
Transplanted Rescarchers’ 27 60 13.2 249 1.0 1.0 2.7 2.5

"Averagc no. of mechanical (M) weedings by hand and chemical (C) applications. bAverugc no. of foliar (F) sprays {monocrotcphos, azinpbhos,
chlorpyrifos, ete.) and granular (G) applications (carbofuran, etc.) to floodwater,



inent by International Rice Rescarch Institute (IRRI)-
designed machines—press wedge for USG and spring
auger for P'J in 1984, and plunger auger for PU in 1985
and 1986—was cvaluated in addition to farmers’ and
researchers’ split PU and hand point-placed USG.

Deep placement of USG by hand and of PU and USG
by machines was done at 2-4 d after transplanting in TPR
and at 3 d before seeding (DBS) in BaR. USG placement
by hand was done by inserting the fertilizer at 10-to 12-cm
soil depth in the center of 4 hills for TPR, or at 40- X
40-cm spacing for BSR. The farmers' timing of N

application was determinca by the most common farmers’
practice during the preceding vear, For rescarchers’

timing, N was applicd in 2 equal split doses: one-half BBI
into mud without standing water at 1 d or just before
transplanting or at 3 DBS, and the remaining half at 5-7
DBPI.

All treatments received basal appiications of 13 kg
P/ha and 25 kg K/ ha, Weed control and inscct control
were done at researchers” levels, while other practices
were at farmers’ levels. The experiment followed «
RCBD.

Before treatment, soil samples collected from tie upper
15-cm soil layer in scveral sections of the experimental
arca were analyzed for chemical and physical properties.

A researcher stayed in the study arca to monitor farmers’

practices and prevailing conditions.

RESULTS AND DISCUSSION

Fertility of test scils

Ponnamperuma (1979) suggested that a productive low-
land rice soil should contain at feast .20 total N, 10 ppm
available P, 0.2 mey exchangeable K/ 100 g soil, and 1.0
ppm available Zn.

The chemical characteristics of the test soils varied
within and among study arcas, All sites in Central Luzon
(66 in Tarlac and 29 in Nueva Ecija) we ¢ N-deficient,
with values ranging from 0.04% to 0 149% total N,
Exchangeable K was generally adeqguate at the Nueva
Ecija sites but deficient at most of the Tarlac sites.
Available P was deficient at 19siies in Nueva Ecija ang 30
sitesin Tarlac, and available Zn was critically low in both
study arcas. The study areas in Libmanan, San Fernando,
and Pili (Camarines Sur, in the Bicol region) were
generally rich in soil N but deficient in P and Zn.

Yield constraints in transplanted and broadcast seeded
lowland rices

Farmers'level of inputs and prac:ices. Water buffalo were
used by farmers for land preparation mainly in Tarlac and
in Libmanan and San Fernando; in Nueva Ecijaand Pili,
water buffalo and hand tractors were used. Transplanting
was common in Tarlac, whereas transplanting and
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broadcast seeding on puddled fields were practiced at
other sites.

The researchers’levels of inputs at all sites and with all
crop establishment methods were considerably higher
than those used by the farmer-cooperators (Table 2).
Camarines Sur farmers applied very little or no N, and
little or no P and K. In Tarlac, farmers applicd only about
half the N rate used by the researchers. In Nueva Ecija,
farmers and rescarchers at TPR sites applied similar
amounts of N,

To control weeds, farmers in Nueva Ecija used mainly
chemicals, more on BSR than on TPR. At three sites in
Camarines Sur, farmers used mechanical and chemical
weed control, Most farmers in Tarlac left their fields
unweeded.

To control inseets {armers at all sites sprayed foliar
insecticide at 0.6-2.3 average applications, avoiding the
more expensive granular insecticides.

Contributions of test inputs 1o the vield gap. In TPR,
the researchers” vields averaged 5.0 t/ha at all sites
(Fig. 1-4). The farmers’ average vields were 1.1 t/ha
{Nueva Fcija) to 1.6 1 ha (Tarlac and Pil) lower,

In broadcast sceded flooded rice, the researchers’
average yields ranged from 4.2t/ ha (Libmanan and San
Fernando) to 4.4 t;ha (Nueva Ecija) (Fig. 2-4). The
average vield gap varied from 1.2 t/ha (Nueva Ecija and
2ili) to 1.7 t/ha (Libmanan and San Fernando). Low
fertilizer application level was the main constraint to high
yield in TPR in Tarlac and in transplanted and BSR in
Camarines Sur. Improved fertilizer management contri-
huted to 50-80% of rice yield improvement at those sites
(Fig. 1-3). At TPR sites in Nueva Ecija, where rice tungro
virus (RTV) infection was a problem in 1984, improved
insect control gave the highest contribution (55%) to the

Grain yield (t/ha)

6 |- Farrers’ inputs

—— Researchers’ inpuls

Weed control

Fertilizer
12%
o\ 50%
4t~
2 -
Insect control
38%

No of farms™ 39

Yieldgap 16Uha
0 —

1. Average vields with farmers” and researchers’ inputs and relative
contribudons of fertilizer, weed control, and insect control tuimproved
rice vields on transplanted rainied farns in Tarlac. Philippines, 1981-83
and 1986 WS,
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L1 t/hayield gap, while improved fertilizer management

contributed only 36% (iig. 4). The contribution of

improved weed control to BSR yield varied with location,
depending on the level and guality of farmers® weed
control. Where farmers' weed control was poor, imp. oved
weed control gave the highest contribution (41¢¢) to the
1.2 t/ha yield gap in Nueva Ecija (Fig. 4) and the second
highest contribution (18¢/) to the 1.7 t ha vield gap in
Libmanan and San Fernando (FFig. 2). On the contrary,
when farmers’ weed control was as cffective as the
rescarchers™ as at the Pili sites, improved weed control
contributed nothing (Fig, 3).

