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ABSTRACT

Rice-wheat rotation is common above 20° N latitude, and tiere is growing
interest in extending this rotation to areas nearer the equator in Soutbeast Asia,
where the entire demand is met by importing wheat. To increase self-reliance, the
governments of most Southeast Asian countries as well as intzrnational a zencies
have initiated varictal impros ement programs to deveiop wheat varieties adapted
to regioral environments. Sume adapted varietics have been released recently.

To determine the feasibility of cultivating wheat in the postrice season and to
identify optimal cultural practices, IRRIs Multiple Cropping Departnient has
conducted studies siace 1981 in Los Banos (14° 10’ N) and Cagayan Province
(17°46" N), Philippines. This paper summarizes the results obtained to date,

The presently available varietics have a vield potential of 2 t/ha or more.
Among varictics tested, UPLW-3 was the most productive. Sowings carlier than
I Dec exposed the seedlings to waterlogging, whereas sowings beyond 1 Jan
exposed the wrain (illing stages to higher atmospheric temperatures. A nid -
December sowing was found optimal. Maximum yiclds were obtained w'ch 100
kgseeds: ha sown at 20 em row spacings; increased seeding rates or narrawer row
spaciags did not increase vields. Wheat produced [ tgrain. ha without irrigation,
but maximum vields were obtained by applying icrigation at crown root
initiation, booting, and grain {illing. Fertilizer experiments supgested that,
depending upon the initial fertility level, wheat responds 1o more than 40 kg
N/ha. Applying.ali fertilizer at sowing or at carly growth was advantageous.
There wasna response to P Because at lower latitudes wheat growth is relatively
poor, crop duration is short, and yields are low, intercropping with crops such as
maize that are forger maturing and adapted to the regional environaient may be
usetul.

Identification of potential rice-wheat rotation arcas in Southcast Asia is
requiced. Wheat varicties with better adaptetion to the agroecologics of this
region are needed. Economue viabiiity and ecological sustainability of rice-wheat
sequences in arcas below 20° N latitude should be determined.

'Visiting research fellow, research assictant. and former head. Multiple Cropping Department, Iaternationa: Rice Rescarch Institute, P.O. Box 933, Manily,
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 20° C (15). The optimal
temperature for wheat growth is 10-20 °C (8). T herefore, in
many parts of subtropical Asia, especially India and
Pakistan, rice is grown during iiie hotter wet season (WS)
and wheat in the cooler dry season (DS) (Fig. 1), Lately, tice
- wheat sequences have become popular in many tropical
locations between 207 and 23° M latitude in [ndia. Bangla-
desh. and Chira, There » growing interest in extending
these sequences to arcas below 202 W (3) in Indonesia,
Malaysia. the Philippines, Thailand. and Vietnam.

In these lower latitudes, rice is cultivated in WS, In DS,
the fields are planted to rice or upland crops. or tallowed,
depending upen the availability of irrigation water. Pre-
seotdy, there 1y no significant commercial production of
wheat in Southeast Asia. The entire regional demand (more
than 4 million t vr) is met by importing wheat and wheat
flour from other countries at a huge cost (Table 1), Because
of increasing urbanization and changes in dictary habits, it is
projected that the demand for wheat will increase seeral
times. To reduce the large drain of already limited 1oreign
exchange and increase selt-reliance, the governments of
most Southeast Asian countries as well us the Centro
Internacional de Mejoramiento de Maiz v Trigo and the
international Center for Agricultural Rescarch in Dry
Arcas have initiated varictal improvement programs o
develop wheat varieties adapted 1o regional environments.

Many countries of this region have become surplus
producers of rice and therefore wish 1o diversily, Wheat,
being relatively drought resistant, is a ootential aiternative
crop whre cooland dry months occur. The development of
adapied wheat varieties will contribute to crop diver-
sification.

Wheat is actually not a new crop in the region. There is
evideree that it was eultivated from the 17th century to the
end of the [9th century in Cagayan Provinee and other
highlands of central Luzon in the Philippines (13;. Tt is still
grown in isolated highlands in Javain Indonesia. the Chiang
Mai region of Thailand, and parts of Burma (3). But the
varietics grown are not very productive.

