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ABSTIACT 

In 198 1, the farnm-levcl const ra.ints rcscarch initiated by IRRI in 1974 shifted 
its eruphasis Iro in irrigated rice te rainfed lowland rice. Experiments were 
conducted in farmers' fields in Tarlac (1981-83, 1986), Ca marnes SLIr (1981­
86), and NUfea Eci.ja (1984-86) to measure thc yield gap between farners' and 
researchers' input,<S, Cuitanlify mafior constraints, and identify appropriate
fertilizer manageIcnt practices for rainfed lowland rice. 

Yields oftransplan tel rice ( IPR) wit h rescarchers' inputs at ie Tarlac and 
Nuleva Fcija sites averaged 4.9 1 ia: in (inariles Str, the average was
5.0 t hi. Fiarliers' inputs gIe vields I. I-1.6 t ha lower than did researchers' 
inputs. 

Broadcast seeded rice (13SR) yilded lower than did TPR. Lut yield gaps 
were similar to those in TPRZ. 

Low N fertili/er level and inefficient timing of application were the major
yield constraints in TPR in Tarlac, and inll PR and 13S I in Camarines Stir. In
Nueva Eci.ja, the iaijor constri its were o'rlinsect control for'l'PR and poor 
weed control for 13SR. 

Among the inprovetd rice!; tested, only the early-naturing, promising
breeding line IR323( 7-107-3-2-2 was sipcror to farmers' varieties---pre­
domiiantly IR60 (Tarlac) and IR 36 ,Camnarines Stir). The Tarlac and Nueva 
Ecijia sites responded significanilv to N application. Applving30-45 kg N/ha
produced high yields when the f-rtilizer was applied basally and thoroughly
incorporated into mud without staid',ng water. The Camarines Sur sites
needed N and 1)fertilizers to increase yields. Acrcss sites, response to applied
Zn, either by dipping seedling roots into 2.% Z;O suspension or bas! 
incorporation of 20 kg ZnSO,,'ha, wis not obscrvect in fR36, IR50, IR56, and 
IR60 growii on soils with plH below 7.0, althbough the available Zn content was 
below the 1.0 ppin critical level. 

Researchers' split-applied prilled urea was a. crficient as deep hand-placed
Urea supcrgranules. Yields with researchers' split were superior to those with 
farmers' method and machine deep placement. 

Principal scientist and head, senior research assistant, senior research assistant, and research assistant, Agronomy Department, International Rice 
Research Institute, P. 0. Box 933, Manila, Philippines. 
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Shallow rainfed lowland rice, grown mostly in South and 
Southeast Asia (Barker and Herdt 1979), occupies about 
one quarter of the world's rice area (Herdt and Palacpac 
1983, Huke 1982). The impact of modern rice technology 
on these areas has been sporadic because research over 
the past decades has centered on irrigated areas. In the 
Philippines, 4 1( of the total rice arIa is rainfed: only 2 
decades after the release of the first high-yielding variety, 
IR8, 82("j of the countrv's 1.3 million ha of rainfed 
riceland was planted to modern varieties (M Vs) (Table I ). 

Despite tile widespread .0.option of M\s, icld, in 
rainfed environments arc still low. ranging from 1.2 to 
2.4 t/ha. Several factors account for this slow progress, 
but an important constraint is the scarce reseawch in this 
area (Barker and Herdt 1979). 

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

Research on constraints to high yield in farmers' fields 
in the Philippines showed that insufficient fertilizcr or 

inappropriate fertilizer management accounts for one­
half to two-thirds of the gap between actual and potential 
irrigated rice yields (De Datta et al 1979). Soil, variety, 
season, time of planting, water management, pest and 
disease control, cropping sequence, and fertilizer sources 
are the other factors affecting fertilizer use efficiency (De 
lDtta 1981). Since rice is usually transplanted, fertilizer 
managemenl in irrigated s; luations can be adopted in 
shallow rainfed lowlands (Goswamicit al 1986). 

'e farm-leve! constraints research initiated in 1974 
was addressed primaril\ to irrigated rice-growing envi­
ronments. In 1981, emphasis shifted to rainfed envi­
ronments because of the increased attention given to 
shallow rainfed rice production. Identifying and quanti­
lving the major factors responsible for the yield gap 
bet ween farmer;' and researchers' inputs, and evaluating 
alternativ, technologies 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 the 
Philippines. 

Table I. Rainfed rice areas, percent planted io modern varieties, and average yield of rainfed rice in the Philippines. 

Rainfed lowland rice area 

Region 
Total 

rice area 
(thousand ha) 

Area 
(thousand ha) 

Percent of 
total 

Percent planted 
to modern 

Average yield 
(t/ha) on 

llocos 
Cagayan Valley 
Central Luzon 
Sruthern Tagalog 
Bicol 
Western Visayas 
Central Visayas 
Eastern Visayas 
Western Mindanao 
Northern Mindanao 
Southern Mindanao 
Central Mindanao 

Total 

Source: Bureau of Agricultural 

rice area \arieties rainfed farmis 

326 144 44 80 1.7 
68 22 72 1.5305 

2.1 
376 163 43 85 1.9 
304 122 40 88 1.6 
445 274 62 95 

401 128 32 96 

2.2 

105 67 64 71 1.2 

191 112 59 79 1.5 

135 48 36 82 2.1 
115 26 23 94 2.1 

186 52 28 84 2.0 
34 60 2.4251 86 

41 82 1.9i,140 1,290 

Economics, Philippines (1984). 
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MATERIAI.S AND METHOI)S 

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

Yield constraints in transplanted and broadcast seeded 
lowland rice 
The yield constraints experiment determined the yield
gap between Ifarmers' and researchers' inputs and the yield 
gap contributions of fertilizer, insect control, and weed
control. 

The nin i factorial approach used consisted of, treat-
ments equal to two more than t lie nUmbcroffactors being
tested: one treatment with all factors at high level, one 
with all factors at farmers'level, and others having all but 
one factor at the high level. Other management and
cultural practices were at farmers' levels. All farmers' 
inlputs and practices were recorded and calrefullv siriu-
lated in the plo's. Researchers' input levels are given in 
Table 2. 

The yield pcrformances of a very earl'-maturing 
MV (IR58) and early-maturing (IR'32307-107-3-2-2)
and medium-maturing (IR 14753-49-2, IR 19431-72-2, 
iR 10781-75-3-2 2, and IR 13146-45-2-3) promising breed-
ing lines were comparcd with those of farmers' varieties,
The test variety was added as a separate treatment grown
with farniers' and rescarchors' inputs or with researchers' 

Table 2. Average input le; 

Crop 


cshtablishment 
 tIput level
niLtlid 

Transplanted Farmers' 
Transplanted Researchers' 

Broadcast seeded Farmers' 
Broadcast seeded Researchers' 
Transplanted Farmers' 
Trainsplaited Researchers' 

Broadcast seeded Farmers' 
Broadcast seeded Researchers' 
Transplanted Farmers' 
Transplanted Researchers' 

Broadcast seeded Farmers' 
Broadcast seeded Researchers' 
Transplanted Farmers' 
Transplanted Researchers' 

els on broadcast seeded and transplanted rices in 3 Philippine provinces, 1981-86 WS. 

aAverage of mechanical (M) v'eedings by hand and chemical (C) applications. bAveragecllorpyrifos, etc.) and granular (G)applications (carbofuran, etc.) to floodwater. 
no. of foliar (F) 

no. 

Sites Fertilizer (kg/ha) Weed controla Insect control b 
(no.)
 