Yield performance of farmers varieties and proniising
lines. Farmers in all study arcas were responsive to the
adoption of MVs. In 1981 and 1982, IR36 was grown by
most farmers, and IR 50 ranked second. In 1983, the vield
performance of very carly-maturing IRS8 was compared
with that of farmers’ varicties. Farmers in Tarlac and in
Libmanan planted mostly 1R56. In San Fernando, RS2

Grain yield (vha)

TTrTT— 7 Farmers' inputs

Transplanted

— Researchers' npuls

Weed control
13%

Insect

control
Femlizer

67%

No ol farms 29
Yield gap: 1.5 vha

0
IR36
6 "
Broadcast seeded _]
insect control
6% \
Weed A7
L control %/%
18% / k
7
er —— Fertilizer
76%
No. of farms- 7
Yield gap: 1.7 vha
0 - |

IR36 & IAS0

2. Average yislds with farmers' and resarchens” inputs and relsive
contributions of fertilizer. weed control, and insect controltoimproved
rice yields on transplanted and broadeast sceded rainfed farms in
Libmaran and San Fernando, Camarines Sur Philippines, 1982 W€,

was the dominant variety grown at low clevation, IR36 at
intermediate elevation, and 1R56 at high elevation. In
Libmanan, IR58 vyielded significantly lower than did
IR56 with IFCP and RCP. In low areas in San Fernando,
IKS8 and IRS2 vields were comparable; but at inter-
mediate and high elevations, 1R 58 vielded significantly
tower than did IR36 and IRS6, but only with FCP,
Results in Tarlac also showed no vieid advantage of IRS8
over tarmers® varieties (Table 3). Rat and bird damage
turther contributed to the poor performance of 1R.SS,
which was due mainly to its shorter growth duration than
that of the farmers' varictics.

Medium-mataring. drought-tolerant promising lines
IR14753-49-2 IR [943]-72-2. IR10781-75-3-2-2, and
IRT2146-45-2-3, tested in 1984 and 1985 WS in Nueva
Feija and in Pili, were not superior to farmers® varieties
(mostly IR36 and IR56), irrespective of crop establish-
ment and site (Table 4). They matured more than 2 wk
later than did farmers™ varicties. I.ow vields were due to
tvphoon, rat, and bird damage,

Grain yield (t/ha)

[ Farmers' inputs Transplanted
6 — P 'searchers inputs
Weed control
229, Ferihzer
< 52%
4 -
2 (—
Insect control
26% No. of farms: 5
Yield gap: 1 6 /ha
0
6
Broadcast seeded
Insect control
4 }—

Fentilizer
80%

No. ol farms: 14
Yield gap: 1.2 tha

0

3. Average yields with farmers® and researchers’ inputs and relative
contributions of fertilizer. weed control, and inseet contro! to increased
rice yields on wransplanted and broadeast seeded rainfed farms in Pili,
Camarines Sur. Philippines. 1983-85 WS,
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= om—m e eme s R anmers’ Inputs Transplanted
6 — —=- Researchers inputs
Weed control
9%
Insect cortiol
55%
4 |
21 Feimzer
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:
No of tarme &7 :
Yield gap t1tha
0 Lo
6 T - 1
Broadcast seeded !
nsect control '
24% |
Weed controt
% !
41— i
//
2 b
fertihzer
35%
No offarms 5
Yieldgp t2tha
0 L. - —_— SN — e e o i s

4. Average vields with tarmers” and researchers’ inputs and refative
contributions ot fertilizer, weed control, and insect control to improved
rice vields on iransplanted and broadcastseeded rainfed farms in Nueva
Ecija, Philippmes, [984-85 WS,
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In 1986, carly-maturing, drought-tolerant 1R32307-
107-3-2-2 was tested in Tarlae and Camarines Sur. It
significantly outyielded the farmers® varieties, all having
similar growth durations {Table 4). The results suggest
that growth duration, particularly field duration, should
be considered when comparing two or more varieties in
farmers” ficlds.

Yield performance of prontising breeding lines. in 1986
WS, vield performances of five other carly-maturing and
drought-tolerant promising breeding lines with FCP vrere
compared with those with RCP on drought-prone farms
in Tarlae and Camarines Sur,

The test rices perlormed better with RCP than with
FCP (Table 5. In botharcas, IRT3240-168-2-2-3 yielded
the highest regardiess of cultural practices. In Tarlac,
however. the 5.6t ha vield of IR21567-18-3-1 with RCP
did not signiticantly difter from that ot IR 13240-108-2-2-
3O IRHIAIS-15-2 also performed well in both areas.
1R26894-37-2-1-3 performed well in Camarines Sur buy
vielded the lowestin Tarlae because of its susceptibility to
brown spot and ncech blast. Sheath blight and bacterial
leaf streak infections on IR21015-80-3-3-1-2 and 1R21567-
18-3-1 in Camarines Sur also caused low vields.

