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ABSTRACT 

Rice-wheat rotation is common above 20' N latitude, and tiiere is growing 
interest io extending this rotation to areas ne.arer the equator in Sowtheast Asia, 
where the entire demand is met by importing \vheat. To increase self-,liance, the 
go'ernments of most Southeast Asian Countries as well as int-rlnational a _encies 
have initiated varietal impro, ement programs to deveiop wheat varielies adapted 
to regional environments. Some adapted -arietics have been released recently. 

To determine the feasibility of e Ilti\ ating whca, in the postricc season and to 
identify optimal cultural plactices, IRI.1's MIlrtiple ("roppirg l)epartnrnent has 
conducted stuies since 1981 in Los Bafios (14' 10' N) and Cagayan Pro\ ince 

17o46 ' N), Phil ippires. This paper summari es the results obtained to date. 
"lhe presen",ly available varictics have a yield potential of 2 t/ha or mor. 

Aniong varictics tested, UP ,W-3 was the most productive. Sowings earlier than 
I Dec exposed 1e sUcJliIIgs to watcrlogging whfrreas sowings beyond I Jan 
exposed the grain filling stages t. higher atnmospheric tilperatures. A raid 
December sowing was found optimal. Maximum yields were obtained k dh 100 
kg seeds: ha ,wn at 20 cri row s-acnngs; increased seedirng rates or narrower row 
spacings did not increase yields. Wheat produnced I t grain 1ha1without itrigari. 
but maxirnui yields were obtained b, applying irrigation at crown root 
initiation, botig. and grain filling. Fert ilier experiments suggested that, 

edepending upon t initial fertility level, wheal responds ro more than 40 kg 
N/ha. Applying.ll lettili/er at sowing or a"early growth was advantageous. 
ThLc was !noresponse to I'. BccIru'C at lower latitnrdes wheat growth is relatkicly 
poor, crop diuraflon isshrt, and yields are low, itercropping with crops such as 
naite that are longer maturing and adapted to the regional eprvironaei? niay be 
us lil. 

Identification of potcntial rice-wheat rotation areas in Southeast Asia is 
requi,-ced. Wheat varieties with better adaptation to the agroecologies of this 
region are needed. Econonm,. viability and ecological sustainability of rice-wheat 
sequences in areas below 200 N lati!ude should be determined. 

/Visitinkj research fellow, research assirtant, and former head. Ntltniplc Cropping Department. Internationa" Rice Research Institute, 11.O. Box 933, Manila, 
Philippines. 
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Rice and wheat are the two main cereal crops in Asia. Rice is 
more adapted to higher temperatures and is adversely 
affected by temperatures lower than 20C (15). e optimal 
temperature for wheat growth is 10-20 0 "(8). " iercfore, in 
many parts of subtropical Asia. especially India and 
Pakistan, rice isgrow, durinti dic hotter wet season (W) 
and wheat in the cooler dry season (DS)(Fig. I). lately, i.e 
- wheat sequences have become popular in many tropical 
locations between 20" and 23 N latitude in India, Hangla-
desh. and ('hirt.a. 1hmere , growing interest inetending 
these sequence', to area., below 20' N (3) in Ind1,:nsia. 
Malaysia. the Philippines. Tihailand. and Vietnam. 

In these lower latitudes, rice is culti ated in \VS. In )S, 
the fields are planted to rice or upland crops, or fallowed, 
depending upon the availability of irrigatimn "arcr. Pre-
sertly, there i, no significarit commercial production of 
wheat in Southeast Asia. The entire regional demand (more 
than 4 million t yr) is Met hy iriimporting wheat and leat 
flour firt other count ries at a huge cost ('able I. Because 
of incrcaSing urbanization and changes in dietarv habits, it is 
projected that the demand for wheat will incrcase sccral 
times. To ir'dtuce the lare drain of alrCady liruited lorcign 
exchange and increase self-reliance. the gcovern nts ofr 
11IOSt Soutlheast Asian Courritri- as well as the (Centro 
Intcrriaciotna Cie Mjc~oramieito dce Mai' y lrigo ard the 
interuirtiornal (enter for Auricultural Pescarch in )rv 
Areas hive initiated varietal iriuprovement prograrls to 
develop Iheat varieties adalpted to regional cnvironients. 

Mally Countries of this region have bCcome surplus 
producers oi' rice and therefore Wish "o dicrsilfv. Whea, 
being rchei xely drought resistant, is a *otertial alternative 
crop \wte,'" Cool ald di mon't1hs occur. The de\ Clopilent 01' 
adapted wheiat varieties wiill contribute to crop diver-
sification. 

Wheat is .ctually not a new crop in tle region. There is 
eviderlce that it was cultix ated from the I 7th cetury to the 
end of the 19th culilry il Cagayrill Proince llld other 
highlands of'central Iuzori in the Philippines ( 13. It is still 
grown in isolated highlatri~ls iK .ava in Indonesia. the Chiang 
Mai region of Thailanld, and parts of Burma (3). But the 
varieties grown are iot very productive, 

'Ilhe Institute of Plant Breeding (IPB), University of the 

Philippines at Los Bafios, recently released three wheat 
varieties that are somewhat adapted to hot climates 

IPLW-I (Trigo I),P PILW-2 (Trigo 2), and J1L W-3 
(Trigo 3). (In the early years covered by this review these 
cultivars had rot yet been released by tile lhlippine Seed 
Board. They were designated Trigo I, lrigo 2. and CI 69-6 
lIgo 31. In s!.ibscq'it section;, they are referred to as 
JIPLW-L . 11'1W-2, .rid UtI'l.W-3, although in earli,.er 

reports their other designations v, rC used.) Many promising 
lines are currently being tested. However. there has been 
little research on the agrononic management reqi,,ired to 
maximie "vhit production in die tropics. The 'igronoinic 
practices are likely to differ 'rom those in subtropical and 
temperate locatiors, because high temperatures adversely 
affect \vheat i herology, growth, and development (7, II). 
lo bridge this gap, the Multiple Cropping I)i'partmetrt of 
the lternational Rice Researi'ul Institute (IRI) began 
agroiomiic sttudies in 1981 DS. lhe initial studies were to 
determine the l asibility of cu!tivating wlheat in the postrice 
season (lcccteirber-March). 1 his liapcr is a brief review of 
field studies from 1081 to 1980. 

