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Foreword

Only about one-fourth of the world's rice lands are irrigated. 
The remainder depend entirely on rainfall for water. Unfortunately, 
these rainfed areas have been bypassed by modern rice production 
technology and have received little research attention. As a 
consequence, the available technology is inadequate or inappropriate 
for the vast rainfed areas, such as those in South and Southeast 
Asia, which depend on unpredictable monsoon rains and suffer from 
either insufficient or excess water during the crop growing 
season.

There are three general rainfed systems: upland (unbunded), 
rainfed lowland (generally bunded and with water depth less than 
a meter), and deepwater. The two extreme rainfed situations of 
upland and deepwater have been the subjects of international 
discussion and cooperation in recent years as reflected by 
recent IRRI publications on the topics. The 1978 International 
Rice Research Conference focused on the intermediate category, 
namely, rainfed lowland rice, and organized the Institute's first 
international discussion on this important subject. It is 
estimated that such rainfed lowland rice occupies about one-third 
of the world's rice area.

Scientists from 28 countries participated in the discussions 
on various aspects of rainfed lowland rice   varietal improvement, 
crop management, cropping patterns, and socioeconomic aspects. 
This publication presents selected papers from the conference and 
reflects the dedication, enthusiasm, and growing interest of 
national programs in research to improve rainfed lowland rice 
production technology.

The keynote address of Dr. Ch. Krishnamoorthy, project director, 
All-India Coordinated Dryland Improvement Project, served well to 
elucidate the problems and potentials associated with the rainfed 
system. Drs. R. Barker and R, W. Herdt present a concise su.nmary 
of why the rainfed rice areas failed to get early attention, and 
follow that summary with an extremely valuable identification of 
rainfed areas and an analysis of their potentials for world rice 
production. For the first time we have pulled together country- 
by-country reports on the problems and potentials for rainfed 
lowland rice production and carefully examined the means available 
to focus attention on the research needs.



The other papers are addressed to the major constraints on 
rice production in rainfed areas. The current knowledge base as 
well as suggestions for future research is presented by authors 
with experience in rainfed areas.

The research strategies committee report at the end of this 
document presents effectively the multidisciplinary teamwork, 
international cooperation, and collaboration needed if science is 
to help improve the lot of the rainfed lowland rice farmer. One . 
immediate result was the creation in 1978 of the first International 
Rainfed Lowland Rice Observational Nursery (IRLRON).

The work of those who prepared country reports and background 
papers for the conference is gratefully acknowledged. Dr. D. V. 
Seshu served as chairman of the organizing committee and coordinated 
the technical editing of these proceedings, and Walter G. Rockwood, 
assisted by Gloria Argosino and Emerita Cervantes, edited the 
proceedings.

This publication should serve as a useful reference volume 
for scientists and administrators; we hope that it will stimulate 
further research on this important rice production system.

N. C. Brady 
Director General
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Rainfed lowland rice as a research priority   an economist's view

R. BARKER and R. W. HERDT

Modern rice technology has largely bypassed the rainfed areas of 
Asia as illustrated by the yield trends in Figure 1. Yields 
have risen significantly over the past decade in northern India 
and neighboring Pakistan, and in southern India and neighboring 
Sri Lanka. In those regions from 50 to more than 80% of the rice 
area is irrigated. In the largely rainfed rice-growing regions 
of eastern India and Bangladesh there has been no upward trend. 
Sharp year-to-year variation in both areas was caused by weather. 
Several reasons account for the little progress in raising yields 
of rainfed rice, but an important factor is that it has received 
little research. Why, some 17 years after IRRI's founding, is 
attention only now being focused on rainfed rice?

  First, it was not at all cleai.^17 years ago whether it 
would be possible to develop a superior rice production tech­ 
nology even for the irrigated areas. Once the new varieties 
were released, there was a major effort to improve their quality 
and build in resistance to diseases and insects.