Yield response to fertilizer application

Response 1o nitrogen, phosphorus, and  porassium.
During 1981-83 WS, P and K applications without N
significantly reduced vields in Tarlac and Camarines Sur
(Tables 6-8 ), indicating that N was limiting. Akbar et al
(1986) reported that more than 75¢ of the riceland in
Southeast Asia is N-deficient. Removal of K did not
reduce vields, but removai of I did significantly at the
Libmanan (low clevation) and San Fernando (inter-
mediate celevation) sites (Table 7).

Table 3. Yields of farmers’ and test varieties on rainfed farms in 3 study areas in the Phulippines, 1983 WS,

Grain yicld (t/ha)

Location Llevation Sites Cl}llu‘r‘a'l
(no.) practice Farmers® variety” Test variclyb Difference
Tarlac Low 6 Farmers’ 28 24 ~0.4ns
Tarlac Low 6 Rescarchers’ 4.7 4.5 ~0.2ns
Tarlac High 6 Farmers’ 28 25 =0.3ns
Tarlac High 6 Researchers’ 4.5 4.2 -=0.3ns
Camarines Sur
Libmanan Low 2 Farmers' 34 2.8 -0.6*
Libmanan Low 2 Researchers’ 4.3 31 -1.1*
San Fernando Low 4 Farmers’ 5.1 18 ~0.3ns
San Fernando Low 4 Rescarchers’ 5.2 5.6 ~0.4ns
San Fernando Intermediate 6 Farmers’ 4.7 34 -1.3*
San Fernando Intermediate 6 Rescarchers’ 4.4 4.3 =0.1ns
San Fernando High 8 Farmers’ 44 33 ~1L1*
San Fermundo High 8 Researchers’ 5.0 49 =0.Ins

IPDominant farmers' varieties: Tarlac = IR56 for both elevations; Libmanan = IR56; San “ernando = [R52 for low elevation, 1R36 for inter-
mediate elevation, and 1R56 for high elevations, ?Test variety for all sites = IR58. ns = not significant at the 5% level by DMRT. * = significant

at the 5% level,
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Tabie 4. Yields of farmers® and test varieties on rainfed farms in 3 study areas in the Philippines, 1984 .86 WS,

Provinee est 1b(lﬂir:l)|l:n nt Sites Dominant i ield tt/ha)
ince >stablishme Vo
method (no.) armers”variety Farmers® variety Test variety? Difference
1984 wet season
Nueva Eciju Broadcast seeded 3 IR36 4.6 3.2 ~1.4*
Transplanted 16 IR36 4.8 4.8 Ons
Camarin=s Sur Broadcast sceded 8 IRS6 5.2 54 0.2
Transplanted 2 IR56 6.5 55 -1.0
1985 wet season
Nueva Feija Broadcast seeded 2 C1000 4.2 38 ~0.4ns
Transplanted 8 BPIRi 10, IR36, IR58 5.3 43 ~1.0*
Camarines Sur Broadeast seeded 6 IRS6 33 24 -0.9*
Transplanted 3 IR36, 1R56 4.1 34 ~0.7ns
1980 wet season
Tarlac Transplanted 7 IR60 5.0 54 0.4+
Camarines Sur Transplanted & IR36 5.1 5.8 0.7+

u'l'cst varieties in 1984: Nuevy Eciji = IR14753-49.2 4nd IR19431-72.2; Camarines Sur = 1R19431.72-2;in 1985: Nueva Ecija = IR14753-49.2,
IR10781.75-3:2.2, and IR 13 [46-45-2-3: Camarines Sur = |R 14753-49.2 and IR19431-72.2in 1986: Tarlac and Camarines Sur = IR32307-107-
3-2-2. 08 = not sign ficant at the 57 level by DMRT, * = significant at the 57 level,

Table 5. Yields of drought-tolerant promising breeding lines with Table 7. Yield response to N, P ard K applications on rainfed farms
farmers® (FCP) and rescarchers’ (RCP) cultural practices on rainfed in 3 study arcas in the Philippines, 1982 w§.
farms in 2 areas in the Philippines, 1986 WS. - -
e — — - — Sites Grain yield” (1/ha)
Grain vield? (t/ha) Location Flevation ;no ‘)
Dunntiony ~eooo " NPK PK NK NP
Breeding line (d) Tarlac Canarines Sur m—
(4 sites) (3 sites) Tarlac l.ow 7 48a 39 b d444bh d64
—_— Tarlac High 7 51a 40 Db 46a4b 4.6 ab
ree RCP Fep RCP Camarines Sur
. Libmanan Low 9 454 36 42 b 454
;;”3{?&8511* " IS i N S Libmanan — Iligh 3 482 39 b 464b 46ab
IR]'iME)-IOS-’A-’-%— 109 4 54 5'7 . ¢ ;0 X 4‘:] ) ¢ San I'.crnando Low ' 4 39a 364 372 3.7
ll{’i;67-18-?-lh . 17 4“2 ‘b %.6 d h"i ‘h 1'4 b . s:m l@rnunc}o ln‘lcrmcdmtv }0 54a 41 c¢46 b 5.0a
IR26894-37-2-13 107 28 4 26 4 28 41 b San Fernando High P 47437 b 464 46a