I V1t1t\r1N I \1 t 

\Vhcat iiaiiae uemit rescatceVas, cmiducted ii I oS Bafios, 
Iaguna (14'14 ' N), and Alcala, ('agayan (I 746 ' N), Philip­
pines. In Io.s Halnio ,. C\xiCririiclt \kre conducted on 
hI' land and upland fields of lthe I ,,RIIixlerirtlntal arm 
(clay cy pI- 5z1- .. app'o\ imately 0.R84 organic ). The 
crop season ischaractetizcd by highl day and night tempera­
tills with sri1al diurnal variation (lip. 2). Average annual 
rainfall in lIs Banos is 19A, iri, of which 262 mnrM is floi 
I I)ccto31 MIar. [lilcsolar :adintiotbccoesinrcasirglv 
higher as the crop 'season progrCSsCs. 

In ('agayinI tlie cxperimnlrial liclds \were o a icceit river 
terrace (clay lnti. pHI= 6.2) adnicent to the .'ap.'an River 
(10). Relatike to Los Hanros. tire Caegauyanl site has higher 
ruaxirnl and slightly ploscr truili-illiiri truIpm'tlre.S, thus 
exhibititg a lager diurial variation (Fie. 2). l'hle iean 

annul raifill is to. Xi'r isir.72) fwhich I,1 m I Dec 
to 31 Mar. I)u, riri the wheat growthl season, tile two sites 
receive similar solar radiation. 
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2. Mean monthly weather data(1951-70) for LosBaios and Cagayan, 
Philippines. 
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Unless otherwise tmentoned, all experiments wete sownwith 100-12) kg sceds/rha i 25- or 30-cm rows. The fields 

fertilized at sowitng timne with 80-l00 kg N/ha. The
 
rps were irrigated and maintained free of weeds. Attempts
 

were made to keep the fields free from diseascs and insect 
The major diseases were 3t6,,4nithosoriumleaf spot 

and foot tot cansed by Sc/l'rotittntspp. Thc main insect pests 

were pink stem borer (S'santia infi'rens) and corn earworm 
(Helicos'erpa arigtcra). For convenicnce, the year of an 
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experiment is designated by the DS in which it was Los Bafios because Cagavan fields could not be maintained 
harvested, although the crop may have been planted in free from water stress. Earlier sowings experienced tempo-
December of the preceding year. rary waterlogging during initial growth stages, whereas later 

sowings were exposed to progressively increasing tempera-
Sowing date tures, particularly after anthesis. The higher temperatures 
To determine sowing date efftcts on wheat grain and dry after anthesis resulted in decreased 1,000-,;rain weight (Fig. 
matter yields and days to flowerilg and riaturity, a trial was 3). Such reduction in grain weight and consequently in grain 
conducted in 1982-83 inLos Baios with one promising line yield with increased temperature is well documented (1,5, 7, 
(C220-5), two Seedboard-released varieties (UPLW-I and 14). Circled points in Figure 3 are from the 15 .Jan 1985 
UPLW-3), and two introduced varieties (INIA 66 and planting in Cagavan. which experienced severe drought 
ANZA). Seeds were drilled in a well-prepared upland field stress after flossering, resulting in very low grain yield and 
on 3 Dec, 15 Dec, 29 Dec, 12 lan, and 26 Jan. The trial was 1,000-grain weight. These data were therefore omitted from 
repeated in a well-tilled lowlad field in Cagayan Province the analysis. 
in 1983-84 and 1984-85. Sowing dates in the first year were Grain yields higher than 2.0 1lha can thus be obtained at 
23 Dec, 7 Jan, and 20 Jan and in the second ycar 17 Dec, lower latitudes provided that a variety such as UPILW-3 is 
29 Dec, and 15 ian. All varieties tised in Los Bafios except sown in mid-December to ensure that reproductive stages 
ANZA were tested in Cagavanf Province, occur at relatively cool atnm(sphcric tem1pcratures. 

Days to flowering and maturity were reduced in all 
varieties and at both locations, as sowing was delayed (Table Tillage and planting methods 
2, 3). Maximum dry matter and grain yields were obtained In 1982 )S, combinations of three tillage levels (zero, two 
when seeds were sown about the middle of December. rototillings, and conventional tillage [plowed twice, fol-
UPLW-3 was the highest yielder. Despite the cooler lowed by a rototilling]) and three planting methods (dib­
temperatures in Cagayan, grain yields were lower than in 

]Table 3. Response of wheat to late of sowing in Cagayan Province, 

date of sowing in Los Bafos, Philip- Philippines, 1984 DS and 1985 DS.
Table 2. Response of wheat to 
pines, 1983 DS. Date of )ays to Grain Dry 1,000­

______ Dte ______-yictd 	 matterb grain 
t/ha) nt 

Variety 	 Dateof'- _ yiel matter grain __________ _______ 
sowing Flowering Maturityt t/ha) tI/ha) wt (g) 9S. 