N I' K 
 M 

Tarlac (1981.83, /986)37 32 6.2 6.6 037 60 13.2 24.9 1.0 


CainarinesStir (Lihnianan and San Fernando sites, 1982)7 3 0 
7 

29 
29 

14 
14 
5 
5 

5 
5 

27 
27 

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

A separate experiment during the 1986 wet season 
(WS) evaluated the yield performances of five drought­
tolcrant, promising brecdinglines(IRII1418-15-2,I R21015­
80-3-3-1-2, IR13240-108-2-2-3, IR21567-18-3-1, and 
IR26894-37-2-1-3) grown with farmers' (FCP) and 
researchers' (RClI) 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 applied N, P,K,and Zn was determined 
in a replicated R1I). Nitrogen rate varied from 30 to 90
kg; ha, applied in 2 eq nal split (loses one-half basally
broadcast and incorporated (13131i) thoroughly into the 
inud without standing water, and the remaining half at
5-7 d before panicle initiation ()3P1l). Phosphorus (13 kg
P ha) and K (25 kg K,ha) were BI into the mud 
without Standing water. Zinc treatment consisted of
dipping seedling roots into 2el ZnO ,uspension before
 
t ransplarting, or basal incorporation of 20 kg ZnSO 4/ ha.
 
Cultural practices were don,_- at researchers' levels. 

Alternative technologies to increase nitrogen use 
efficiency 
In 1982 WS, researchers'split application ofprilled urea 
(PU) was compared with urea super-ranules (USG) deep
point-placed, and the effectiveness of deep point-placed 
USG was evaluated under fariers' and researchers'levels 
of insect control. In 1984-86 WS, fertilizer deep place­

0 0.4 
58 13.2 
10 0.4 
52 13.2 

CamarinesSur (Pillsite, / 984-85)30 0 
60 13.2 
11 0 
54 13.2 

Nueia Ecija (1984.85)47 12.8 
60 13.2 
61 6.2 
60 13.2 

24.9 
1.7 

24.9 

1.0 
0.6 
0.8 

0 
24.9 

0 
24.9 

0.5 
1.1 
0.2 
0.8 

1.7 
24.9 

2.5 
24.9 

0 
1.0 
0 
1.0 

C I G 

0.2 1.8 0.1
 
1.0 3.1 1.9
 

1.7 1.0 0 
1.9 2.6 1.7 
1.3 2.3 0 
1.0 2.4 1.8 

0.7 1.7 0 
1.3 3.5 2.2 
0.6 0.6 0 
1.0 3.2 2.2 

1.0 1.0 0 
1.0 2.8 2.6 
0.5 1.5 0 
1.0 2.7 2.5 

sprays (monocrotophos, azinphos, 
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mient by International Rice Research Institute (IRRI)- broadcast seeding onl puddled fields were practiced at 
designed machines--- press wedge for IJSG and spring other sites. 
auger for PU in 1984, and plunger auger for P1) in 1985 The researchers' levels of inputs at all sites and with all 
and 1986---was evaluated in addition to farmers' and crop establishment methods were considerably higher 
researchers' split PU and hand point-placed USG. than those used by the farmer-cooperators (Table 2). 

Deep placement of USG by hand and of PU and USG Canarines Sur farners applied very little or no N, and 
by machines was done at 2-4 d after transplanting in TPR little or no P and K. In Tarlac, farmers applied only about 
and at 3 d before seeding (DBS) in B'R. USG placement half the N rate used by the researchers. In Nueva Ecija, 
by hand wasdone by insertingthe fertilizer at 10-to 12-cm farmers and researchers at TPR sites applied similar 
soil depth in the center of 4 hills for T'PR, or at 40- X amounts of N. 
40-cm spacing for BSR. The farners' timing of N To control weeds, farmers in Nueva Ecija used mainly 
application was determined by the most common farmers' chemicals, more on BSR than on TPR. At three sites in 
practice during the preceding \'ear. For researchers' Camarines Str, farmers used mechanical and chemical 
timing, N was applied in 2 equal split dosc.: one-half BB I weed control. Most farmers in Tarlac left their fields 
into mud without standing water at I d or just before unweeded. 
transplanting or at 3 I)BS, and the remaining hialf at 5-7 To control insects farmers at all sites sprayed foliar 
DBP1. insecticide at 0.6-2.3 average applications, avoiding the 

All treatrnents received basal appiications of 13 kg more expensive granular insecticides. 
P/ha and 25 kg K: ha. Weed control and insect control ('ottrihutions of'test inputs to tiw' yieldgap. In TPR, 
were done at researchers' levels, while other practices the researchers' yields averaged 5.0 tl'ha at all sites 
were at farmers' levels. lhe experiment followed t (Fig. 1-4). The farilers' amerage yields were 1.1 t/ha 
RCBD. (Nueva Ecija) to 1.6 t ha (Tarlac and Pill) lower. 

Before treatment, soil sample!; collected from tre Lipper In broadcast seeded flooded rice, the researchers' 
15-cm soil liver in several sections of the experimental average yields ranged from 4.2 t ha (l.ibrnanan and San 
area were analyzed for chemical and physical properties. Fernando) to 4.4 t ha (Nueva Ecija) (Fig. 2-4). The 
A researcher stayed in the study area to monitor farmers' average yield gap varied from 1.2 t/ha (Nueva Ecija and 
practices and prevailing conditions. :'ili) 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
buted to 50-80/,1 of rice yield improvement at those sites 

Fertility of test Foils (Fig. 1-3). At TPR sites in Nueva Ecija, where rice tungro 

Ponnamperuma (1979) Auggested that a productivc low- virus (RTV) infection was a problem in 1984, improved 

land rice soil should contain at least 0.2% total N, 10 ppm insect control gave the highest contribution (55%) to the 

available P,0.2 meq exchangeable K/ 100 g soil, and 1.0 
ppm available Zn. Grain yield (t/ha) 

The chemical characteristics of tile test soils varied 
within and among study areas. All sites in Central L.uzon 
(66 in Tarlac and 29 in Nueva Fci.fa) we e N-deficient, 6 Flarhers'inpuls 

with values ranging from 0.04C; to 0) 14%), total N. --- nsrhosits 

Exchangeable K was generally adequtatc at the Nueva weed control Fertilizer 

Ecija sites mt deficient at most of the Tarlac sites. 12'/ 50% 

Available P was deficient at 19 sif'es in Nueva Ecija and 30 4 
sites in Tarlac, and available Zn was critically low in both 
study areas. The study areas in Libmanan. San Fernando, A 

and Pili (Camarines Sur, in the Bicol region) were 
generally rich in soil N but deficient in P and Zn. 2 / 

ontrolYield constraints in transplanted and broadcast seeded Insect 
38% 

No offarms 39lowland rices YiCldgap 1 6 ltta 

Farmers'level of inputsandprac:ices.Water buffalo were 

used by farmers for land preparation mainly in Tarlac and 

in Libmanan qnd San Fcrnando; in Nueva Ecija and Pili, I. A\c'age yields with farmers' and researchers' inputs and relative 
cntribudons of ertili/er,weed control, t id insect control to improved 

water buffalo and hand tr actors were used. Transplanting rice yields ttn transplanted rainfed farns in Tarlac. Philippines. 1981-83 

was common in Tarlac, whereas transplanting and ad 1986 \VS. 
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I. I t/ ha yield gap, while improved fertilizer management
contributed only 036g. (Fig. 4). The contribution of
improved weed control to F3SR yield varied with location,
depending on the level and quality ol' f'a weedrmers' 
control. Where 'arlers'weed control was poor, iml,.oved 
weed control gave the highest contribution (41 (fr) to tile 
1.2 t/hayieldgapin Nuieva Ecija(Fig. 4)and thesecond 
highest contribution ( 18( ) to the 1.7 t Iayield gap in 
Librianan and San Fernando I i. 2). On the contrary,
when f'armers' \%eed control was as clfrcti as tile 
researchers', as at [lie Ii1i siteN, i pr',\ed weed Control 
contributed nothing (-ig. 3). 