4 a row, means tollowed by a common letter are not significantly
ditferent at the 5% Jevel by DMRT. Vertilizer levels: §8 kg N/ha,
13 kg Prha, and 25 kg K/ha. N rate at high clevation sites in Lib-
manan was reduced to 48 kg/ha.

a ] ' Lo
In a column, means followed by a common letter are not signifi-
cantly differenit at the 5% level by DMR Y,

Table 6. Yield response to N, P, and K applications on rainfed farms
in 3 study areas in the Philippines, 1981 w§, Table 8. Yield response 1o N, P, and K applications on rainfed farms
in 3 study areas in the Philippines, 1983 WS,

Grain vicld? (t/ha)

Location :':lot; Sites Grain yicld? (+/ha)
" NPK PK NK NP Location Flevation oHtes
M) NPK PK NK np
Tarlac 10 6.2 S5 b 6.0 a 6.0a
Camarines Sur Tarlac Low N 37a 3.0 b 34ab 3.6 ab
Libmanan 3 33 34, 31y 3.2a Tarlac High S 474 42 b 450 4.7,
San I'ernando 13 5.2 4.1 ¢ 4.6 b 504 Camarines Sur
a) followed t | enificant] Libmanan Low 3354 33a 30a 35a
N a row, means followed by a common fetter are not significantly San Fernando  Low 6 442 50a 443 464
iffere . > Y Noeve . T. Fertili- oy . " ° * *
ﬂlf&/r,::l_l‘::dt:‘; :71'}(1;1\;? by DMRT. Fertilizer levels: 80 kg N/ha, 13 San Fernando Intermediate 8 47a 48a 4.6a 4632
§ P> KR & San Fernando  High 6 44a 422 4521 45,

L . . “In a Tow, means followed by a common letter are not significant|y
Fertilizer use cfticieney depended largely on water avail- different at the 5% level by DMRT. Fertilizer levels: 60 kg N/ha, 13

ability during the rice-growing period. Trials at the K& P/ha, and 15 kg K /ha,

Libmanan sites in 1981 and 1983 underwent alternate

wetting and drying at various growth stages, resulting in drying and reflooding, hence N loss through sequential
similar low yields for all treatments (Table 6.8). Irregular nitrification and denitrification (Macrae et al 1968,
rainfall distribution in rainfed ficlds caused frequent Ponnamperuma and Ikchashi 1979).




IRPS Wo. 132, October 1988 9

Table 9. Yield response to N, P, and K application on broadcast seeded and transplanted rice on rainfed farms in 3 study areas in the Philippines,

1984-86 WS,
Crop Sites Grain yield¥ (1/ha)
Province establishment ’( no‘ )
method ’ No fertilizer N NK NP NFK
1984 wet season
Nucva Lcija Broadcast seeded 1 KIS IS 4.7 ab 4.5 ab 494 4.6 ab
Transplanted 8 2R 4.8 4.6 4.6 4.7
Camarines Sur Broadeast seeded 6 33 4.5 4.7 47 4.7
Transplanted 2 4.2 4.8 4.7 5.2 5.5
1983 wer season
Nueva Ecija Broadeast seeded 1 31l b 4.0a 384 40a 3.7 ab
Transplanted 12 4.2 5.2 5.1 5.4 5.3
Camarines Sur Breadeast seeded 8 1.8 d 22 ¢ 22 ¢ 2.7ab 29a
Transplanted 6 2.8 3.7 3.8 3.9 4.1
1986 wet season
Tarlac Transplanted 7 36 b 4.8a - 48a 50a
Camarines Sur Transplanted 8 4.1 b 524 56a 55a

In a row, means followed by a common letter are not significantly different at the 59 level by DMRT. DMRT for some is not shown due to
farm-to-farm variability. I ertilizer levels: 60 kg N/ha, 13 kg P/ha, and 28 kg K/ha.

Adverse weather also alfected  fertilizer efficiencey.
Typhoons it the trials in San Fernando in 1982 (low
arca) and 1983 (all sites). resulting in a poor response to
complete fertilizer application (Table 7.8). In 1984-85 WS
i Nueva Eetja and in 1986 WS in Tarlac, N was limiting
in both BSR and TPR. At new sitesin Piliin 1984-85 WS,
N and P appeared hmiting (Table 9).

In P-deficient soils in Camavines Sur, P deficiency
symptoms appeared in BSR and TPK. Applying 13 kg
P/ha gave an additional vield of 0.8 1/ hainY of 24 trials in
Libmanan, 1.2 t;ha in 11 of 57 trials in San Fernando,
and 0.8 t,ha it 9 of 22 trials in Pili (*ig. 5). All sites
responsive 1o had Olsen soil I values below the 10 ppm
critical limit snpgested by Ponnamperuma (1979) for a
productive lowland rice soil.