‘The Institute of Plant Breeding (IPB), University of the

Philippines at Los Bafios, recently released three wheat
varieties that are somewhat adapted to hot climates
UPLW-1 (Trigo 1). UPLW-2 (Trigo 2), and UPLW-3
(Trigo 3). (In the carly vears covered by this review these
cultivars had 1ot vet been released by the Philippine Seed
Board. They were designated Trigo [, Trigo 2. and C169-6
[Trigo 3]. In subsequent sections, they are referred to as
UPLW-1, UPFLW-2 and UPLW-3, although in carlier
reports their other designations were used.) Many promising
lines are currently being tested. However, there has heen
little rescarch on the agronomic management regnired to
maximize wheat production in the tropies. The gronomic
practices arc likely to differ from those in subtropical and
temperate focations, because high temperatures adversely
alfect wheat phenology, growth, and development (7. 11).
To bridge this pap, the Multiple Cropping Department of
the Taternational Rice Rescarch Institute (IRR1) began
agronomic studies in 1981 DS, The initial studies were to
determine the feasibility ol cultivating wheat in the pestrice
scason (December-Muagrceh). This paper is a brief review of
field stugies from 1981 1o 198,

FXCTRIMENTAL SUTES

Wheat management research wis eonducted in § os Banos,
Laguna (147107 N) and Aleala, Cagavan (17°46° N), Phitip-
pines. In Los Banos, experiments were conducted on
lowland and upland ficlds of the IRRT Experiniental Farm
(cluvey, pH = 5.4-0.0. approximately 0.8 organic C). The
crop season is characterized by high day and night tempera-
tures with small diurnal variation (Fig. 2). Average annual
rainfallin Los Banos is 1Y8S mm, of which 262 mm is from
I Decto 31 Mar. The solar radiation hecomes increasingly
higher as the crop scason progresses.

In Cagavan, the experimemad ficlds were on aiecent river
terrace (clay loum, pH = 6.2) adjacent to the Cagavan River
(1), Relative to Los Banos, the Cagavan site has higher
maximum and slightly lower minimum temperatures, thus
exhibiting a larger diurnal variation (Fig. 2). The mean
annual rainfall is £.720 mm, of which IST mmis from | Dec
to 31 Mar. During the wheat growth scason, the two sites
receive sinilar solar radiation.
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Radiation (mWh/cm? ) Table 1. Size and value of wheat imports by Southeast Asian coun-
tries, 1983 (4).
650 |-
c . Wheat imports Valued
550 - -ountry (thousand t) (thousand USS)
Burma 7 1,260
450 Houg Kong 189 34,020
Indonesia 1,757 316,260
Malaysia 538 96,840
350~ Philippines 811 145,980
ol Singapore 149 26,820
Ternperature (°C) Sri Lanka 598 107,640
38 : Thailand 203 35,540
ab Vietnam 228 41,040
ok ox Total 4,480 806,400
26 Mn YA1 USS180/t
o S
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300 : N . . .
| y Unless otherwise ment oned, all experiments weie sown
200 with 100-120 kg seeds/ha in 25- or 30-cm rows. The fields
were fertilized at sowing time with 80-100 kg N/ha. The
00 crops were irrigated and maintained free of weeds. Atiempts
were made to keep the fields free from diseases and insect
pests. The major discases were Helminthosporium leal spot

Jon Feb Mar  Apr Moy Jun o Aug Sep Oct Nov Dec and foot rot caused by Sclerotivm spp. The main insect pests

2. Mean monthly weather data (1951-70) for Los Baiios and Cagayan, were pink stem borer (Sesamia ”l/“"""1~*') and corn carworm
Philippines, (Helicoverpa armigera). For convenience, the year of an



experiment is designated by the DS in which it was
harvested, although the crop may have been planted in
December of the preceding vear.

Sowing date

To determine sowing date effeets on wheat grain and diy
matter yields and days to flowering and niaturity, a trial was
conducted in 1982-83 in Los Banos with one promising line
(C220-5), two Scedboard-released varieties (UPLW-1 and
UPLW-3), and two introduced varieties (INIA 66 and
ANZA). Seeds were drilled in a well-prepared upland field
on 3 Dec, 15 Dec, 29 Dece, 12 Jan, and 26 Jan. The trial was
repeated in a well-tilled lowlund ficid in Cagayan Province
in 1983-84 and 1984-85. Sowing dates in the first year were
23 Dec, 7 Jan, and 20 Jan and in the second year 17 Dec,
29 Dec, and 15 Jan. All varieties used in Los Banos except
ANZA were tested in Cagavar Provinee,

Days to flowering and maturity were reduced in ail
varieties and at both locations, as sowing was delayed (Table
2, 3). Maximum dry matter and grain yields were obtained
when seeds were sown about the middle of December.
UPLW-3 was the highest yielder. Despite the cooler
ternperatures in Cagayan, grain yiclds were lower than in

Table 2. Response of wheat to date of sowing in Los Bafios, Philip-
pines, 1983 DS.