:rmnuu 
lines. illariers in all study, areas 

I'l(/.'IM /i'Iurnr't"'s 'ari'ie.y (//tI prrln'tm 
\were responsive to the 

adoption ofl Vs. In1981iaid 1982, 11(36 was gro\i by 
most farmers, and IR oran ked second. [In1983, the yield
performance of very early- t I58 was coripared
with that of f'ariers' varieties. [arriers inTarlac and in 
Li biranan planted mostly [(56. InSan Fernando, I152 

Grain yield (t/ha) 

...... Farmers' inpuits Transplanted
6 - esearthers' Tpuas 


Weed control 
Insec 

Inect 

4Ferlil,er 

ll67%. 

2 

No offarms 29Yield gap 1 5 Una 

0___________-__Yeld 


IR36 


6 


Broadcast seeded 
ict conlrol 

6% 
Weed 

control 

18% 

76% 

No offarms 7 
Yield gap: 17 t'ha 

IR36 & IR50 
2. Averag yivlds with tlarrrts' arrd resarchers' input: and rel. ivecontributions of fcrrili/er. scdctlrcent
rot. ad insect conrol to improved 
riceyields ol transplanted and hroadcast seeded rainfed farms inLibmianan ;,rid Fernando. 'mariier. SutS";an 
 Philippines. 1982 WS. 

was the dominant variety grown at low elevation, IR36 at 
intermediate elevation, and IR56 at high elevation. In 
libnanan, IR58 yielded significantly lower than did 
IZ56 with [(' and RCP. In low areas in San Fernando,
1R 58 and IR52 yields were comparable; but at inter­
mediate and high elevations, 11,58 yielded significantly
lower than did IR36 and IR56, but only with FCP.
Results in 'rlhc also sho\ed rio vield advantatgeof IR58 
over farmers' varieties (Table 3). Rat and bird damage
lurthcr contributed to the poor performance of IR58,
which was du n1rain lV to its shorter growth duration than 
th! )'Ithe falmers' varictics. 

'cdi ti r-mattr rig, drought-tolerant promising lines1104753-49-2, IR19431-72-2, IR1078 1-75-3-2-2, and 
1I3 146-45-2-3, tested in 1984 arid 1985 \VS in Nueva 
Eciaand ilPil, were not superior to farmers varieties
 
(most lv I1136 arid IR56). irrespr'Ctive of crop establish­
ment and site (Tahle 4). They matured inore than 2 wk 
later than did fariicrs' varieties. ILow yields were due to 
typhoon, rat. arid hird damlnagc. 

Grain yield (t/ha)[ 
Farmers'inputs 
 Transplanted 

- 'searchers inputs6 

V3 Weed control 

22% Ferllrzer 

4 

2/ 

Insect conrrol
26% No of farms 5 

gap 16:,tha 

0 

6
 
6 

Broadcastseeded 
Insect control 

%
 
20% 

.Fe
 

80% 
No. of farms 14Yield gap: 1.2 t/ha 

0 

3. Average yields with farmers' and researchers' inputs and relative
contributions of feruilier. weed control. and insect control to increased 
rice yields on transplanted and broadcast seeded rainfed farms in Pili,Canarinries Sur. Philippines. 1984-85 WS. 
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Grain yield (tlha) In 1986, early -matuLi ring, drought-tolCrant I R32307­

SI107-3-2-2 was tested in Tarlac and ('andrines Sur. It 
6.. l-aies puts significantly on tyieldcd the 'arnrs' varieties, all havingi Transplanted 

- similar growth dlurations I able 4). The results suggest 
I Weed contiolW nthat growth duration, particularly fheld duration, should 

be conside,-ed w\hen ,comparing two or nlorC varieties in 
55% fillels, field.
 

4 FYe hi p el-wri t~ lla m c' 1/it mn i i,i' hr ci i Iit s. it 1986 
W. ,yield pCrfo rmancCs of five othcr Carly-maturin a nd I 
d rough -toler, t11promising breed ing lines \%ith -K'Pwere 

comlpared \with those %iith RCIP on drouttght-pronle farms 
,2 e d: inTarlac and (.nlialine . Sill.[ S 

36. The test rices Ipe0rlorrTd better \ith R('1) thall With 

Noo,, ;I In hoth airas. I R lG,-2-2-3 Niekled([able 5). "13240-
Yillt(p t the h1ighCst rcgardlCss ot cultulral practices. In larhac, 

-0-- ho'veci, the 5.0 1 ha yield oif IR21567-18-3-1 with RCII 
did not significantlv dilHer from that of IR 13240-108-2-2­

6 .. . . . .3. I11418-15-2 also peirloincd \well in both areas. 
Broadcastseeded IR26894-37-2-1-3 perlorend %,,ellin ('amarines Sur but 

tISeCt COrltfoI 
24 yiCldCd theC lo est in larla bcause of its susceptibility to 

Weedcontrol brown,spot ard neck hlast. Sheath blight and bacterial 

4 -- leafstreak infections on IR21015-81(-3-3-1-2 and IR21567­
i 18-3-1 in(amarines Silr aio caused lo yields. 

Yield response to fertilizer apl)lication 

2 l)spon.v' to nitogen phosphoru., potassium.),t, anI 
During 1981-83 WS. P1and K applications without N 
significantly reduced yilds in Tarlac and Camarines Sur 

Yield g I 2tha (Tables 6-8 ). indicating that N \as limiting. Ak bar et al 
0--(1980 ) reported that more than 75(1 of the riccland in 

Southeast Asia is N-deficient. Removal of K did not 

4.AvCrage .sild, stitl hlllue, and eCarcherS' inpLs and rlatIe redtrce yields. hut remiovai of P did significantly at the 
conttibuitt, ollcrtilicr. \ced ,-ontrol, and insect control to inlipmhcd ILibnanan (low elevation) and San Fernando (inter­
rice . itlds oiiranplailcd and btiadcai scded rained tarnis i i e i Table 7). 
Fjcija, I1984-85 mediate elevation) sites (Philippinc. WS. 

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

Grain yield (t/a)Sites Cultural 
Location Elevation (no.) practice Farmers' varietya Test variety b Difference 

Farlac Low 6 Farmers' 2.8 2.4 -0.4rns 
Tarlac Low 6 Researchers' 4.7 4.5 -0.2ns 
Tarlac High 6 Farmers' 2.8 2.5 -0.3ns 
Tarlac High 6 Researchers' 4.5 4.2 -0.3ns 

Camarines Sur 
Libmanan Low 2 Farmers' 3.4 2.8 -0.6" 

Libmanan Low 2 Researchers' 4.3 3.1 -1.1" 
San Fernando Low 4 Farmers' 5.1 4.8 -0.3ns 
San Fernando Low 4 Researchers' 5.2 5.6 -0.4ns 
San Fernando Intermediate 6 !Farmers' 4.7 3.4 -1.3" 

San Fernando Intermediate 6 Researchers' 4.4 4.3 -0.1ns 
San Fernando High 8 Farmers' 4.4 3.3 -1.1 * 
San Fern'ando High 8 Researchers' 5.0 4.9 -0.Ins 

aDominant farmers' varieties: Tarlac = 1(56 for both elevations; Libmanan IR56; San Fernando tR52 for low elevation, 11(36 for inter­

mediate elevation, and IR56 for high elevations. hTest variety for all sites = IR58. ns = not significant at the 5% level by DMRT. = significant 
at the 5% level. 
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Ta)le 4. Yields of farmers' and test varieties on rainfed farms in 3 study areas in lie Philippines, 1984.86 WS. 