Across all arcas, K application (25 kg/ha) did not
significantly increase yield, suggesting that farmers may
keep production costs down by not applving K. Results
suggest that only N should be applied in Nueva Ecija and
Tarlac, whereas N and P should be applied in Camarines
Sur to improve yields.

Response 1o increasing levels of applied nitrogen. 1n
1981 WS at the Tarlac and San Fernando sites, applying
40 kg N/ha appeared adequate to achieve high vields
(Table 10). The farmers did not obtain any significant
response to applied N because of low application levels,
At Libmanan, yields were Jow and did not increase with
increasing N level because ol water shortage. In 1982,
when the study arcas were classified according 10 cleva-
tion, yiclds did not further increase at N rates kigher than
44 kg/ha(Table 11). The low yields ootained in low-lying
areas in San Fernando were comparable at all N rates
because of frequent flooding.

During 1984-85 WS, 30 kg N/ha fertilizer application
appearced adequate in TPR and broadcast seeded lowland

Grewn yietd {t7ha)

- - Without P
| TWih P
4
21
0
Libmanan San Fernando Pil:
(9 of 24 sites) (1 of 57 sites) (9 of 22 sites)

5. Rice vields responded signiticantly to applicd P (13 kg. ha) on rainfed

farms in Libmanan. San Fernando, and Pili, Camarines Sur, Fhilip-
pines, 1981-85 WS,

Table 10, Grain yields with farmers’ and increasing levels of applied
N on rainfed farms in 3 study areas in the Philippines, 1981 WS,

Grain yield? (t/ha)

. Sites
Location (no.)
Farmers' No 40kg BOkg
level fertilizer N/ha N/ha
Tarlac 10 530 55 b 6.1a 6.2a
Camarines Sur
Libmanan 2 28 b 344 344 33a
San Fernardo 13 43 b 41 b 49a §52a

a s

In a row, means followed by a common letter are not significantly
different at the 5% level by DMRT. Farmers’ level of N (kg/ha):
Tarlac = 13, Libmanan = 0, San Fernando = 12,

rice at the new sites in Nueva Ecija and Camarines Sur.
Rates higher than 30 kg N/ha gave only modest yield
increases (Table 12).

Response 1o zine applicazion. In Tarlac, IR36, IRS0,
1R56, and IR60 were grown by most of the cooperating
farimers; in Camarines Sur, IR36 and IR56; and in Nueva


http:Ntie\.ia

10 IRPS No. 132, October 1988

Table 1. Grain yields with farmers® and increasing levels of applis

d N on rainfed farms in 3 study areas in the Philippines, 1982 WS.

Grain vield? (1/ha)

. . . Sites
Location Idevation (no.) —_—— —
’ [Farmers® level 20 kp N/ha 44 kg N/ha 58 kg N/ha 87 kg N/ha

Tarlac Low ) 3o 4.6 4.8 4.8 4.9
Tarlac High 9 3.0 b 44 b 4.9 4 4.9 50a
Camarnnes Sur

Libmanan Low 7 18 ¢ 44 b 4.5 ab 4.8 ab 4.9

Libmanan High N 33 ¢ 41 b 4.3 ab 4.3 ab 4.7a

San Fernando Low S 3.3a 3.7a 3.7a 38a 3.7a

San Fermando Intermediate 10 4.4 d 4.9 ¢ S3 b 5.5 S.7a

San Fernando High 9 35 ¢ 45 b 4.8 ab S5.04 5.0a

a .
In a row, means follow ed by a common letter are
clevation = 32, high elevation

elevation - 2,

Table 12, Grain yiclds at increasing leve
pines, 1984-85 WS,

not significantly different at the 597 level by DMRT. Farmers” fevel of N (kg/ha): Tarlac, low
23 Libmanan, low elevation = 8, high elevation

= 13 5an Fernando, low elevation 6, intermediate = 14, high

Is of applied N on broadcast seeded and tronsplanted rice on rainfed farms in 2 study areas in the Philip-

N NI S
' (p)p Sites Grain yield” (t/La)
Provinee establishiment (no.)
method ' No fe tilizer 30 kg N/ha 60 ke Noha 90 kg N/ha
1984 wet season
Nueva Ecija Broadeast seeded 1 KN 4.1 4.6 4.8 2
Transpianted 8 3.8 4.3 4.7 +.8
Camarines Sur Broadcast seeded 6 3.3 4.3 4.7 4.9
Transplanted 2 4.2 54 5.5 5.5
1985 wet scason
Nueva Ecija Broadcast seeded 1 310 3.5ab 3.7 ab 38a
Transplanted 12 4.2 5.0 55 5.1
Camarines Sur Brouadcast seeded 8 1.8 2.6 2.9 2.9
Trunsplanted 6 2.8 3.8 4.1 4.2

n arow, means followed by a common letter are not significantly different at the 55 level by DMRT. DMRT for most is not shown because
of farm-to-furm variability.,

Ecija, IR36 and IR60. While Ponnamperuma (1979)
suggested that productive lowland rice soils should
contain at least 1.0 ppm available Zn, available Zn in the
soil at almost all sites was below 1.0 ppm. Zinc applici-
tion, cither as a scedling root dipin 26 ZnQ suspension or
as basal incorporation of 5-20 kg ZnSO4/ ha, gave no 41—
additional yicld over the untreated check (Fig. 6).