Date of Days to Grain Dry 1,000- Variety sowing loering Mturit l (/ha) (g) 

UPLW-1 23 Dec 83 56 96 1.7 NR 37.6 
UPLW-1 3 Dec 82 61 95 2.7 10.2 28.8 7 Jan 84 53 94 1.6 NP 32.8 

15 Dec 82 53 86 3.1 10.6 31.2 20 Jan 84 50 87 0.9 NP. 29.9 
29 Dec 82 54 86 2.5 9.9 29.5 C220-5 23 Dec 83 52 96 1.6 N. 44.0 
12 Jan 83 51 82 2.0 7.4 27.5 7 Jan 84 51 94 1.6 NR 40.2 
26 Jan 83 54 83 1.2 5.9 23.7 20 Jan 84 48 87 1.0 NR 36.2 

INIA 66 3 Dec82 61 95 0.5 4.7 24.7 Ut'LW-3 23 Dec 83 44 86 2.1 NR 35.5 
15 Dec 82 53 86 1.4 5.4 21.8 7 Jan 84 44 82 2.4 NI. 34.0 
29 Dec 82 54 86 1.1 5.3 23.2 20 Jan 84 44 81 1.4 NP. 29.9 
12 Jan 83 51 82 1.1 4.2 22.9 INIA 66 23 Dec 83 46 91 1.3 N1t 29.2 
26 Jan 83 54 83 0.5 2.7 24.3 7 Jan 84 45 82 1.4 NP, 23.1 

20 Jan 84 44 81 1.0 NR 24.8 
C220-5 3 Dec 82 61 95 2.5 8.5 37.7 S 2Jn 1.1 -- 0.1 - 0.8 

15 Dec 82 53 3.2 37.0 su 2323 Dec 83 .-91 NR 0.886 12.4 Mean 50 1.7.1 36.6 
29 Dec 82 51 83 2.8 9.2 36.1 7 Jan 84 48 88 1.8 NR 32.5 
12 Jan 83 47 78 2.4 7.5 34.5 20 Jan 84 47 85 1.4 NP. 30.2
26 Jan 83 47 76 1.4 5.2 29.1 	 1985 

ANZA 3 Dec 82 61 95 1.2 9.7 29.7 UPLW-1 17 Dec 84 58 100 1.2 4.6 27.0 
15 Dec 82 53 86 2.1 5.9 27.1 29 Dec 84 53 90 1.1 3.8 24.0 
29 Dec 82 54 86 1.8 6.9 25.6 15 Jan 85 50 84 0.8 3.0 21.0 
12 Jan 83 50 81 1.9 5.8 26.9 C,!()-5 17 Dec 84 58 100 1.4 3.9 37.0 
26 Jan 83 47 76 1.1 4.9 21.5 29 Dec 84 53 90 1.1 3.3 34.0 

15 Ja 85 50 84 0.6 3.1 27.0 

15 Dec 82 53 2.8 32.5 U 2LW-3 49 86 2.0 6.0 29.0 
UPLW-3 3 Lec 82 61 95 1.4 5.6 31.9 

86 6.8 	 17 Dec 84 
29 Dec 82 52 84 2.8 8.6 29.2 15 Jan 85 47 80 0.6 2.2 20.0 

12 Jan 83 47 78 2.9 9.9 30.5 15 Jai85 45 80 0.6 2.2 20.0 
26 Jan 83 76 6.7 INIA 66 217 Dec 844 49 863 1.0 4.21847 1.8 25.3 	 e 4 05 24.02. 

SE 0.6 0.6 0.2 0.2 1.2 25 Dec 84 47 83 0.5 1.8 23.0 
15 Jan 85 45 .9, 0.2 1.2 15.0 

Mean 3 Dec 82 61 95 1.7 7.7 30.0 SE .... 0.1 0.5 1.0 
15 Dec 82 53 86 2.5 8.2 29.9 Mean 17 Dec 84 54 93 1.4 4.7 31.3 
29 Dec 82 53 85 2.2 8.0 28.7 29 Dec 84 50 87 1.0 3.1 27.3 
12 Jan 83 49 80 2.1 7.0 28.5 15 Jan 85 48 82 0.5 2.4 21.0 
26 Jar, 83 50 79 1.2 5.1 24.8 

aComplete drying for harvest, physiotngical maturity will be earlier. 
=
aComplete drying for harvest; physiological maturity will be earlier. bNR not recorded. 
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Table 4. Effect of tillage and planting mehd on the yield (t/ha) ofUPLW-I wheat, Los Bafios, 1982 DS.atehrsi. 

Injecting DibblingTillage With (anil) 
trametRIIp a 

Zero 1.76 1.80 
2 rototillings 1.74 1.82
Conventional 1.69 1.92 
Mean 1.73 1.85CV (a)= 8.7% 

CV (b) = 10.3% 

a rotary injection planter 

Drilling(Planet jr. Mean 
planter)t 

1.67 i.75 
1.61 1.72 
1.72 1.78 
1.67 

bling, drilling, and injecting by a rolling injection planter[RIP]) were tested in ILos Banios fields using UPLW-l. The 

experiment was sown ol 24 "in 1982 in a lowland ricefield.
Grain yield was not affected by either tillage or plantingThwsan 
method (Table 4). The experiment was irrigated, and 
therefore the effects that tillage may have had on moisture 
availability in a water-limiting situation, especially during 
emergence, voulld not have been exhibited. 