Province al 
 Sites ])t)uinatnt Grain yield It/ha)lnethod (no.F farmers' varet 
reietyvarietya Difference 

Nueva lcija llroadCast seeded 	 /MY4 wet Seasonl3 IR36 4.6Transplanted 	 3.2 - 1.4*
16 1R36 4.8Catnarin's Sur 	 4.8Broadcast seeded 	 Ons8 IR56 5.2Transplanted 	 5.42 	 0.2IR56 6.5 5.5 -1.0 
Nueva IX:ija Broadcast seeded 2 C 1000 

Trasplanted 8 
4.2 3.8 -. 4nsBIl'l Ri 10, IR36, 1R58 5.3Camarines Stir 	 4.3Btroadcast seeded 	 -1.0'6 IR56 

TraMsplant1 .d 	 3.3 2.43 	 .-0.9*1R36, !R56 4.1 3.4 -0.711s 
Tarlac I rallsplanted 7 / 9S6' it-0i scai.otlIR60Camarines Stir 	 5.0Trans1attt	 5.4d 8 IR36 	 0.4*5.1 5.8 0.7*alest varieties in 1'184: Nueva t:cija IR14753-4-2 and IR19431-72-2; Camarines SurIRI1078 t-75-3-2 - It 	 IR 19431.72-2; in 1985: Nueva Ecijat2,R t3146-4" -2-3: (aniarines Stir :IR 1475 3-49.2 and IR 14753-49.2,
3-2-2. its - ItotsigtIlittiLm ai level by 

It19431-722; in 1986: Tarlac and Cainarines Sur = IR 32307.107.t the 5 " iMIRI'. * - significant at the 57C level. 

Table 5. Yields of drtmglit-toleraiti promiisine breeding lines withfarmers' (FCI') and res-archers' (RCP)cultural practices oi raiifej 	
Table 7. Yield response to N, I', ai'd K applications on rainfed farmsin3 study areas in tie Philippines, 1982 WS.farms in 2 areas in tileI'lbilippines, 1986 WS. 

1)tlra 	 Sites Grain yied"I tilta)t 1otl 
Wiwi __________ Locat ion (no.)Ireetiimg line (d) larlac DuainNPK 	

--

Catiarimes Stir(4 sites) (3sites) 	 P'K NK Nil
Tarlac l.o. 7 4.8 i 3.9 1) 4.4 ab 4.6 aTarlac High 7 5.1 a 4.0 b 4 6 abI (P11 RCP [(I' 	 4.6 abRd' Camarines SurIRI 1418-15-2 10t9 4.3 b 5.1 1 2.7 1h 4.1 1) -L ib ina tt tt LowLilnianan1R2 1015-80-3-3-1.2 	 Ilig 93 6 	 4.8 a 1 c114 c 	 3 4 .5 at 3.63.9 4.64.9 c 2.5 b 3.5 	 4.2 b1) 44.6.3abIR13240-108-2-2-3 	 c SnFernanto10) 4.6 ai 5.7 i 3.0 it 4.7 a 	

Low 4 3.9 a 3.6 a 3.7 a 3.7 aSan l-ernando IntermediateIR 2 156 7-18-3-1 117 4 .3 b 	 10 5.4 a 4.1 c 4.6 b5.6 a 2.5 1 3.4 c 	 5.1 aIR26894-37-2-1.3 	 San le rnand o I r e 10ghe diat107 2.8 d 2.6 d 2.8 :tb 4.1 	 . 1 ) 4.6 a .11,n 

4.7 a 3.7 b 4.6 a 4.6 a 

ln tay cotttiii,l iffti tte followveada nieansns f oll tOinnot lettere by a . are not-by I t co mmonfett er n~tl signtifi. i rwy different at 	 row,ntatIleat ftfollowed bycan 	 differe Itts a commonte 5%level by .	 th e 5% lev e l by I)M I,T. lettere r are not significantlyM I 	 13 ig P/la, a d 25 Fe rtili le vels : 5 8 kg N /h a,kg K/ia. N rate athigh elevation sites in Lib­

manan was reduced io 48 kg/ha.
 
Table 6. 
 Yield response to N, P,and K applications onin 3 study areas 	 rainfed farmsin the l'hilippines, 1981 WS. Table 8. Yield response to N, I', and K applications, oi rainfed farms 

in 3 study areas in the Philippines, 1983 WS.

Location Stes S i ~ t e G r s~i n J I/ h a)a
(rain yiclda (taNPK PK NK NiP Locatioit 	 ya)I levation Sites ,rain yielda ('i/ha)

Nar PaK
Tarlac 	 NKCaniarines Stir 10 6.2 a 5.5 1 6.0 a 6.0 a	 
PK 

NP 
Libmanan 3 3.3 a 3.4 t 	 Tarlac3.1 a 3.2 a 	 .ow 5Tarlac iligh 3.7 a 3.0 1 3.4 abSan lernando 	 5 4.7 a 3.6 ab13 5.2 a 4.1 c 4.6 	 4.2 b 4.5 a 4 .7 ab 5.0 a Cantarins Sura 

LibmananIn a row, meins followed by a common 	 Low 3 3.5 adifferent at letter are not significantly 	 3.3 a 3.0 a 3.5 athe 5, level by tMRT. Fertilizer levels: 80 kg N/ha. 13 
San ernando L ia.kg P/ha, and 25 kg K/ha. n Fernando Low i 6 4.4 a 5.1 a 4.4 a
San Fernando High 
 4.6 a6 4.4 a 4.2 a 4.5 a 4.5 a 

Fertiljier use eleietnc\ depended largely on water avalil- "In a row , means followed by a common letter are not significantlydifferent at the 51 level by DNRT. Fertilizer levels: 6o kg N/ha, 13theability d tiig ricr-growin IPeriod. Trials at the kg P/ha, and 25 kg K/ha.Libmanan sites in 1981 and 1983 Ulderwent alternatewetting and drying at various growth stages, resulting in drying and relooding, hence N loss through sequentialsimilar low yields for all treatments (Table 6,8). Irregular nitrification and denitrificationrainfall distribution in rainfed 	 (Macrae et al 1968,fields caused frequent Ponnamperuma and Ikehashi 1979). 
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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. 

Cro p Sites (rain yield t/h a) 
Province establish.ment (no.) 

method No fertilizer N NK NP NPK 

/ 984 wet s'ason 
Nueva Fcija Broadcast seeded 1 3.1 , 4/ ab 4.5 ab 4.9 a 4.6 ab 

Transplanted 8 3.8 4.8 4.6 4.6 4.7 

Cainarines Star 	 Broadcast seeded 6 3.3 4.5 4.7 4.7 4.7 
Transplantcd 2 4.2 4.8 4.7 5.2 5.5 

1985 wet season
 
Nueva -cija 	 Broadcast seeded 1 3.1 1) 4.0 a 3.8 a 4.0 a 3.7 ab 

Tratasplanted 12 4.2 5.2 5.1 5.4 5.3 

Camarines Stir 	 Ircadcast seeded 8 1.8 d 2.2 c 2.2 c 2.7 ab 2.9 a 
Tlalisplatated 6 2.8 3.7 3.8 3.9 4.1 

19,M6 "et setall 
Tarlac I1raasplanted 7 3.6 1 4.8 a - 4.8 a 5.0 a 
Canarines Star Transplantd 8 4.1 ) 5.1 a - 5.6 a 5.5 a 

aIn a row, nieans followed by a coatnon letter are not significantly different at the 5(,, level by lMRIT. DMIVIR for sonie is not shown due to 

farn-toifarm variability. I ertilizer levels: 60 kg N/ha, 13 kg 11/ha, and 25 kg K/ha. 