High soil pH is also a characteristic of Zn-deficient
soils. Sites with pH 6.8 and higher were found mainly in

Grain yield (Vha)

Without Zn
With 2n

2 —
San Fernando (20 of 57 sites), particularly at low
clevation, and in Nueva Ecija (8 of 25 sites). IR36. IRS0,
IR56, and IR60 grown on soil with pH below 7.0 did not 0

Camarines Sur
(av of 108 sites)

Tarlac
(av of 53 sites)

Nueva Ecija
(av of 13 sites)

respond to applied Zn even though the soil Zn content
was below 1.0 ppm. Cayton et al (1984) suggested that
critical levels of available Zn based only on soil tests must
be reinvestigated, since varietal differences, the supply of
certin nutrients, and the chemis.ry of irrigation water
affect soil Zn kinetics and plant Zn metabolism.

6. Yields with and without Zn application in 3 rainfed arcas in the
Philippines, 1951-86 WS,

In 1982 'WS, researchers’ split-applied PU and deep
point-placed USG gave similar yields, irrespective of N
rate, site, and clevation (Table 13), Drought stress during
the reproductive phase affected the afficiency of both
rescarchers” split-applied PU and deep-placed USG in
Tarlac and in high areas at the Iibmanan sites. In San

Alternative technologies to increase nitrogen use
efficiency

Aragon ct al (1984) reported that severe and prolonged
water stress reduced fertilizer respense and grain yield in
rainfed trials.
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Table 13. Effect of N source and application method on grain yield of rainfed lowland rice in 3 study areas in the Philippines, 1982 WS,

Grain yicld“ (t/ha)

Tarlac Camarines Sur
Treatment”
Low elevation High elevation Litmanan San Fernando
(9 sites) (9 sites)
Low elevation  High clevation  Low elevation Intermediate clevation  High elevation
(7 sites), (5 sites) (S sites) (10 sites) (9 sites)

29 kg Niha

Researchers® split 4.6a 44 be 44 b 41 b 3.7a 49 b 44 b

application of PU

Point-placed USG 4.6a 42 ¢ 4.7 ab 4.4 ab 38a S.bb 43 b
38 kg Niha

Rescarchers’ split 4.8 4 4.8 ab 4.8 ab 43 b 38a 5.5a 5.0a

application of PU

Point-placed USG 4.6 a 4.8 ab 5.0a 4.6 ab 3.8a 5.6a 50a
87 kg Nfha

Researchers’ split 49a 5.0a 49a 4.7 ab 3.7a 57a 5.0a

application of PU

Point-placed USG 4.8a 50a 5.0a 4.9 a 3.7a 56a 4.9

Yna column, means followed by a conmumon letter are not significantly different ot the 5% level by DMRT,

"I’U = prilled urea applied as 2 basal

and incorporated without standing water, and % at 5-7 d before panicle initiation; USG = urea supergranules hand-placed at 10- to 12-cm soil

depth at 2-4 d after transplunting.

Table 14, Yield performance of point-placed USG at 2 insect control tevels on rainfed farms in 3 study arcas in the Philippines, 1932 WS.

Grain yiclé? (1/ha)

Insect control Tarlac Camarines Suvr
level
Low clevation High clevation Libmanan San Fernando
(9 sites) (9 sites)
Low clevation  High elevation  Low elevation Intermediate clevation High clevation
(7 sites) (5 sites) (§ sites) (10 sites) (9 sites)

29 kg Nfha

[Farmers’ 36 ¢ 3.6 d 40 ¢ 38 ¢ 29 b 4.7 ¢ 4.1 ¢

Researchers’ 4.6 ab 42 be 4.7 ab 4.4 ab 38a 5.1 b 45 b
58 kg Nfha

Farmers’ 43 b 4.1 «d 44 be 4.2 be 30 b 52 b 44 b

Researchers’ 4.6 ab 4.8 ab 5.0a 4.6 ab 38a 56a 50a
87 kg Nlha

IFarmers’ 41 b 40 «od 45 b 4.4 ab 32 b 52 b 46a

Rescarchers’ 48a 50a 50a 49a 37a 5.6a 49a

“na column, means followed by a common letter are not -_-nificantly different at the 5% level by DMRT.

Fernando, low and comparable yields in the low-lying
arcas were due mainly to frequent flooding.

The quality of insect control also influenced the per-
formance of deep-placed USG. Deep-placed USG with
researchers’ insect control generally gave higher yields
than did USG with insect control at farmers’ level at any
N rate or elevation (Table 14). Insects common in the
study areas were whorl maggot, caseworm, lcaffolder,
and siem borer.

Deep placement in reduced soil is considered the most
efficient method of increasing N fertilizer efficiency in
lowland rice (Ive Datta et al 1983). This is due to low N
(urea + NH4"-N) losses evidenced by low total flood-
water N (Cao ct al 1984, De Datta 1986).