Seeding rate and row width 
Relative to wheat crops in temperate regions, number of 
spikes per m2 in tropical regions is low. Three experiments 
were conducted to determine if spikes per m2 could be 
increased by increasing seeding rate or reducing row 
spacing. An additional objective was to collect information 

on the physiological basis of yield response to density and 
spacing. 

On 27 .an 1982, U PI.W- I was sown in 30-cm rows in a 
lowland ricefield in Los Baios 'o test 100, 150, and 250kg, ha seeding rates. These rates were components of an 

experiment in which three N and three P rates were applied 
to the lain plots. The same experiment was conducted in 
Cagayan in 1983-84. Seeding rate did not affect grain yield 
or yield components such as grain number and grain weight
at either site. 

Another experiment was sown in Los Bafios on 18 Dec 

1985 to study the effect of seeding rate (100 and 170 kg/ ha)and row spacing (10, 15, 21), and 25 cm) on grain yield. 
Cnt(7213-15, a Irecently developed line from IPB, was used. 

Regardless of'seeding rate, tiller number increased as row 

spacing decreaed (Table 5). However, increased tillering
was accompanied2 by greater shoot mortality, as indicatedby spikes p r m a mIaturity. Nevertheless, spikes per m2 
increased as row spacing decreased. Furthermore, there 
were more spikes when the seeding rate was higher. 

Table S. Effect of row sowing and seeding rate on wheat. Los Baftos, 1986 DS. 

Grain 
Treatment yield 

(t/ha) 

Row spacing (cm)
10 2.79 
15 2.80 
20 2.67 
25 2.63 

Seeding rate (kg/ha)
100 2.77 
170 2.67 

Source of df 
variation 

Row spacing (RS) 3 0.06 ns  

Seed rate (SR) I 0.08ns 
RS x SR 3 0.06ns 
Error 21 0.09 
CV (%) 11.2 

a*,= significant at the 1%level, ns = 

Dry matter (t/ha) 

Anthesis Maturity 

5.69 8.05 
4.90 8.39 
4.45 8.12 
3.98 7.65 

4.58 8.24 
4.79 7.86 

3.57** 0.73ns 

Maximum 1,000­
no. of Spikes/ni grain Grains/m Grains/spike 

shoots/m2 
weight (g) 

0.32ns 1.14 ns I1,709ns 61,342**
0.28ns 0.62ns 14,787ns 2,374n s 

0.32 0.57 10,790 999 
12.0 9.4 14.4 8.2 

nonsignificant. 

795 417 
758 395 
674 362 
654 363 

701 338 
739 427 

Meansquaresa 
Meansquaresa 

35,814** 5,710** 

37.2 
38.5 
38.1 
38.0 

7,495 
7,685 
7,018 
6,910 

18.1 
18.9 
19.7 
19.5 

39.6 
36.3 

7,091 
7,463 

20.8 
17.4 

2.33ns 1,108,758ns 4.28ns 
90.4** 1,105,795ns 86.10** 

u2.091 s 5 16,669 n s 0.76n1s 
1.26 594,326 
3.0 10.6 11.6 

4.84 
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Leaf area index Dry matter (g/m2 ) Table 6. Effect of irrigation on grain yield, spikes/m 2 , and 1,000­
§grain weight.a Los Bafios. 1981 DS. 

E Grain 1,000­
a O Treatment yield Spikes/m grain5 I! 000t/ha) wt (g) 

LAI ' DM ' Growing condition4 800 Rainfed 1.76 b 315 1) 34 b 
, hrigttd 2.26 a 361 a 36 a 

3 600 Varieti 
UtLW-I 2.25 a 344 a 35 b

/ UPLW-2 2.00 n 331 a 33 c
2, 400 C48-11 1.77 c 268 b 37a 

I/ aWithin a treatment set, means in a column followed by a common 

letter are not significantly different at the 5% level by lI ItT. 
200 

20 -Table 7. Effect of time of irrigation on grain yield and yield compo­
0 0 30 40 50 60 7 0 nents of wheat. Los Bafios, 1982 DS. 

Days after sowing Grain 1,000­

1'eatillenta vield Spikes/ G;rins/ Grains/ ri 
24. Seasonal change in leaf area index (LAI) and dry matter (1)M) of SI' s pike grain 

wheat. Mean over 2 seecing rates and 4 row spacings. Los Bafos, wt (g) 
1986 DS. Irrigation 

TI 0.84 344 9.7 3352 25 
T2 0.92 345 10.3 3542 26

In all treatments, the maxinmum leaf area index (LAI) was 1.26 373T3 12.5 4670 27
 
reached at flowering, after which it declined sharply (Fig. 4), T4 1.18 366 11.5 4200 28


T5 1.82 412 15.3 6283 29
largely because of tiller mortulity. There was no difference in I'ariety
 
naximnumin I.AI among treatments. )r matter (I)M) Trigo 1 1.10 326 12.0 3921 28
 
increase followed a typical sigmoid curve (Fig. 4). At Trito 2 1.28 410 11.6 4759 27
 

1. Ia) t.15 44 1.9anthcsi., regardless of the seed rate, I)M yield increased 475 0.1as SE (0) 0.04 28 1.1 125 0.1 
row spacit~g decreased. At maturity. however, there was no a 
difference in )M yields. Irrigation stages: T, : control (no irrigation), T 2 = at 15 d afteremergence (IDAE), T3 = at tillering, 14 = at booting, T5 = at 15

The advantage that narrow row spacing had in spikes per DIA[, at tillering, at booting, and at flowering. 
mI was offset by a decline in 1,000-grain weight. Similarly. 
the increase in spikes pcr i 