) . Days to Grain Dry  1,000-

Variety ?o‘t\t/zn(;,t yiel? matter grain
Flowering Maturity? (t/ha) (t/ha)  wt (g)

UPLW-1 3 Dec 82 61 95 2.7 10.2 28.8
15 Dec 82 53 86 3.1 10.6 31.2

29 Dec 82 54 86 2.5 9.9 29.5

12 Jan 83 51 82 2.0 7.4 27.5

26 Jun 83 54 83 1.2 5.9 23.7

INIA66 3 Dec82 61 95 0.5 4.7 24.7
15 Dec 82 53 86 1.4 5.4 21.8

29 Dec 82 54 86 1.1 5.3 23.2

12 Jan 83 51 82 1.1 4.2 229

26 Jan 83 54 83 0.5 2.7 24.3

C220-5 3 Dec 82 61 95 2.5 8.5 37.7
15 Dec 82 53 86 3.2 12,4 37.0

29 Dec 82 51 83 28 9.2 36.1

12 Jan 83 47 78 2.4 1.5 345

26 Jan 83 47 76 1.4 5.2 29.1

ANZA 3 Dec 82 61 95 1.2 9.7 29.7
15 Dec 82 53 86 2.1 5.9 27.1

29 Dec 82 54 86 1.8 6.9 25.6

12 Jan 83 50 81 1.9 5.8 26.9

26 Jan 83 47 76 1.1 49 21.5

UPLW-3 3 Lec 82 61 95 1.4 5.6 319
15 Dec 82 53 86 2.8 6.8 32.5

29 Dec 82 52 84 2.8 8.6 292

12 Jan 83 47 78 2.9 9.9 30.5

26 Jan 83 47 76 1.8 6.7 25.3

SE 0.6 0.6 0.2 0.2 1.2
Mean 3 Dec 82 61 95 1.7 7.7 30.0
15 Dec 82 53 86 2.5 8.2 299

29 Dec 82 53 85 2.2 8.0 28.7

12 Jan 83 49 80 2.1 7.0 28.5

26 Jarn 83 50 79 1.2 5.1 24.8

aComplete drying for harvest; physiological maturity will be earlier.
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Los Banos because Cagayan fields could not be maintained
free from water stress. Earlier sowings experienced tempo-
rary waterlogging during initial growth stages, whereas later
sowings were exposed to progressively increasing tempera-
tures, particularly after anthesis. The higher temperatures
after anthesis resulted in decreased 1,000-y;rain weight (Fig.
3). Such reduction in grain weight and consequently in grain
vield with increased temperature is well documented (1, 5, 7,
14). Circled points in Figure 3 arc from the 15 Jan 1985
planting in Cagayan, which experienced severe drought
stress after flowering, resulting in very low grain vield and
1,000-grain weight. These duta were therefore omitted from
the analysis,

Grain yields higher than 2.0 t/ ha can thus be obtamed at
lower latitudes provided that a variety such as UPLW-3 is
sown in mid-December to ensure that reproductive stages
occur at refatively cool atmospheric temperatures.

Tillage and planting methods

In 1982 DS, combinativns of three tillage levels (zero, two
rototillings, and conventional tillage [plowed twice, fol-
lowed by a rototlling]) and three planting methods (dib-

Table 3. Response of wheat to date of suwing in Cagayan Province,
Philippines, 1984 DS and 1985 DS.

Date of Days to Grain  Dry  1,000-

Variety 0 yield matter? grain
sawing Flowering Maturity? (1/ha)  (t/ha)  wt (g)

1984

UPLW-1 23 Dec 83 56 96 1.7 NR 37.6
7 Jan 84 53 94 1.6 NR 32.8

20 Jan 84 50 87 0.9 NR 29.9

C220-5 23 Dec 83 52 96 1.6 NR 44.0
7 Jan 84 51 94 1.6 NR 40,2

20 Jan 84 48 87 1.0 NR 36.2

UPLW-3 23 Dec83 44 86 2.1 NR 35.5
7 Jan 84 44 82 2.4 NR 34.0

20 Jan &4 44 81 1.4 NR 29.9

INIA 66 23 Dec 83 46 91 1.3 NR 29.2
7 Jan 84 45 82 1.4 NR 23.1

20 Jan 84 44 81 1.0 NR 24.8

SE 1.1 - 0.1 - 0.8
Mean 23 Dec 83 50 91 1.7 NR 36.6
7 Jan 84 48 88 1.8 NR 325

20 Jan 84 47 85 1.4 NR 30.2

1985

UPLW-1 17 Dec 84 58 100 1.2 4.6 27.0
29 Dec 84 53 90 1.1 3.8 24.0

15 Jan 85 50 84 0.8 3.0 21.0

C20-5 17 Dec 84 58 100 14 3.9 37.0
29 Dec 84 53 90 1.1 33 34.0

15 Jan 85 50 84 0.6 3.1 27.0

UPLW-3 17 Dec 84 49 86 2.0 6.0 29.0
29 Dec 84 47 83 1.1 3.1 28.0

15 Jan 85 45 80 0.6 2.2 20.0

INJA 66 17 Dec 84 49 86 1.0 4.2 240
29 Dec 84 47 83 0.5 1.8 23.0

15 Jan 85 45 80 0.2 1.2 15.0

SE - - 0.1 0.5 1.0
Mean 17 Dec 84 54 93 1.4 4.7 31.3
29 Dec 84 50 87 1.0 3.1 27.3