In the rainfed areas of Nuezva Ecija and Camarines Sur
in 1984-86, neither hand point-placed USG nor machine
deep-placed USG or PU was superior to researchers’
split-applied PU, where the first dose was thoroughly
incorporated into the puddled soil without standing
water, irrespective of N rate or crop establishment
method (Tables 15-17). From International Network on
Soil Fertility and Fertilizer Evaluation for Rice data from
1981 to 1983, Mamaril et al (1986) found that deep-placed
USG was better than best-split PU in only 15 of 33 N-
response trials in rainfed lowland areas in 7 countries,

In Nueva Ecija, RTV infecticn in three of five trans-
planted trials in 1984, typhoon damage on BSK trials in
1985, and early lodging during ripening caused by strong



12 IRPS No. 132, October 1988

Table 15, Effect of N souve and applic
the Philippines, 1984 ws,

ation method (58 kg N/ha) on grain yield of broadcast sceded

and transplanted rice in 2 ruinfed areas in

Grain vield” (y/na)

N source? Application method Nueva Iicija

Camarines Sur

Broadcast sceded

Transplanted Broadeast sceded Transplanted

(1 site) (S sites) (3 sites) (3 sites)
- Control 34 ¢ 33 ¢ 4.6 b 49 4
ru larmers® split® 3.8 be 38 d 53a 6.4 be
Py Rescarchers spiit! 4.5 ab 4.3 abe 52a 6.7 ab
PU Rescarchers® split® 4.7a 454 5.3a 6.7 ab
PU Spring auger ) 38 be 39 «d 4.9 ab 6.1 ¢
USG Hand pl:lccx}lcnrg 4.6a 4.4 ab 5.1a 7.0a
UsG Press wedge” 4.3 ab 39 5.0a 6.1 ¢
USG + PU Hand placement + 4.2 ab 4.0 bed S4a 7.0a

topdressing (5-7 DBPY)

apy = prilled urea, USG = urea supergranules,
by DMRT. CFor Nuevy Ecija at 10 d after
45 DAS, and at 15 and 30 DT, ¢2 equal applications: basal broadcast
before panicle initiation (DBPI). €2 equal applications: BRI without stand
seeding (DBS) for broadeast seeded rice (BSR) and
spaced 40 X 40 cm at 3-4 DBS for BSR
TPR.

Table 16. Effect of N source and
pines, 1985 WS,

hln a column, means followed by
seeding (DAS) or d after transpla
and incorporated (BBI) under farmers’ w

at 2-4 DT for transplanted rice (TPR). &Done
and among alternate 4 hills at 2-4 DT for Ti

application method on grain yield of broadcast sceded and tr

a common letter are not significantly different at the 5% level
nting (DT) and past panicle initiation; for Camarines Sur at 15 and
ater management, and at 5-7 d
ush type; application was at 3-4 d before
by inserting USG at 10-to 12-cm soil depth
was at 3-4 DBS for BSR, and at 2-4 DT for

ing water, and 5-7 DB fp

'R. "App!icutiun

ansplanted rice in 2 rainfed arcas in the Philip-

Grain yield® (t/ha)

N applied

N source? Application method

(kg/ha) Nueva Lcija Camarines Sur
Broadcast seeded Transplanted Broadcast seeded Transplanted
(2 sites) (11 sites) (§ sites) (6 sites)
- Control 0 33 d 38 2.6 e 34
PU Farmers® split© 29 3.9 abe 4.3 3.0 cde 38
ru Researchers’ splitd 29 4.4 4 4.7 2.9  def 4.3
PU Plunger auger® 29 3.8 be 4.6 29  def 4.1
USG Hand placement! 29 32 be 4.7 2.9 def 4.2
USG Uress wedgee 29 3.6 be 44 2.8 f 3.9
pU Farmers” splite 58 4.2 ab 4.6 3.1 bed 4.1
PU Researchers’ splild 58 44 a 49 3.1 bed 4.6
Usc Hand placement) 58 3.6 od 5.1 3.3 be 4.5
PU Researchers' splitd 87 4.0 abe 5.1 35a 4.8

Ipy = prilled urea, USG = urea supergranules. ?In
by DMRT. DMRT for transplanted rice (Tp;

farmers in the study areas during WS:
and 35 DAS or DT in Camarines Su
®Machine placement 3 d before seed
at 3 DBS for BSR and

at 1§ d afte
r. 42/3 bagal broadcast and incor
ing (DBS) for broadcast seeded ri

2-4 DT for TPR.

ce (B

winds in 1986 contributed to the poor efficiency of hand-
placed USG. Diought stress in 1985 in Camarines Sur
caused low yields with hand-placed USG. in both study
arcas, IRRI-designed fertilizer applicators performed
poorly, which may be attributed to cither nonuniform
dclivery rate or shallow application, the fertilizer being
not fully covered with mud.

The farmers® split application of urea was generally
inferior to the researchers’ split and to hand point-placed
USG. Aragon et al (1984) reported similar observations.