Adversc ,.calher also alfected tertili/er Cflicicnc\. Grcin yield i/ho) 

l.phottns hit tile trials in Satn 'crtnado in 1982 (loss [m 
arca) and 1983 (all sites), resulting in itpoor response to 6/ 

coInp.lete fcrti:/c application ('lablc 7,8). It 1984-85 WS __:I.,
 

iitNtie\.ia Fcina tnd Ii 198(0 WS in' Iarlac, N was limiting 4 :
 

in both BSR and TPR. At new sites in Pili in 1984-85 WS,
 
N and 1)appeared limiting (I able 9). 2
 

In P-deficient soils in Catnarincs Sur, 1) deficiency: 
symptoms appea-cd in BSIR and IPR. Applying 13 kg 
P/ ha gave an additional yield of10.81 ha in9 of 24 trials in on 1-. ernd P.t. 

-Librnanan 	 Son Fernando 1311: 

Libmanan, I.1 t ha inI I of 57 trials in San Fernando, (9 of 24 sites) (11of 57sites) (9 of 22 sites) 

and 0.8 1 ha ii' 9 of 22 trials in Pili (!.ig. 5). All sites 5. R \dd. rc.pmadcd saanataeant1\ to applied 11 13kg Ia)on rainfed 

responsv, :o P* airm, il't Fernando. atnd Pili. Camarines Stir, Philip­'had Olsen soil P vxalhues below the 10 ppm ibillaian. San 

critical limit ,",gested by IPonnaanamperuna (1979) for a piie,. 1981-85 WS. 
productive lowland rice soil. 

Across all areas, K application (25 kg/ha) (lid not Table 10. Grain yields with farmers' and increasing levels of applied 

significantly increase yield, suggesting that farmers may N on rainfed farms in 3 study areas in the Philippines, '981 WS. 

keep production costs down by not applying K. Results 
suggest that only N should be applied in Nueva Ecija and Location Sites 
Tarlac, whereas N and 1)should be applied in Camarincs (o.) larmers' No 40 kg 80 kg 
Sur to improve yield:;, 	 level fertilizer N/ha N/ha 

Response to increasing levels o/alplied nitrogen. In Tarlac 10 5.3 1) 5.5 b 6.1 a 6.2 a 
1981 WS at the Tarlac and San Fcrnando sites, applying Caniarincs Sur 

40 kg N/ha appeared adequate to achieve high yields Libnanaan 3 2.8 b 3.4 a 3.4 a 3.3 a 

(Table 10). The farmers did not obtain any significant San reraado 13 4.3 b 4.1 h 4.9 a 5.2 a 

response to applied N because of low app!ication levels. ltna row, means followed by a common letter are not significantly 
different at the 5% level by DMRT. Farmers' level of N (kg/ha):

At Libmanan,yields were low and did not increase with Tarlac = 13, Libmianan = 0, San Fernando = 12. 
increasirig N level because of water shortage. In 1982, 
when the study areas were classified acc'ording to eleva­
tion, yields did not further increase at N rates higher than rice at ilte new sites in Nueva Ecija and Camarines Sur. 
44 kg/ ha (Table 11). The low yields obtained inlow-lying Rates higher than 30 kg N/ha gave only modest yield 
areas in San Fernando were comparable at all N rates increases (Table 12). 
because of frequent flooding. Resp~onse to zinc application. In Tarlac, 11R,6, IR50, 

During 1984-85 WS, 30 kg N/ha fertilizer application IR56, and 1R60 were grown by most of the cooperating 
appeared adequate in TPR and broadcast seeded lowland farmers; in Camarines Sur, IR36 arid IR56; and in Nueva 

http:Ntie\.ia
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Table 'I. Grain yields with farmers' and increasing levels of appli.,d N on rainfed farns in 3 study areas in the Illilippiles, 1982 WS. 

Location iSites ;rain ield"(Itha)levai iol ts(no.)
larmers' level 29 k,Nia 44 kil N/ha 58 ke N/haTarlac 87 kg N/haLov, 9 3.1 b 4.6 aTarlac 4.8 a 4.8 aligh 4.9 a9 3.0 1 4.4Camrines 1) 4.9 aStir a 5.0 a 

ibinanan Low 7 3.8 c 4.4 1Libmanan ligh 4.5 a1 4.8 alt 4.9 a5 3.3 c 4.1 bSai l:ernando Lov 5 4.3 ab 4.3 ah 4.7 a3.3 a 3.7 a 3.7 aSan -crnando Inteirediate 3.8 a 3.7 a10 4.4 d 4.9 cSan l'crtn'ido IHigh 5.3 1 5.5 a 5.7 a9 3.5 C 4.5 1 4.8 ah 5.0 a 5.0 aaIn a row, nieanis follo% d by a commonii letter are not significantly different at the 51/"levelelevation Iy M)M 1. 1ariters' IC'_l= 32, high clevati n 23: tihimanai, lo%%elevation of' N (kg/ha): Tarlac, low8, high clevation -- 13;San ternarido. Is eleV:aion (,, intermediate = 14, highelevation 2. 

Table 12. Grain yields at increasing levels of applied N on broadcast seeded and Irnsplanted rice on rainfed farms in2 study areas in the Philip­pines, 1984-85 WS. 

Province Cropestalblishment Sies(ieno.)nyed 
 Grain Nield" 0(./,,
Mtet hot No f' tilizer 3()kg Nha 6) ke Niha 90 kg N/ha 

Nueva Icija Broadcast seeded 1 19S4 we'lts 50so3.1 ) 4.1 a 4.6 a 4.8 ara nsl aIited 8 3.8 4.3 4.7 .8
Catiarines Stir lHoadCast sCteded 6 3.3 4.3 4.7Transplated 4.91 4.2 5.4 5.5 5.5 
Nueva Ecija Broadcast seeded 198.5 ivt scason1 3.1 b 3.5 ab 3.7 abTransplated 3.8 a12 4.2 5.3Camarincs Stir Broadcast seeded 

5.0 5.1 
8 1.8 2.9Transplanted 

2.6 2.96 2.8 3.8 4.1 4.2 
an a row, means followed by a common letter are fl;t significantly different at the 5% level b% I)IRT.of farmi-to-farmt variability. 

M RT for most is not shown because 

Ecija, I R36 IR60.and While Ponnaniprtnlia (1979)
suggested that productive lowland rice soils shouldcontain at least 1.0 pptn available Zn, available Zn in the 
soil at almost all sites was below 1.0 ppm. Zinc applica-
tion, etther as a seedling root (lip in 2%ZnO suspension or 
as basal incorporation of 5-20 kg ZnSO 4 /lha, gave no 
additional yield 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 
San Fernando (20 of 57 sites), particulark at low
elevation, and inNueva Ecija (8 of 25 sites). IR36. IR50,
I R56, and I R60 grown on soil with pH below 7.0 did notrespond 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 oti soil tests must 
be reinvestigated, since varietal differences, the supply of 
cert:tin nutrients, and the chemis':ry of irrigation water 
affect soil Zn kinetics and plant Zn metabolism. 

Grain yield (t/ha) 

6 
ithoutZn 

WithZn 

Tarlac 
 Nueva Ecija Camarines Sur 
(av of53 sites) (av of 13 sites) (av of108 sites) 

and6. Yiells \itih 'ithout iiZnapplication in3 rainled areas inthe 
Ihilippines. 11),,1-86 WS. 