15 Jan 85 48 82 0.5 2.4 21.0

aComplete drying for harvest, physiolngical maturity will be earlier.
DNR = not recorded.
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3. Relationship of 1,000-grain weight to change in postanthesis
mean temperature, Circled points were omitted from the analysis,

Table 4, Effect of tillage and planting methnd on the yield (t/ha) of
UPLW-1 wheat, Los Bafios, 1982 DS.

o Injecting T Drilling
;r‘“‘lt”c- ) with D(lllfdbnhlx;k (Planet jr. Mean
reatmen RIpa S planter)
Zero 1.76 1.80 1.67 1.75
2 rotoiillings 1.74 1.82 1.61 1.72
Conventional 1.69 1.92 1.72 1.78
Mean 1.73 1.85 1.67
CV @)= 8.7%

CV (b) =10.3%

aRIP = rotary injection planter.

bling, drilling, and injecting by a rolling injection planter
[RIP]) were tested in Los Banos fields using U¥LW-1. The
cxperiment was sown on 24 "an 1982 in a lowland ricefield.
Grain yield was not affected by cither tillage or planting
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, would not have been exhibited.

Seeding rate and row width

Relative to wheat crops in temperate regions, number of
spikes per m* in tropical regions is low. Three experiments
were conducted to determine if spikes per m? could be
increased by increasing sceding rate or reducing row
spacing. An additional objective was to collect information
on the physiological basis of yield response to density and
row spacing.

On 27 Jan 1982, UPLW-1 was sown in 30-cm rows in a
lowland riceficld in Los Banos to test 100, 150, and 250
kg: ha seeding rates. These rates were components of an
experiment in which three N and three P rates were applied
to the main plots. The same experiment was conducted in
Cagayan in 1983-84. Sceding rate did not affect grain yield
oryield components such as grain number and grain weight
at cither site.

Another experiment was sown in Los Bados on 18 Dec
1985 to study the effect of seeding rate (100 and 170 kg/ha)
and row spacing (10, 15, 26, ang 25 em) on grain yield.
C213-15, a recently developed line from IPB, was used.

Regardless of seeding rate, tiller number increased as row
spacing decreired (Table 5). However, increased tillering
was accompanied by greater shoot mortality, as indicated
by spikes per m? at maturity. Nevertheless, spikes per m*
increased as row spacing decreased. Furthermore, there
were more spikes when the seeding rate was higher.

Table 5. Effect of row sowing and sceding rate on wheat, Los Baiios, 1986 DS.

Grain Dry matter (t/ha) Maximum 1,000-
Treatment yield no. of Spikes/m? grain Grains/m? Grains/spike
(t/ha) Anthesis Maturity shoots/m? weight (g)
Row spacing (cm)
10 2.79 5.69 8.05 795 417 37.2 7,495 18.1
15 2,80 4.90 8.39 758 395 38.5 7,685 18.9
20 2.67 4,45 8.12 674 362 38.1 7,018 19.7
25 2,63 3.98 7.65 654 363 38.0 6,910 19.5
Seeding rate (kg/ha)
100 2,77 4,58 8.24 701 338 39.6 7,091 20.8
170 2.67 4,79 7.86 739 427 36.3 7,463 17.4
?;li‘;lci;gf i Mean squares?
Row spacing (RS) 3 0.06ns  3.57%* 0.73ns 35,814** 5,710%* 2,3308 1,108,758ns 4,28ns
Sced rate (SR) 1 0.08ns  (,32ns 1.141s 11,7097s 61,342%* 90.4%** 1,105,79508 86.10**
lfS X SR 3 0.060s  (,28ns 0.62ns 14,787ns 2,374ns 2.09n8 516,669Ns 0.761s
Error 21 0.09 0.32 0.57 10,790 999 1.26 594,326 4.84
CV (%) 11.2 12,0 9.4 14.4 8.2 3.0 10.6 11.6
des .

significant at the 19 level, ns = nonsignificant,
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4. Seasonal change in leaf area index (LAI) and dry matter (DM) of

wheat, Mean over 2 seeding rates and 4 row spacings, Los Bafos,
1986 DS,

In all treatments, the maximum leal arca index (LAT) was
reached at flowering. after which it declined sharply (Fig. 4).
largely because of tilier mortality, There was no difference in
maximum LAT among treatments. Dry matter (DM)
increase followed a typical sigmoid curve (Fig. 4). At
anthesis, regardless of the seed rate, DM vield inereased as
row spacing deercased. At maturity, however, there was no
difference in DM viclds.