2 at the higher seed rate was offset sprinkler irrigated at crown root initiation (CR1), booting. 
by a decrease in grains pet spike as well as 1.000.-grail and flowering. Irrigation significantly increased grain yield
weight. Conseqttently. grain yieldid not differsignificantly over the rainfed treatment (Table 6). The increase was 

2along the treatments (Table 5i. attributed to increased spikes per m and to 1,000-grain 
Thus, increasing plant dl usity above that which can be weight. 1IPI.W- I prod1ced the highest yield. 

obtained from 100 kg seeds;1ia sown on 20-cm row spacings In the next :;cason. seeds of IPIW\V-I and U ILW-2 were 
will not increase grain I,,cld by compensating for tile low drilled in a vell-prepared lowland field on 29.an !982. The 
spikes per in'l comnmnly observed in lower latitudes, treatments wete: 11 irrigation (1). irrigated at 15 d after 
Similar conclusions were drawn by Midmore et al (12) frorl emergence (I)AtF) (12), irrigated at t illering (T), irrigated at 
a study in Poza Rica, Mexico, at 19' N latitude, where the booting (1l4 ), and irrigated at 15 I)AF. tillering, booting, 
mean daily temperature ranged fron 21 to 26 'C. and flowering (T). Irrigation was applied by surface 

flooding; amount of water was not measured. Grain yields
Irrigation of both varieties increased in response to irrigation ('.ale
Four experiments were conducted at Los Banos in 1981, 7). Among the single irrigation treatments, irrigation at 
1982, 1983, and 1985 DS to answer the questions: Will yields tillcring was nost beneficial, followed by irrigation at 
of wheat grown on residual soil moisture be sufficiently high booting. These irrigations promoted grain setting as evi­
to be competitive with alternative crops in early DS? If denced by increased grains per spike and grains per ni.
wheat does not yield well under rainfed conditions in low In 1983, the experiment was repeated with additional 
latitudes, what are the yield responses to irrigation applied irrigation treatments. tIJPI.W-I seed was sown on 3 Dec 
at selected growth stages? 1982 in a well-prepared upland field. The treatments were: 

In the first year, three varieties --- UPIW-I, UPLW-2. no irrigation (TI): irrigated at CRI (T2);at CRI and booting 
and C48-11I -- were sown on 25 Dec 1980 in a lowland (T3); at CR1, booting, and grain filling (T4); at booting (T);
ricefield. There were two treatments: 1) rainfed, and 2) at grain filling (T+,): at CRi and grain filling (T7); and at 
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5. Effect of time of irrigation on grain yield of UI\'W-I. Los 
Bafios, 1983 DS. 

tillering (I). Three irri'ations (101 gave the highest li(-Id 
(Fig. 5). I o ever, the response I) irrigation was not as Ihigh 
as in the pteviohts 1)S because mote rain fell during 1983 )S. 
As atrcsult. yeldin the rainfied treatiment was also high. 

In 1985 I). an experiment \%as sown on 23 Dec 1984 to 
cvaluate liCresponseof !l .\V-l.1, 1 lW-2. IIP!,W-3. and 
a proinising line (('220-5) to declining w\ater availability 
diunge the grain filling period, a common situation where 

satop and irrigation \%atersppl decreases ith time 
after planting. Ireq unCt light irrigations were applidt, ntil 
30 I)AI; irrigation and rainfall during this period totaled 
162 mim. At flowering, a liie source sprinkler was used to 
apply an irrigat lion gradient. [he cxperiment involved 5 
nMisture regitnes: cumitlative post-,4 I)A1 water applica-
tions were 101 mnin reginc 1,9( mmin recgime 2,65 ml in 
regime 3, 36 mm in rcgine 4. and 0 nilm in regime 5. 

UPLW-3 arid ('220-5 produned higher grain yields than 
1l1l \V'-l and I LW-2 at all levels of \water availability 
(Table 8). UIl .\V-3 had higher grain yield than C220-5 ill 
reg;ic 5, suggesting that 1 Pl \V-3 has maximtun tolerance 
for a decrease ill water availahilit\. 

The irrigation experiments showed that, when sown in 
early )S, wheat can produce I t hit grain yield without 
irrigation. Iaximuml vield can be obtained by applying 
irrigation at ('RI. booting. and grain filling. However, the 
number of irrigations and the stages of their application for 
achieving high water use efficiency and grain yield depend 
on stored soil water at sowting and on rainfall during the 
crop season. 

Table 8. Effect of irrigation regime after flowering on grain yield 
(t/ha) of wheat varieties. Los Bafios, 1985 DS. 

Irrigation UI'LW- I UPL\W-2 UPLW-3 C220-5 Meanregimle 

1 1.87 1.71 2.00 2.00 1.89 
2 1.64 1.54 1.76 1.88 1.71 
3 1.58 1.51 1.74 1.73 1.64 
4 1.42 1.31 1.73 1.72 1.54 
5 1.37 1.17 1.75 1.41 1.42 

Mean 1.57 1.45 1./9 1.75 1.61 

Source of
 
variation df Mean squaresa
 

Variety 3 0.513** 
Regime 4 0.495**
 
Variety X regime 12 e.029**
 
SE (variety) 0.L45
 
SS (regime) 0.047
 

a*, -significant at the 1%level. 

timing of small applications can improve extrac­tion of storcd soil water and water use efficiency. Forexample, Ghildyal (9) reported that a single irrigation 

applied at 33 I)AF increased soil water use by 25% and grain 
yield by 81%.To improve irrigation practices for rice grown 
id'ter whcat, further empirical studies on local soils are 
needed. 