InAlternative technologies to increase nitrogen 
1982 WS, researchers' split-applied PU and deepuse 


efficiency point-placed USG gave similar yields, irrespective of N 
rate, site, and elevation ('Iable 13). Drought stress duringAragon et al (1984) reported that severe and prolonged the reproductive phase affected the efficiency of bothwater stress reduced fertilizer response and grain yield in researchers' split-applied PU and deep-placedrainfed trials. USG in
Tarlac and in high areas a the Libmanan sites. In San 
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Table 13. Effect of N source and application method on grain yield of rainfed lowland rict in 3 study areas in [he Philippines, 1982 WS. 

Grain yielda (t/ha) 

Tarlac (amarines Sur 
Treatment t ' 

Low elevation Iligh elevation Lil'ianan San I:ernando 
(9 sites) (9 sites) 

Low elevat; Iligh elevation Low elevation Intermediate elevation Iligh elevation 
(7 sites). (5 sites) (5 sites) (10 sites) (9 sites) 

29 kg N/ha 
Researchers' split 4.6 a 4.4 bc 4.4 b 4.1 b 3.7 a 4.9 b 4.4 b 
application of PU 

Point-placed 'USG 4.6 a 4.2 c 4.7 at, 4.4 ab 3.8 a 5.1 b 4.5 b 

*i8 kg N/ha 
Researchers' split 4.8 a 4.8 ab 4.8 ab 4.3 b 3.8 a 5.5 a 5.0 a 
application of PUL 

Point-placed uS(; 4.6 a 4.8 ab 5.0 a 4.6 ab 3.8 a 5.6 a 5.0 a 

8 7 kg N/lta 

Researchers' split 4.9 a 5.0 a 4.9 a 4.7 ab 3.7 a 5.7 a 5.0 a 
alpplication of ilU 

Point-placed USG 4.8 a 5.0 a 5.0 a 4.9 a 3.7 a 5.6 a 4.9 a 

aln a column, means followed by a common letter are not significantly different at the 5% level by DMRT. bl'U = prilled urea applied as V/basal 

and incorporated without standing water, and /2 at 5-7 d before panicle initiation; IS( = urea supergranules hand-placed at 10- to 12-cm soil 
depth at 2-4 d after transplanting. 

Table 14. Yield performan'e of point-placed US(; at 2 insect control levels on rainfed farms in 3 study areas in the Philippines, 1982 WS. 

Grain yielda (t/ha) 

Insect control Tarlac Camnarines St,r 
level 

Low elevation Itigh elevation Libmanan San Fernando 
(9 sites) (9 sites) 

Low elevation Iligh elevatioia Low elevation Intermediate elevation High elevation 
(7 sites ) (5 sites) (5 sites) (10 sites) (9 sites) 

29 kg N/ha 
Farmers' 3.6 c 3.6 d 4.0 c 3.8 c 2.9 b 4.7 c 4.1 c 
Researchers' 4.6 ab 4,2 be 4.7 ab 4.4 ab 3.8 a 5.1 b 4.5 b 

58 kg N/ha 
Farmers' 4.3 b 4.1 cd 4.4 bc 4.2 bc 3.0 b 5.2 b 4.4 b 
Researchers' 4.6 ab 4.8 ab 5.0 a 4.6 ab 3.8 a 5.6 a 5.0 a 

8 7 kg N/ha 
Farmers' 4.1 b 4.0 cd 4.5 h 4.4 ab 3.2 b 5.2 b 4.6 a 
Researchers' 4.8 a 5.0 a 5.0 a 4.9 a 3.7 a 5.6 a 4.9 a 

aln a 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 In the rainfed areas of Nueva Ecija and Camarines Sur 

areas were due mainly to freque:nt flooding, in 1984-86, neither hand point-placed LISG nor machine 
The quality of insect control also influenced the per- deep-placed USG or PU was superior to researchers' 

formance of deep-placed USG. Deep-placed USG with split-applied PU, where the first dose was thoroughly 
researchers' insect control generally gave higher yields incorporated into the puddled soil without standing 
than did USG with insect control at farmers' level at any water, irrespective of N rate or crop establishment 
N rate or elevation (Table 14). Insects common in the method (Tables 15-17). From International Network on 
study areas were whorl maggot, caseworm, leaffolder, Soil Fertility and Fertilizer Evaluation for Rice data from 

and stem borer. 1981 to 1983, M amaril et al (1986) found that deep-placed 
Deep placement in reduced soil is considered the most USG was better than best-split PUJ in only 15 of 33 N­

efficient method of in.creasing N fcrtilizer efficiency in response trials in rainfed lowland areas in 7 countries. 
lowland ride (De Datta et al 1983). This is due to low N In Nueva Ecija, RTV infecticn in three of five trans­
(urea + NH 4+-N) losses evidenced by low total flood- planted trials in 1984, typhoon damage on BSR trials in 
water N (Cao et al 1984, De Datta 1986). 1985, and early lodging during ripening caused by strong 
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Table 15. Effect of N F',,sce and application method (58 kg N/ha) on grain yield )f broadcast seeded and transplanted rice in 2 rainfed areas inthe Philippines, 1984 WS. 

a (;rain yield 1' (t/ha)N source Application method Nueva Icija 
Camarines Sur 

Broadcast seeded Transplanted lroadcast seeded Transplanted
(I site) 15 sites)- (3 sites)Control (3 sites)3.4 c 3.3 ePU Farmers' split" 3.8 bc 4.6 b 4.9 d3.8PU Researchers' split' d 5.3 a4.5 at) 6.4 bcPU Researchers' split" 4.3 abe 5.2 a4.7 a 6.7 ab

PU 4.5 aSpring augert 5.3 a 6.7 ab3.8 beUSC 3.9 cd 4.9 abI land placecelvnr" 6.1 c4.6 aUSG 4.4 abPress wedge 1 5.1 a4.3 ab 7.0 a
USG 3.9 cd+ PU land placement + 4.2 ab 

5.1 :a 6.1 c4.0 bed 5.4 a 7.0 atopdressing (5-7 lIBI)

aPU = prilled urea, 
 JS(; = urea supergranules. tn a column, means
by t)M, lT. CFor Nueva 

followed by a common letter are not significantly different atEcija at t0 d after seeding (l)AS) or d after transplanting ()T) 
the 5% level

45 DAS, and at 15 and 30 DT. (12 and past panicle initiation; for Camarines Surat 15 andequal applications: basal broadcast and incorporated (BBI)before panicle initiation (DIt'I). e2 equal applications: B131 under farmers' water management, and at 5-7 dseeding (1I)S) without standing water, and 5-7for broadcast seeded rice (BSR) and I)I/l'.Jush type; application was at 3-4 d beforespaced 40 X 40 cii 
at 2-4 DT for transplanted rice (I'IP). gl)one by insertiat 3-4 tl)3S for BSR and among alternate 4 hills at 2-4 g LUSt at t0-to 12-cm soil depthfor tR. lApplication was at 3-4 1)3
TI'R.
 for I3SR, and at 2-4 DT foroT 

Table 16. FEffect of N source :mtl application method on grain yield of broadcast seedxl and transplanted rice in 2 rainfed areas in the Philip­pines, 1985 WS. 

aN source Application method N applied Grain yieldh (t/ta)(kg/tia) Nueva Fcija Camarines Sur 
Broadcast seeded Fransplanted Broadcast seeded Transplanted(2 sites) t I1 sies) (5 sites) (6 sites)