The advantage that narrow row spacing had in spikes per
m? was offset by a decline in 1,000-grain weight, Similarly.
the increasc in spikes per m® at the higher seed rate was offset
by a decrease in grains per spike as well as 1.000-grain
weight. Consequently, grain yield did not differ significantly
among the treatments (Table 5).

Thus, increasing plant density above that which can be
obtained from 100 kg seeds; ha sown on 20-cm row spacings
will not increase grain yicld by compensating for the low
spikes per m’ commonly observed in lower latitudes.
Similar conclusions were drawn by Midmore et al (12) from
a study in Poza Rica, Mexico, at 19° N latitude, where the
mean daily temperature ranged from 21 to 26 °C.

irrigation
Four experiments were conducted at Los Barios in 1981,
1982, 1983, and 1985 DS 1o answer the questions: Will yields
of wheat grown on residual soil moisture be sufficiently high
to be competitive with alternative crops in carly DS? 1f
wheat does not yield well under rainfed conditions in low
latitudes, what are the yicld responses to irrigation applied
at selected growth stages?

In the first year, three varicties — UPLW-1, UPLW-2.
and C48-11 -- were sown on 25 Dee 1980 in a lowland
riceficld. There were two treatments: 1) rainfed, and 2)
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Table 6. Effect of irrigation on grain yield, spikes/m?, and 1,000-
grain weight.@ Los Bafios. 1981 DS,

Grain 1,000-
Treatment yield Spikes/m? grain
(t/ha) wt (g)
Growing condition
Rainfed 1.76 b 315 b 4 b
Irrigated 2,26 a 361a 36 a
Variety
UPLW-1 2254 344 4 35 b
urLw-2 200 o 331a 33 ¢
C48-11 1.77 ¢ 268 b 37a

AWithin a treatment set, means in a coiumn followed by a common
letter are not significuntly different at the 5% level by DMRT.

Table 7. Effect of time of irrigation on grain yield and yiell compo-
nents of wheat, Los Bafios, 1982 DS,

Grain . .. 1,000-
Treatmentd vield prl]\'cs/ (:ra}ns/ Grains/ grain
(/i) m spike m? wt (g)
Irrigation
T (.84 344 9.7 3352 25
Ts 0.92 345 10.3 3542 26
T3 1.26 373 12.5 4670 27
T4 1.18 366 11.5 4200 28
Ts 1.82 412 15.3 6283 29
Variery
Trigo 1 1.10 326 12,0 3921 28
Trigo 2 1.28 410 11.6 4759 27
sko(a) u.15 44 1.9 475 0.1
SE(b) 0.04 28 1.1 125 0.1

dlrriguti()n stages: 1} = control (no irrigation), Ty = at 15 d after
emergence (DAE), T3 = at tillering, T4 = at booting, Tg = at 1§
DAL, at tillering, at booting, and at flowering.

sprinkler irrigated at crown root initiation (CRI), booting.
and flowering. Irrigation significantly increased grain yield
over the rainfed treatment (Table 6). The increase was
attributed to increased spikes per m® and to 1,000-grain
weight. UPLW-1 produced the highest yield.

In the next season, sceds of UPLW-1 and UPLW-2 were
drilled in a well-prepared towland tield on 29 Jan 1982, The
treatments were: no irrigation (T)), irrigated at 15 d after
emergence (DAE) (Ta). irrigated at tillering (Ta). irrigated at
booting (T4), and irvigated at 15 DAL, ullering, booting,
and flowering (T5). Trrigation was applied by surface
flooding; amount of water was not measured. Grain yiclds
of both varieties increased in response to irrigation (Table
7). Among the single irrigation treatments, irrigation at
tillering was most beneficial. followed by irrigation at
booting. These irrigations promoted grain setting as evi-
denced by increased grains per spike and grains per m,

In 1983, the experiment was repeated with additional
irrigation treatments. UPLW-1 seed was sown on 3 Dee
1982 in a well-prepared upland field. The treatments were:
noirrigation (T)):irrigated at CR1(T2); at CR1and booting
(13), at CRI, booting, and grain filling (Ty); at booting (Ts);
at grain Nlling (Te): at CR1 and grain {illing (T3); and at
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5. LEffect of time of irrigation on grain vield of UPLW-1. Los
Banos, 1983 DS.

tillering (Tx). Three irrigations (1) gave the highest yicld
(Fig. 5). However, the response to irrigation was not as high
as in the previous DS because more rain fell during 1983 DS,
As a result. yield in the rainfed treatment was also high,

In 1985 DS, an experiment was sown on 23 Dec 1984 to
evaluate the response of UPT WA UPEW22 UPHW-3 and
a promising line (C220-5) to declining water availability
during the gram lilling period. a common situation where
rains stop and irrigation water supply decreases with time
after planting. Frequent light irrigations were applied until
30 DAE; irrigation and rainfall during this period totaled
162 mm. At flowering, a line source sprinkler was used to
apply an irrigation gradient. The experiment involved 5
moisture regimes: cumulative post-ad DAF water applica-
tions were )T mmiin regime 1,96 mmiin regime 2,65 mm in
regime 3, 36 mm in regime 4, and 0 mm in regime 5.