Fertilizer 
Several experiments were conducted in Los Bafios and 
Cagavan to determine the response of wheat to fertilizer 
(quantity and time of application). N fertilizer response was 
ofimajor interest. The first fertilizer experiment was sown on 
27 .Jan 1982 in Los Bafios to determine the sensitivity of 
wheat to 3 N rates (40, 80, and 120 kg/ ha) and 3 1"rates (0, 
13, and 26 kg: ha). All the P and half of the N were soil­
incorporated just before sowing. The remaining N was 
applied at 20 I)AE. 1 fertilizer *.d not increase grain yield, 
but N increased yield up to 2 t ha (Table 9). The agronoinic 
efficiency of 80 kg N/ha was 13 kg grain/kg N. Higher N 
rates induced lodging and decreased agronomic efficiency 
(8 kg grain' kg N). The increase it grain yield was due 
mainly to increased grains per 1n2. Grain weight did not 
respond to either element. 

The experiment was repeated in Cagayan in 1984 DS. All 
treatments except those involving 120 kg N/ha were 
retained. All fertilizer was incorporated in seed rows and 
covered with a thin layer of soil before the seeds were sown. 
As in Los Bafios, 0 rain yield response to P was not 
significant ('Table 10). The response to 40 kg N/ha was 
significant, and the efficiency was II kg grain/ ig N. 
Hwvever, the response from 80 kg N/ha was not signi­
ficantly higher. N fertilizer increased spikes per m2 and 
grains per m2 but had no effect on 1,000-grain weight. 

To test the effect of N rate and time of application, two 
experiments were sown in Los Bafios on 3 Decemberduring 
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Table 9. Grain yield and yield components of wheat as influenced 1983 )S. One experiment was completely raifed, whereasby. N rate. Data are ncan over 1 rates. Los lanos, 1982 DS. the other was 'eqentlv irrigated. Tieatnlients and 	grain 
(;rain 	 1,000- Yields for both experiments are summarized in Table 	I.(kg/ha) yield Spikes/n 2 grain (Grains/1n2 N application signilficantly increased grain yield in bothkte/h 	 wt (g)x pe rile nts. I ov.'ever, there was no response heyond 40 kg 

0 0))8 361 27 3,684 N hl. I lie agrollomic efficiency lt 40 kg N ha was 25 kg40 1.09) 419 27 6,270 grai kg N in tile itriated experiment and 31 kg grain, kg N80 2.4 456 27 7,576 ill the raifiled experiment. IIigher N fertilier rates induced 
120 2.02 453 27 7.562 

0.04 	 0.2(1 44 145 	 lodgingL,and reduced grain yields slightly. The least'lls for 
higher N use elicicnc inl this scason relative to earlier 
seasons ai-c not clcar. I here \\as no evidence to suggest that 
spiittilng 40 kg N lha improved lronornic effieiencv. 	 That 

"Fable 10. Effect of N oil grain yield and yield components of wIheat, grain yiels in the I vI) xperiments Were similar once N was
Data are mean over 1Prates. Cagayan, 1984 DS. applied suggests tha soil watlc ill the rainf'd experiment

.-......... -.... .. .-.... .... ..... . .. ... . b am ,, availlable to the plant dle to incrcased growth after 
SraGte (;rai, Spikes/ ta000- 21 "rains/r N applicationi.

(kg/ha) It/thI st ig) Another fertilizer experimetl was conducted in Los 
------------ 30 --317--5- Batios during 1986 l)S. U1lW-3 was sown on 28 Dcc 1985

40 1.44 293 32 3906 wtth 3 treatments: 100-22-40 kg NPKiha applied at sowing
80 1.40 301 31 5197 (TI), 50-1 1-20 kg NiPK, ha applied at CR (20 l)AS) and an
SI. 1.30 37 1.4 972 equal amount at hooting (F2), and 100-22-40 kg NPK/ha 

applied at CRI (T). Grain yield was slightly reduced when 
the fertilizer application was delayed as in '2 ('[able 12). The 

Table 11. Grain yield of wheat as affected by rate and tie of N Full basal f'ertilier application resulted in maximum )M 
application. eLsof1983whos, atS. production, whereas later application caUsed more spikes----------------------------------...per m2 aid higher harvest index. This was accompanied,N rate (kg/ha) at 	 (.;rain1 yield (t/hza )(Ihowever, [v reduced grains per spi'e. There were no 

30 d afterSow.i ngh Irrigated aIlifed differences itll oit treatmenits For 1,000-grain weight.

lo stud.\ the interaction )1 N with (la\ing
te, another0 0 0.95 t 1.(,9

40 0 2.06 t.98 set of experimelnts %\asconducted in 1984 an 1985 DS in 
20 20 1.69 bc 2.04 a o\\Iilland fiClds in (igavan.. 'o\\ ing dates and sites are given80 0 1.91 ab 1.88 ab inl Figure 6. So\\illig (fates \\ci-c ill iaItin plot', of a split plot40 40 1.90 ab 1.57 b desien. Four N treaticrts (0.4080.ad 120kkN:ha) were 

0 80C 1.52 c 1.98 a

120 0 
 1.67 bc 1.68 ab applied to siiplots at so\ine.
60 60 1.61 bc 1.98 a ()n all dltes xcept ()ne, N atppliCMitiu, andi allIount

CV . 1.11.2 13.5 sigllilficall Influenced Limii yield (Fli . . irain yields in 
aMe a common not significantly dif't'erent 1984 1)S \Ci-C 1nLtiCII higher-;ind tile CIoS liore N responsiVe 

111 s fol lowed by letter are 
at the 5,r level by IDMRT. hTopdressed. C(Broadcast when rain than in 1985 D)S. In 1985 DS) , experimllts at1 both sites
occurred or when irrigated. 

cxperieniced Wiater deficits, With Itle ltC-plalnted crop the 

Table 12. Effect of time of fertilizer application 100-2240 kg NPK/ia) ol yield and yield compotnents ot' wheal. Los FBanos, 1986 DS. 