Broadcasting N fertilizer into floodwater results in
extensive N losses to the atmosphere through surface

a column, means followed by a con
R) sites not shown due to farm-to-farm-
rseeding (DAS) or d after
poraied without standing water and 1

mon letter are not sj
variability. CCommon
transplanting (DT) and past par

gnificantly different at the 5% level
ly used timing of N application by
nicle initiation in Nueva Ecija, at 15
/3 4t 5-7 d before panicle initiation,

SR) or at 2-4 DT for TPR. fAt10-to 12-cm soil depth, hand-placed

water (Craswell and De Datta 1980). In Nueva Ecija in
1984 WS, the researchers’ split application of PU with
bacal incorporation without standing water gave higher
yields, although not significantly, than did the re-
searchers’ split with basal incorporation under farmers’
water management (usually 3-5 em standing water)
(Table 15). In1 TPR trial, floodwater samples collected at
1400 h the day after fertilizer application contained 0.6 kg
N/ha (urca + NH4"-N) with the rescarchers’ split (good
water management) and 0.2 kg N/ha with deep hand-
placed USG. Samples with the farmers’ split application
of fertilizer, decp-placed USG by press wedge, and the



Table 17, Effect of N source and application method on grain yield
of transplinted rice in 2 rainfed areas in the Phitippines, 1936 WS,

Grain _\'icld’) (t/hay

N

Nsource?  Application method applied Nueva Camarines

(kg/ha) Ietja Sur

(5 sites) (4 sites)

- Control 0 39 ¢ 40 ¢
PU Farmers’ split© 29 19 «d 46 d
PU Researchers’ .\'plil‘ 29 5.1 be 510
PU Plunger auper® 29 47 d 51 b
USG Hand placenent’ 29 S.2ab 149 be
USG Press wedge! 29 48 4 47 od
Py Farmers' split” 58 50 ¢ 4.8 bed
pU Rescarchers” splig 38 3.3 ab Sha
usG Hand placement’ 58 Se4a S.6a
PU Rescarchers” split’ 87 Sdu 5.6

dpy = prilled urea, USG - urea supergranules. [)ln a column, mceans
followed by a common letter are not significantly different at the
5% level by DMRT. €At 15 d after transplanting (DT) and past
panicle initiation in Nueva Ecija, at 15 and 50 DT in Camarines Sur.
‘12/3 basal broadceast and incorporated without standing water, and
1/3 at 5-7 d before panicle initiation. “Machine placen' 'nt at 2-4
DT JAt 10- to 12-cm soil depth, hand-placed st 2-4 DT,

Total floodwater N (kg/ha)

1T - T o
bt < Control |
A ) | '] USG +PU, appied by bond
® P, tarmers spht ‘ Deep pla~ement
Researchers spht i ® PU tyy maching
6 ¥ PU with farmars water 0 USG by hand
t | Y
manngement | IS h
¥ Pl with researchers / ¥ USG by machine
waler rnanagement I
ar |
I
2r 11_31)005“66) | L
! [
O -
1 1 t i 1 — ] 1 1
1 2 3 < 5 1 2 3 q 5

Days after fertilizer application

7. Total Noodwater N ONHL =N+ area N at 1400 hoas alfected by N
source and apphcation method on o ramfed tarm in Nueva Fea,
Philippines, 1934 WS PU priiled urea, USCG o urea supergranules.

researchers’ split with standing water during basal in-
corporation of urei contained 8.0, 6.5, and 2.5 kg N/ ha,
respectively (Fig, 7), suggesting high N losses, presumably
through NHj volatilization, with these methods. These
results were similar to those observed at IRRI under
irrigated conditions, emphasizing the importance of
proper water management and basal incorporation
before transplanting in increasing N use efficiency in
lowland rice (De Datta 1986).

CONCLUSIONS

The farm-level constraints and fertilizer management
rescarch on transplanted and broadcast seeded shallow
rainfed lowland rice from 1981 in Tarlac and Camarines
Sur to 1984 in Nueva Ecija found the following:
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® Low fertilizer application level or inefficient timing
was the major constraint to high vield in TPR at the
Turlac sites, and in both TPR and BSR at the
Camarines Sur sites. At the Nueva Eeyja siwes, the
major constraints were poor insect control for TPR
and poor weed control for BSR.

® The carlv-maturing promising breeding lines IR32307-
107-3-2-2 and 1R13240-108-2-2-3 can be grown in
drought-prone farms to improve rainfed rice produce-
tion.

® At the Tarlae and Nueva Ecija sites, 30-45 kg N/ha
can produce high vields, provided that the fertilizer
application is timely, with the basal N dose
thoroughly incorporated into the mud without
standing water. Farms at the Camarines Sur sites
need both N and P to increase vields.

o [R36, IRS50. IRS6, and IR6Y grown on soils with pH
below 7.0 gave no response o applied Zn, even
though the available Zn content was below the 1.0
ppm critical level.

® [n normal or adverse weather, the reseatchers” split-
applied PU is as efficient as deep hand-placed USG.
Generally, the rescarchers” split s superior to the
farmers’method and to deep placement by machines.
These farm-level results are highly relevant, since the
Philippines” dependence on purchased inputs has
caused considerable concern at all levels.
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