UPLW-3 and €220-5 produced higher grain vields than
UPLW-1 and UPLW-2 at all levels of water availability
(Table 8). UPLW-3 had higher grain vield than C220-5 in
regame 5, suggesting that UPEW-3 has maximum tolerance
for a deerease in water availability,

The irrigation experiments showced that, when sown in
carly DS, wheat can produce 1t ha grain vield without
irrigation. Maximum vicld can be obtained by applying
irrigation at CRI, 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 sowing and on rainfall during the
crop season,

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

[rrigation ) ,
regime UPLW-1 UPLW-2  UPLW-3 C220-5 Mean
1 1.87 1.71 2.00 2,00 1.89
2 1.64 1.54 1.76 1.88 1.71
3 1.38 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 1.79 1.75 1.61
Source of
variation df Mean squares?
Variety 3 0.513*+
Regime 4 0.495**
Variety X regime 12 0.029**
SE (variety) 0.L45
SE (regime) 0.047

Tow significant at the 1% level.

Proper timing of small applications can improve extrac-
tion of stored soil water and water use efficiency. For
cxample, Ghildyal (9) reported that a single irrigation
applied at 33 DAFE increased soil water use by 25% and grain
vield by 81G;. To improve irrigation practices for rice grown
after wheat, further empirical studies on local soils are
nceded.

Fertilizer

Several experiments were conducted in Los Banos and
Cagayan to determine the response of wheat to fertilizer
(quanuty and time of application). N fertilizer response was
of major interest. The first fertilizer experiment was sown on
27 Jan 1982 in Los Banos to determine the sensitivity of
wheat to 3 N rates (40, 80, and 120 kg/ha) and 3 P 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 DAE. P fertilizer ¢.d not increase grain yield,
but N increased yield up to 2t/ 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 in grain yield was due
mainly to increased grains per m®. 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 Banos, rain vield response to P was nov
significant {Table 10). The response to 40 kg N/ha was
significant, and the efficiency was 11 kg grain/kg N.
However, the response from 80 kg N/ha was not signi-
ficantly higher. N fertilizer increased spikes per m® and
grains per m* 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 Banos on 3 December during



Table 9. Grain yield and yield components of wheat as influenced
by N rate, Data are mean over P rates. Los Banos, 1982 DS.

N rate Grain 1.000-
(ke/ha) yield Spikes/m? grain Grains/mn?
' (t/ha) wt(g)
0 0498 361 27 3.684
40 1.69 419 27 6,270
B0 2.04 456 27 7,576
120 2.02 453 27 7.5062
Sk 0,04 0.2

44

145

Table 10. Effect of N on grain yield and yield components of wheat.,
Data are mean over P rates, Cagayan, 1984 DS.

N rate Grair 1,000-
1 'mtv'» vieh: Spikes/m? prain Graing/m?
(ke/ha) (t/hay wt(g)
0 0.98 240 30 3178
40 1.44 293 32 3906
80 1.40 301 31 5197
Sk 0.30 37 1.4

972

Table 11. Grain yield of wheat as affected by rate and time of N
application, Los Banos, 1983 DS.

Grain vield (t/haa

N rate (kg/ha) at
© 30 d afer

Sowing PRV Irrigated Rainfed
e SOWINE T S
V] 0 0.95 d 069 ¢
40 0 2006 a 1.98 a
20 20 1.69 he 2.04
80 0 1.91 av 1.88 ab
40 40 1.90 ab 1.57 b
0 80¢ 1.52 ¢ 198 a
120 0 1.67 be 1.68 ab
60 60 1.61 be 1.98 u
CVis) 11.2 13.8

IMeans followed by a common letter are not significantly ditferent
at the 5¢% level by DMRT. ”Topdressed. CBroadcast when rain
occurred or when irrigated,

Table 12, Effect of time of fertilizer application (100-22-40 kg NPK/ha) on yield and yield components of wheat. Los Banios, 1986 DS,
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1983 DS. One experiment was completely rainfed, whereas
the other was frequently rrigated. Treatments and grain
vields for both experiments are summarized in Table 11,

N application significantly increased grain yield in both
experiments. However, there was no response beyond 40 kg
N hae The agronomice efficiency at 40 kg N ha was 25 kg
grain kg Ninthe irvigated experiment and 31 kg grain, kg N
in the rainfed experiment. Higher N fertilizer rates induced
lodging and reduced grain vields shightly. The reasens for
higher N use efficieney in this season relative to carlier
seasons are not clear. There was no evidenee to suggest that
spiitting 40 kg N ha improved agronomic efficieney. That
grain yiclds in the two experiments were similar once N was
applied suggests that soil water in the rainfed experiment
became available to the plant duc to increased growth after
N application.