Grain Dry Hlarvest 	 1,000-grain
Treatment 	 yield niatter index Spikes/ni2 

wt Grnins/spike 
(I/ha) (i/ha) (g) 

T ali basal 	 2.51 7.18 35.0 460 31.8 17.2
12 = 1/2 at CRI + 12 2.31 4.80 48.3 532 32.5 13.4 

at booting
'13 = all at CI 2.65 5.95 45.7 572 31.8 14.8 

Source of 
variation (If Mean SqIutares" 
Treatment 2 0.112** 5.64** 199.0n1s 12823* 0.731ns 14.9*lrror 6 0.00764 0.351 41.6 2482 0.262 1.54CV n';) 	 3.5 9.9 15.0 9.6 1.6 8.2
SIE, 	 0.06 0.2 4.56 35.2 0.36 0.87 
a, = significant at the 5% level, significant at the 1%level, ns = nonsignificant. 

http:0.4080.ad
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Groin yield (t/ha) 

2.5a 

2.0 b 	 a 

15 -	 a1l 
-


10 
C b b 

a a a a
05 d 

N(kg/ha) 0 40 80 120 0 40 80120 0 40 80 120 0 40 80120 0 40 80 120 
Sowing date 23 Dec 18 Dec 14 Jan 17 Dec 15 Jan 

(Site I) (Site I) (Site 2) (Site 2) 
1984 DS- '- 1985 DS 

o I W it l le\l),. ( nd 19856. Grain yields '1i I 6Iir[ IN 19;8iI954 I)S )S. (ohnininr.1 I c C0 111mm10 artejic hd lettei not sig­
nilicanolv diterent til, :,';cleve IhMIR I. 

most adversely aflcelcd. III L'ClICtr,., [uC-plIanted Ct)ps had Talfe 13. Grain yields and land equivalent latios for wheat + maize
 
lower yields a11nd\\'ICl N rc' it Ihali cal, -platlled illterrnit). Ios |ahms, 1986 )S.
11255 hi\c 
crops, which 5)tl21215151 hatl N letlihi/er dhue Is(ii!i\Ctlc'tli.' the . -.......... 	 ... .......
plmitii,CI-i/kcr p ,t ii' ,iil) ield :/hn) land ttivalent ratioreduct ion in tiILi Itit)I tI nC reIt i l i era 	 d iity d.. ... .
 

These ICf c I tl dCtItIti Mtl 2II'.
rihi/cr rXhtIn)' uIII itC tu1,i- rkis \\hlit-it MaiC e t Nlaize Total 
t101S tis lta1 le or ldt cti101 ic'\ l ;id d pci' lintpOll tle illtial IcutjiIIls Hidt 5\ht",iI hi IC 	 l rtimr,/rOp1e\el. lic'pi[tmn' e111M 5,009 ' p/i 

than 41)kg N hi and that appl.i1t illIcItilic illli(m ne!or 	 120 em 1.12 2.23 .53 0.62 1.15 
at an eall .ili',t Ih stitu i ',i \iis tLtall . I tLcr '[Il' 	 151, cm1 1.11 1.,81 1i.52 (.49 1.1 

18) Cm 1.27 1.38 0.6(0 0.37 0.97conditions of IlC',Ct e cXse ilIICI . \ idenc cC of 1)IcSjpo) lSC \ us .0,000 ,, izc pp/ 
not (tlected. 1210 cmn 1.44 1.84 1.68 0.50 1.18 

150 cin 1.42 1.84 (.67 1.49 1.16
 
Ilatercroppiing2 180 cm 1.31 1.38 (.62 (.36 1.98
 
Alt c: hplt expltit illI S iItos ill 	 Moloculturei!tti.v net \\ as cotdtiCted 

I1986 D~S to tC\',Illtla 0f 111Vinc1r1'r\\ cilt ie -- 0l.[0
tfile Iecm1il1
ilit\ Lpi \Vhii 	 3.882.31 +- .0 0 1.01.0 
\ithla traditional and adapted ciop Such as tai/,lc.Because ....
 
wheat ntuitv isISshttsh r d ot IIi is,r'latiSelv por in theo Sotlrcc of
 
lower iiitutldes. intelCroppine I s\ith rclaiti\Clu\ joller suriutmiom (11 Meanl squiireO'
I11ttl'ire nati/e' tttaV iltct.ase the cli icicucs i Fireiatiui 0i 0.480** 2.95 * * sae iPoputLtio I 0.293' 0.8811s

0radiation. Six of lthl eight trCatl ients itI thc expeltitncnt wcrc Row spicin 2 . 0 16211s l(9()* 
1lntertoppe(ld oemiml tions \\ heit atl W\\hcat \as topulation 0.1011se ill/c. l'\ X 2 .6485tis 
sIw ot 19 Dec I a5 ti\s , 15 ci1apart at it scedinu rate iol ro, Spacing

So"ll il191 7 9,'5iii~m , ec S1-.12 	 (.3417) ku ha. ,lai/tos snacittes suete salished at 120. 15). 	 . 
and 180 cil by planting v\cr\ Sth. I(tih. andi 12th r, i\\th significant it level,the 5'.' significant at the 1'7level, ns

" 
nlli/e. Mai/C \ l,planei'd ill' ci'> inl ine)mqsjgniicanli.t (30 .)0 501.(1(1) 

plants per ha Ipphl) it these spicings. \little IIltiIO'UtlttLC 
(60,000 pph ll0-cm ri spacins) atnd a sshat mitto- \with foot rot artd corlln ci\\orm. Also, there was partial 
culturet1wee ircltided. I*odgi n in iltcrcrOppCd w\heat. 