Control 0 3.3 dPU Farmers' split' 3.8 2.629 3.9 abe g 3.4PU 4.3 3.0Researchers' split cde29 3.84.4 aPU Plunger augerC 4.7 2.9 det"29 3.8 be 4.3USG 4.6II'-nd placeienti" 29 2.9 def 4.13.3USG 4.7Pres wedge" 
be 2.9 lef29 4.23.6 bcPU Iarmers' split" 4.4 2.858 4.2 ab f 3.9

PU Researchers' split 58 
4.6 3.1 bed 4.14.4 aUSG 4.9lland placementf 58 3.1 bcd 4.63.6 cdPU Researchers' split'1 

87 
5.1 3.3 bc 4.54.0 abe 3.5 aa PU : prilled urea, USG = urea supergranules. hin 
5.1 

4.8 
a column, means followed by a common letter areby lMRT. not significantly different at the 5%levelDMI'r for transplanted rice (Tl'k) sitesfarmers in the study not showi, due to farm-tn-farm-variability. cCommonlyareas during WS: at 15 d after seeding (DAS) used timing of N application byand 35 DAS or or d after transplanting (DT)DT and past panicle initiation in Nueva Ecija, at 15in Carnarines Sur. d2/3 basal broadcast and incorporated without standing water and 1/3 ateMachine placement 3 d before "eeding ()IS) fc,r broadcast seeded rice (BSR) 5-7 d before panicle initiation. 

at 3 I)BS for IBSR and 2-4 1),r for TI. 
or at 2-4 DT for TPR. f At 10- to 12-cnr soil depth, hand-placed 

winds in 1986 contributed to th2 poor efficiency of hand- water (Craswcll and De Datta 1980). In Nueva Ecija inplaccd USG. Diought stress in 1985 in Camarines Sur 1984 WS, the researchers' split application of PUCaused low yields with hand-placed withUSG. in both study baal incorporation without standing water gave higherareas, IRRI-designed fertilizer applicators performed
poor!., which may be 

yields, although not significantly, than did the re­attributed to either nonuniform searchers' split with basal incorporation under farmers'delivery rate or shallow application, the fertilizer being
not fully covered with mhud. 

water management (usually 3-5 cm standing water) 
The farmers' 

(Table 15). In I TPR trial, floodwater samples collected atsplit application of urea was generally
inferior to the researchers'split and to hand point-placed 

1400 h the day after fertilizer application contained 0.6 kgN/ha (urea + NH 4+-N) with tile researchers' split (goodUSG. Aragon et al (1984) reported similar observations. water management)Broadcasting N fertilizer into floodwater results in 
and 0.2 kg N/ha with deep hand­

extensive N losses to the atmosphere through 
placed USG. Samples with the farmers' split applicationsurface of fertilizer, deep-placed USG by press wedge, and the 



Table 17. Effect of N source and application method on grain yield 
of transplinvted rice in 2 rainfed areas in the 'hllippines, 1986 WS. 

Gralyield)(t/ha) 

N 
aN source Application method applied Nueva Camarines 

(kg/hia I cijia Stir 
(5 sites) (4 sites) 

-- Control ( 3.9 c 4.0 e 
flU Farmers' split" 29 4.9 cd 4.6 d1 

ers, split, 5.1IlU l lsac ,dReseartlt 292 b 5.1. 1) 

't Plunger aticer' 29 4.7 t 5.1 )
1	 "!USG Iland placei1net 2') 5.2 at' 49 he 

LIS; Press wedgee 29 4.8 d 4.7 cd 
PU tarmers' split" S8 
PU Rsearchers split, 58 5.3 ab 5., a 
US(; IHand plaement" 58 5.4 5.6a 
PU Researchers' spilit 87 5.4 a 5.6 

PU prilled urea, USGt urea supergramiues, 1it colinl:,i, neanls 
followed Iv a coiion letter are not significantl, different at the 
5% level by IM IRT. "At 15 (t lfter transplanting (DT) and past 

panicle initiation in Nueva Ecija. at 15 and 50 IDTIin tanlarines Sur. 
d2/3 basal broadcast and incorporated \'ithott stainding water, and 
1/3 at 5-7 d before panicle intijitioti. h'NI pliceit 2-4time at 

I)T .At IO- to 12-cm soil depth, hand-placed at 2--4 D .
 

floodwater N(kqhi)0oln 
... 

C K ~ * R I, 
eoo(6(PH, op b h0, 

armrs oent ,t,-n6 6- Rilt, manWorgmr ater _\ ,,Il 	 i/SG by hand 

Io~oF'~o,~t,~ •2USG mchine 
2t waerrnonogdlneL, 

• , crl ffermar0hiiier i 

-~ 
0 	 ­

_____ 	 .... L 

1 2 3 5 1 2 3 4 5 
Pcys ofter fertilizer appication 

7. totalllihivd\\atei N (N Il '-N illta N) ;it 1-10) 11as tltlecced h N 
sotrce ald application ncthid iit a ralhinid la11ti ini N i\ FIciia. 

Plhilippines, 1984 \S. Pt idlilCd ulrle . VS(; illat-,stipergraiiles. 

researchers' split with standing water during basal in-

corporation of urea contained 8.0, 6.5, and 2.5 kg N/ hit, 
iuslected 

respectively (Fig. 7), suggesting high N losses, presutiably 
through NH3 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 iti 
lowland rice (De Datta 1986). 

CONCLUSIONS 

The farn-level constraihts and fertilizer manageient 
research on transplanted and broadcast seeded shallow 
rainfed lowland rice from 1981 in Tarlac and Cannarines 
Sur to 1184 in Nueva Ecija found the following: 
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0 	Low fertilizer application level or inefficient timing 
was the major const ai.tt to high yield in TPR at the 
Tarlac sites, anld in both TIR and MSR at the 

('amailes Stir sites. At the Nueva Fci ja sites, tile 
iajor clnstralnlts were pool insect control for "TPR 

and poor weed control for M5R. 
* 	 Ihe etrly-nmttring promising breeding lines 1R 32307­

107-3-2-2 and 1I0 3240-108-2-2-3 can be grown in 

d rought-prone sillisto illproVC rinfcd rice prodluc­

iot. 
0 	At the Tarlac and Nu\.a [cija sites, 30-45 kg N/ha 

Call produce high vilids. pr0\idcd that tile fertilizer 
appli,:ation is timclv, milt the basal N dose 
thoroughly jicorpor.ited into the mud without 
standing \ater. [arms at thc ('amlirincs St sites 
saldl \\CklIl MflI'11l-1C u ie 

need holh N and 1)t it)_tcicase \'iclds. 
0 I 36, Ik50. 11k56. and 11k6t) grown on soils with pH 

below 7.0 ga c no response it applied n., even 

though the avaihlhlc Zn contelt Wa.sl bhlo tile 1.1) 
ppill critical level. 

• 	 In lol'lsal or adVcl'se \\c;ilt flthe rc!scatchers , split­

applied Pl) is as cflicient as deep hatld-placed lJS(. 
.Gencrallv, the rCsc:irChCiS' split is superior to the 

IrtiI rS' met hod atid It) deep pla.cetnltl by machines. 
These farm-level results are highly relevant, since the 
Philippines' dependence on purchased inputs has 
caused considerable concern at all levels. 

REFERENCES CITED 

.\.khar M. (iuiasrdeta I F. Potampeirunima - N 1986) Breeding for 

soil stresses. Pages 263-272 in Progress in rainfed lowland rice. 

Intertnational RKice Resciach hi sltitite, P.(. Box 933, Manila, 
Ill ilippi ties. 