Anoiher fertilizer experiment was conducted in Los
Banos during 1986 DS. UPLW-3 was sown on 28 Dec 1985
with 3 treatments: 100-22-40 kg NPK/ha applied at sowing
(T1),50-11-20 kg NPK, ha applied at CRT(20 DAS) and an
equal amount at booting (T3), and 100-22-40 kg NPK/ha
applied at CR1(T3). Grain yield was slightly reduced when
the fertihzer application was delayed as in T>{Table 12). The
full basal fertlizer application resulted in maximum DM
production, whereas later application cavsed more spikes
per m* and higher harvest index. This was accompanied,
however, by reduced grains per spike. There were no
differences amont treatments for 1,000-grain weight.

To study the interaction of N with sowing date, another
set of experiments was conducted in 1984 and 1985 DS in
lowland ficlds in Cagayvan. Sowing dates and sites are given
in Figure 6. Sowing dates were in niain plots of a split plot
design. Four N treatments (0,40, 80, and 120 kg N ha) were
applicd to subplots at sowing.

On all dates except one, N application and amount
significantly influenced grain vield (Fig. 6). Grain vields in
1984 S were much higher and the crops more N responsive
than in 1985 DS, In 1985 DS, experiments at both sites
experienced water deficits, with the late-planted crop the

Grain Dry

§.000-grain

Treatment yield matter ]:X::]‘;L:t Spikes/m? wit Gruinsfspike
(t/ha) (t/ha) ’ (2)

Ty = ali basal 2.51 7.18 5.0 460 31.8 17

T2 =1/2atCRI+ 12 2.31 80 48.3 532 325 13.
at booting

Ty =allut CRI 2.65 5.95 45.7 572 31.8 14.8

Source of

variation df Mean squares”

Treatment 2 0.112%* 5.64** 199.0ns 12823~ 0.731ns 14.9*

Error 6 0.00764 0.351 41.6 2482 0.262 i.54

CV () 3.5 9.9 15.0 9.6 1.6 8.2

Sk 0.06 0.42 4.56 35.2 0.36 0.87

a .
* = signilicant at the 5% leve], **

significant at the 1% 'evel, ns = nonsignificant.


http:0.4080.ad

10 IRPS No. 124, January 1987

Grain yield (1/ha)

235
20
LS
1.0
05

0
N{kg/ha) O 40 80 120 O 40 80 120
Sowing date 23 Dec 18 Dec
(Site 1)

0 40 80 120

bCI’I)(J

j—~—1984 DS +

0 40 80120 0 40 80 120
14 Jan 17 Dec 15 Jan
(Site 1) (Site 2) (Site 2)
1985 DS -]

6. Grain yields of UPLW [ at four N levels, Cagavan, 1984 DS and 1985 DS, Colunins headed by a common letter are not sig-

nificantly ditferent at the 5% level by DMRT,

most adversely affected. In general, fate-planted crops had
Tower vields and were less N responsive than carly-planted
crops, which suggests that N fertilizer does not overcome the
reduction in growth due to kigher temperature,

These tertilizer experiments demonstrate, under condi-
tons suitable for good crop development and depending
upon the initial tertility level, that wheat responds to maore
than 40 kg N haand thatapphving all tertilizer at sowing or
at an carly growth stage s advantageous, Under the
conditions of these experiments, evidence of Presponse was
not detected,

Iatercropping

An exploratory experinent was conducted in LLos Banos in
1986 DS to evaluate the feasibility of intereropping wheat
with a traditional and adapted crop such as maize. Because
wheat maturity is short ard growth is refatively poor in the
lower datitudes. intercropping 1t with relatively longer
maturing maize may increase the efticieney of space and
radiation. Six of the eight treatments in the experiment were
intercropped combinations of wheat and maze. Wheat was

sownon 19 Dec T985 i rows IS5 emapart ataseeding rate of

170 kg ha. Maize row spacings were established at 126, 150,
and 80 em by planting every Sthe 10th. and 12th row with
maize. Maize was planted at 2 densities (30,000 and 50,000
plants per ha [pphl) at these spacings. Muize monoculiure
(60,000 pph at 60-cm row spacings) and a wheat mono-
culture were included.