Grain 'iclds of hoth .isilitlId sniggests it is possiblc to obtain highmiic \,Lc' rdCiCiLtM Htis experiment 
intercrops relatie tiotuotnoerops (Iahl 131. 1he redtictuon 'iCldS of hhl's[ Ie\\ell ISit lraditiOnll low latitude crop
"its nMore in mali/C thu it whctil. \liti/e poptlkttiott did not (tiii/e') hv irtlercropl)rU. I1oweser. h i t ty needed.isU 
aflfect nli/e yicld, but wheat grain yield \\as 1ghi,h whCt 
mai/c population wits lowx. N lIi/e rmWsp it.i ng affectedniai/e \ield bitt not wvhe'atield. NIai/e \tiold5'its igher \sith 	 ()(1I1 ) 

closer row spitcing. [he tottl produetisit\ of the ltnd With prcscnit \Miat cultisars, it is possible to obtain grain 
(expresscd its land Cquivalent ratio) \ils hih when tiiI/C yields ot'2 1 ha or more. Arinong \arictles tested, UPLW-3 
population was ltt . The interact ion hetween populititn \kas llost ljrtdLrCti\c. 1-10in\ccr, etLtlitidct lie hest weatlher 
and row spacin.. wits nonsigni lIcant. A piltof the redutctiont atd soil contlilins ir these cxperinments. the nutmber of 
in wheat yield 5 its to periodic removal of plants infected graitis per illI t/ha(finc \wistoo low for yields to exceed 3.0 



2 

regularly. Increase in seeding rate resulted in more spikes, 
but this was negated by reduced grains per spike. As 
postanthesis temperature increased, grain weight declined. 

Both N and irrigation increase yielI by increasing grains 

per m . N fertilizer is necessary to increase yield, hut, given 
tile limited yield potential, rates exceeding 80 kg ha are 
seldom likely to be economic. lsen though wheat is 

regarded as a relatively diought-tolerant species, it will 
respond to irrigation. One to three well-:limnld irrigations 
will probably he iost cost-electlie l IInmHny soils. More 
empirical fertilizer and irrigation ic-seaich is needed to 
determine optilulm practicCs for local conditions. 

I )IKIN(I .\lIIAt) 

If wheat is to be connercially- produced in the lower 
latitudes of Southeast Asia, it iulist fit into local cropping 
systems. Identification of potential wheat areas, as well as 
determination if wheat can replace presently cultivated 
crops, are required. It'wheat is to bie grown On irrigated 
lowland fields during [)S in regei onis such as tile niort he rn 
Philippines where its vield potential is 2.5 t ha, then it inust 
replace irrigated rice, tobacco, gal lie, and vegetables, or be 
grown on fields not presently used after V/S rice. If wheat is 
to replace a crop, it hals to be illore remuntierative than the 
replaced crop. If wheat is to he grown ol presently 
uncropped land after \V. rice, areaswhere small q uantities 
of water ate available for olc or t\o riiations lits be 
identified. As a method to asenVteCIand other physical 
resources ilost ellicicitly, iniitcrropping 5 heat withil Iradi-
tional postrice crops should be ealUated. The attractiveness 
of' wleat as ai conncrcial crop will also depend oil) 
governmlent prgrainls, parictularly wvith reerence it) textln-
Sion, marketing, and price policies. A main reason for low 
wheat yields at lower latitudes is por tillcritlg and poor tillcr 
survival. Higl tiller lortality contributes to rapid leaf ala 
reduction and low spikes per il1'. Future wheat \arieties 
should be selected for high tillerine capacity and high tiller 
suirvival ratio. CIcarly, there is a need for cultiViars better 
adapted to tile agiocologics 01' SOltlllcist Asia., ,ild 
breeding cal develop thein. Analyses cited by Bv'ans (6), 
however, indicate tht genetic improvement of yield poten­
tial has contributed only 507 to long-term \icld increases in 
temperaite /.loes The ilnlaining increases have cole froillt 
iupro\ed Ilangellenlt. 

Figure 7 slows wlheal yields from the International Rice-
Wheat Integrated Trials (I RWIT) extei(lilg f'ronl 60 to 400 
N latitude. Our data show that wheat yields at latitudes 
below 200 N are not I t.'ha or !ess, as Figure 7 suggests. 
Yields from the saine wheat culli\ars grown in L.o Baflos 
with good crop managelent were nllueh higher than mean 
yields at corresponding latitudes ii IRWIT. Agronomic 
research and breeding efforts for low latitudes should be 
balanced. Good crop management includes not only optimal 
tillage, planting, geometry, fertilizer, and crop protection, 
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but also identification of suitable land and seasons in which 
wheat yields are least depressed. While agrolomic yield 
improvements tend to he more incremental (e.g., small 
increases froln plant density, N and P fertilizer, weed 
controil, etc.) and less impressive 1hanlmpy gains made 
priodically hy Introducilg new genetic reconbinations, 
good agl'tI)illic reseCarch inList coilplelllent wheat im­
provement prograllls in a concerted effort to increase the 
attraci\ciess of wheat as a postricc crop for Southeast 
Asian farners. It is the challenge to agronomists to identily 
and o\ercoile those yield-liniting factors that can be 
ilodified by nlanagement. 
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