Alcantara .1 M, (iarcia F V. ,,AbiaN W P ,It.IDe Iatta S K (19 4) 
lle lificatio,' ot Illl -lesel constiraints in rainled rice areas in two 

provinces in the Philippines. Philipp. . Crop Sci. 9( 1):13-23. 
AragOl F I.. (;labio . C. Padilta. I .Shad R A.Saisoti % 1, IcDIatta 

S K 1)84) Fet ilicr mattagemint tnetlridifferent systems of rice 
cutltu . Philipp. .1. ('rop Sci. 1)2):105-1 16. 

t971,) Barikc R. l':nidt R W Raised lo atd rice as a research 
pri irit! ,n cemiitss tess. t'aees 3-51 itt Raitfed lowlhnd rice: 

papcrs I tin the I978 intletaltiol l ,ice le eearch ct,nference.
I 	 e sat iial Rice Rescarch Intit. l'.(. lBo )33. Manila. 

ILeati o *\grictlturatl I:cottonies (11984) Mitmeographed report.,. 
Qtie/iitt "t.I'lili pp ties. 

Cao / If. I)c I),tta S K, Filler', I R P1 19S4) Iflect of placement
Methotts ott lhood\lctr properties and ieco\ecry of applied nitrogen 

( tN-labelledtrta) in \etland rice. Soil Sci. Soc. Am. J.48:197-203. 

(ayion i I . R, es F I), Ncu It I 1984)The mineral tutrition tf 
rices dilltcing in tolerance to /inc deficiency as alected by zinc 
application Philipp. .1.Crtp Set. 9(2): 143-147. 

tiraswell 1I lie I)atta S K 1t)80) Recent dcvelopments in research on 
nitrogen fertiliers lor rice. IRRI Res. Pap. Scr. 49. II p. 

le ataiS K lqs'l ) Priciples and practices of ito' prod.:cion. John 

Wile.\ ad Soits Inc.. Nes\ York. (i8 p. 
tDe Dalta S K 1190) Iipiuing nitioiii lgeierii/cr ellicieney in luwland 

tice in tropical Asia. Felt. Rcs. 9:171-186. 
Ie lDatta S K . Fillrs I R '. Cras\\ell 1Ft( 1983) Results from recent 

studies oi ititroe tertilimcr clficicicy in weTtlad rice. Outlook 

Agric. 12:125-134. 



14 IRPS No. 132, October 1988 

)e I)atta S K, Garcia F V, Chattcrjce A K, Abila. W P .r, Alcantara.1 M,M, 0 ia , crc/a 11('11979) Biological cc nstrai ils to fa, mers,rice viclds in three Philippine provinces. IRRI Res. Pap. Ser. 30. 
69 p.

Goswani N N, )e l)atta S K, Rao N1V (1986) Soil fertility ara lertili/ernanagement Ior rainfed lowland rice. Pages 275-2h3in Progress inrainfed lowland rice. Initernational Rice Research Instituie, P.O. 
Box 933, Manila, Philippines.

Herdt R W. Palacpac A U (19K.) World rice facts and trends.International Rice Research Institute. P.O. Box 933, Marila,
Philippines. 41 p.

Iluke R F ( 1982) Rice area hyNtype of culture: South, Soatheas, andFast Asia. International Rice Research Institute, l'.. Box 933,
Manila, Philippincs. 32 p.Mamiac IC, Ancojas R R, Saladana S(1968) [Ile late of nitrate nitrogenin somc tropical soils following serrhncrgence. Soil Sci. 105:327-334.Mainaril C 1), I)c I)atta S K. Villapando R R (1986) Results ofINSFFFR ramiled lowland rice trials. Pages 103-112 in l'rc,4rcss inraiiled lowland rice. International Rice Research Institute, r.O
Bo.s 933, Manila, Philippines.

Maridac A N1.Flmn C( 1985) )crerminants of lertiliter use on rainfedrice in Ilicol region, Philippines. Philipp. I. Crop Sci. 11)(3):123-128.'onnalpcrunia F N (19791 Soil prohleriis in IRRI farm. Paperprcccd at ai hursda, semrriar. 8 No% 1979, International RiceResearch Institute. los, lafios, ILaguria, Philippires.linnarnpcruia F N. Ikchashi II (1979) Varietal toicrance for mnincralstresses in rainlcd welland rice 2icilds. Page, 175-185 inr Raitfedlo\srand riLC. selected papers Irom the 1978 international ricercscalch coirclence. Iritrnational Rice Research Institute. P.O.
Box 933. Mania, Philippines. 



Internationa Rice Research Institute
 
c/o EN GAS DE NON REMISE, RENYOVER A


KILM-PUBLICATION DISTRIBUTION SERVICE
P.O. BOX 10.000 


2130 CA HOOFDDORP, HOLLAND
 

Airmail 
Other papers in this series 

TLES OF NUMtRtS 1-45ARE LISTED ON THE LAST PAGE n' NO 46. THOSE OF NUMBERS 
THE LAST PAGE OF NO 101-122
 

No. 10 ns
I Tih of c production in China 

No, 102 Rice ratooning

No. 103 Growth anI d,'vclopnent o the deep water rice plant

No. 104 	FARII)lIJR: a Coltputcr-assisted instruction model for rainfedlowland rice 

No. 105 
 A -ead ng and listening coiprectisio, test inEnglish for nonnati\ espeakers appiving for triitning at IRRI

No. !06 Rice :rassv stunt virus 2: a ness 
 strain of 	 rice grassy stunt in theI'tulippiiics 

No. 107 Physical losses and 
 quality deterioration in rice postprodtiction 

systemsNo. 108 	Copublici.tion of IRR I materials: a survey of translators andpuhilers 
No. 109 	Classification of Philippine rainfall patterns 
No. 110 Co.tributions of modern rice varieties to nutrition in AsiaNo. III	Changes in rice breeding in 10 Asian countries: 1965-84. Diffusion of 

genetic materials, breeding objectives, and cytoplasmNo. 112 l)esign parameters affecting the performance of the IRRI-designed 
lxial-Ilow ptmp

No. 113 	 Boron toxicity inrice 
No. 114 	 Energy analysis, rice production systems, and rice researchNo. 115 	Production risk and 	 optimal fertilizer rates: an application of the 

random colhicienl model 
No. 116 Consumer demand for rice grain quality in Thailand, Indonesia, and 

the Philippiries
No. 117 	 Morphological changes in rice panicle development. A review of 

literature 

Stamp
 

ISSN 0115-3862
 
46-70ARE ON THE LAST PAGE OF NO 71 80,AND THOSE OF NUMBERS 71-lO0ARE ON 

No. 118 	 IRRI-Korea collaborative project for the development of cold­
tolerant lines through anther culture

No. 119 Problem soils as potential areas for adverse soils-tolerant rice 
varieties in South and Southeast Asia

No. 120 Changes in small-farm rice threshing technology in Thailand and the 
Philippines 

No. 121 Landforms and modern rice varieties 
No. 122 Yield stabilitV and moder, rice technology
No. 123 Upland rice insect pests: moei- ecology, importance, and controlNo. 124 	 A review of agronomic wheat research at the International Rice 

Research InstituteNo. 125 	 Source-iink relationships in crop plants
No. 126 The effectiveness of language: a study of two 	 rice extension

publications in English and Cebuano among English-speaking 
change agents in the Philippines

No. 127 The effectiveness among farmers of A ]artierer primer on growing
rice in two Philippine dialects

No. 128 Evaluation of 12 insecticides against green leafhopper for preventing
rice tungro virus disease 

No. 129 Solar radiation and rice productivity
No. 130 A model of resource constraints on turnaround time in BangladeshNo. 131 	 Rice cultivar variability in tolerance for accelerated aging of seed 

7 