Grain yields of both wheat and maize were reduced in
intererops relative to monocerops (Table 13). The reduction
was more in maize than in wheat. Maize population did not
affect maize vield, but wheat grain vield was high when
maize population was low, Maize row spacing affected
maize vield but not wheat vield. Maize vield was higher with
closer row spacing. The total productivity of the land
{expressed as land equivalent ratio) was high when maize
population was low. The interaction between population
and row spacing was nonsigniticant. A part of the reduction
in wheat vield was due to periodic removal of plants infected

Table 13, Grain yields and land equivalent ratios for wheat + maize
imtercrop, Los Banos, 1986 DS,

Maize phimting Grain vield (1/ha) ent ratio

Land equi
density and

row spacing W heat Maize Wheat Maize  Total
Intercrop
SO000 maize pph
120 em 1.12 223 0.53 .62 1.1§
156, cm 111 1.81 0,52 0.49 1.01
180 cm 1.27 1.38 0.60 0.37 0.97
SO000 maize pph
120 cm 1.44 .84 0.68 0.50 1.18
150 em 1.42 .84 0.67 0.49 1.16
180 ¢m 1.31 1.38 0.62 0.36 (1L.98
Monoculture
Muize - 1.88 0 1.0 1.0
Wheat 231 1.0 0 1.0

Souree of

variation dt Mean squaresd

Treatment O 0.480%*  295**

Population ! 0.293**  0.88ns

Row spacing 2 0.00162ns 0,90*
bl

Population x 0.6485ns  0.10ns
row spacing

Sk 0.12 0.34

H . ver . 3
B significant at the 577 Tevel, ** = significant at the 1% level, ns =

nousignificant,

with foot rot and corn carworm. Also, there was partial
lodging in intereropped wheat.

This experiment suggests it is possible to obtain high
vields of wheat as well as a traditional Tow latitude crop
(maize) by intercropping. However, turther study is needed.

CONCTUSIONS

With present wheat cultivars, it is possible to obtain grain
vields of 2t ha or more. Among varieties tested, UPLW-3
wits most productive. However, even under the hest weather
and soil conditions in these experiments. the number of
grains per m® was too low for vields to exceed 3.0 t/ha



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 vield by increasing grains
per m*, N fertilizer is necessary to increase vield, but, given
the limited vield potential. rates exceeding 80 kg ha are
seldom likely to be cconomic. Even though wheat s
regarded as a relatively drought-tolerant species, it will
respond to irrigation. One to three well-timed irrigations
will probably be most cost-effective on many soils. More
empirical fertilizer and wrigation rescarch is needed to
determine optimum practices for local conditions,

LOOKING AHFAD

If wheat is to be commercially produced in the lower
latitudes of Southeast Asia. it must fit into local cropping
systems. Identification of potential wheat areas. as well as
determination if wheat can replace presently cultivated
crops, are required. I wheat is to be grown on irrigated
lowland ficlds during DS in regions such as the northern
Philippines where its vield potential is 2.5t ha. then it must
replace irrigated rice, tobaceo, gatlic, and vegetables, or be
grown on ficlds not presently used after V/S rice. 1f wheat is
to replace a crop, it has to be more remunerative than the
replaced crop. If wheat is to be grown on presently
uncropped land alter WS rice. arcas where small quantitics
of water are available for one or two irrigations must be
identificd. As a method to use water and other physical
resources most elficiently, intercropping wheat with tradi-
tional postrice crops should be evatuated. The attractiveness
of wheat as a commercial crop will also depend on
government programs, particularly with reference to exten-
sion, marketing, and price policies. A main reason for low
wheat vields atlower latitudes is poor tillering and poor tiller
survival. High tiller mortality contributes to rapid leat arca
reduction and low spikes per m=. Future wheat varicties
should be selected for high tillering capacity and high tiller
survival ratio. Clearly, there is a need for cultivars better
adapted to the agroccologies of Southeast Asia, and
breeding can develop them. Analyses cited by Evans (0),
however, indicate that genetic improvement of vield poten-
tial has contributed only 5074 to long-term vield increases in
temperate zones. The remaining increases have cone {rom
improved management,

Figure 7 shows wheat vields from the International Rice-
Wheat Integrated Trials (IRWIT) extending from 6° 10 40°
N latitude. Our data show that wheat vields at latitudes
below 20° N arc not | t/ha or less, as Figure 7 suggests.
Yields from the same wheat cultivars grown in Lo< Banos
with good crop management were much higher than mean
yields at corresponding latitudes 1n 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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7. Lffect of latitude on grain yield in the International
Rice-Wheat Integrated Trials (2).

but also identification of suitable land and seasons in which
wheat yiclds are least depressed. While agronomic yield
improvements tend to be more increinental (c.g., small
mercases from plant density, N and P fertilizer, weed
control, cte.) and less impressive than lumpy gains made
periodically by introducing new genctic recombinations,
good agronomic rescarch must complement wheat im-
provement programs in a concerted cffort o increase the
attractiveness of wheat as a postrice crop for Southeast
Astan farmers. Itis the challenge to agronomists to identify
and overcome those yield-limiting factors that can be
madified by management.
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