  For a period of time many scientists argued that the 
modern varieties were superior to other varieties in almost all 
environments. Among our own scientists, the data to support 
such arguments came largely from experiments at IRRI and in 
nearby fanners' fields. Those were, unfortunately, favorable 
environments for rainfed rice production but not representative 
of most rainfed areas.

  Some observers argued that the new technology would be 
suitable largely in the irrigated areas (Hsieh and Ruttan 1965), 
and by the late 1960s it became obvious that the modern varieties 
were spreading only in areas with good water control.

The Conference on Rice Research and Training in the 1970s, 
held at IRRI in October 1969, marked a turning point (IRRI 1969) 
For the first time attention was focused on the rainfed rice 
area. During the next several years, scientists accumulated 
knowledge about the performance of the rice plant in unfavorable 
soil-water conditions. Work was initiated to develop varieties 
with flood and drought tolerance. This work was hampered by 
inadequate definition and description of the rice-growing

Agricultural economists. International Rice Research Institute, Los Bartos. Philippines. 
The authors acknowledge the assistance of Fe B. Gascon, research assistant.
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1. Rice yield trends in Bangladesh, Pakistan, Sri Lanka, and three regions of India, 1960—75.

environment. Even phrases such as rainfed lowland rice have 
different meanings to different people.

The purpose of this paper is to:

  define and describe the rainfed lowland rice environment,
  analyze the benefits and potential benefits from research, 

and
  discuss the barriers to effective research.

DESCRIPTION OF THE RAINFED RICE AREAS

The rainfed lowland rice setting includes all rice-growing 
areas except those that are irrigated, those where water exceeds 
1 ra in depth, and upland area fields where water normally is not 
impounded. We refer to this setting as the rainfed area.

Using the best data we could assemble, we estimate that 
about one-third of the world's rice land is rainfed (Tables 1 
and 2). Most of the rainfed rice is grown in South and Southeast 
Asia. The rainfed rice area exceeds a million hectares in 8
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Table 1. World's rice area (million ha) by type of culture, 1973-75.

Region

Ind ia
Other S £, SK Asi.l
Ch i na
Other developing

count riesi
USA, Japan, I'JSR
Others
Total world

Total

38..'.
..5.1
J4.1

10.3
4.2
5.2

137.3

Irri­ 

gated

12.6
10.5
30.7

1 .2
4.1

n.a.

Ki

Shallow- 
rain ted

n.f.
15.1

2 . 7

0.4
0

n.a.

ee area (million ha)
Mediun 
deep 

raint'fd

6.1
6.8
0

1
0
n.a .

IV. p- 

w.itcr

-, u
4 .6
0

0
0
n..i.

I'pl.ind

2.4
5.9
0. 7

4.8
0.1
n.a.

Arid 
hiph 

..£. P

2.0
1.6
n.a.

fl.5
n. ..
n.a.

LOUR 
days, 

lou tenp

0.3
0.6
n.a.

2.4
n.a.
n.a.

Q. Rep. i>f Kort-'a. North Korea, Iran, Afghanistan, .ill Africa, ;ill Lit in Ami-rim. 
n.a. = Jat.i iv»t available.

2. Prop-in i-ni ("') oi" rice artvi of various region!; hy tvp*.- of culture.

Re lion

India
Other S i SF. As i i
China
other developing

count ri es
'.'?.'., -lapar., 'JSSH
Total clas'iif ied-1

-     fers to percent

~"

Irri-
T-.'tal' 1 .-.at.-.i

JS 33
I! 2)
25 ar>

S 1 i
j 1g

•I:, 42

of w;irl d 1 S toL.ll ,

S'.alKvj
rainfe.l

33
34

8

4
0

2U

percent in

Rice* art
Medium
deep

rainfed

16
15

0

10
0

10

other colums

 n ( ' )

Beep-
water

,,
lO

0

0
0
5

refer to

Arid,
hiph

Upland temp

6 5
13 4

2 n.a.

l,h 4
2 n.a.

10 3

percent of

I,o np,
days

low te

1
I

n.a.

23
n. j.

3

,
mp

r.  . :.>:! in specified rulfjre. - Refers to 96* of total world area classified in 
first table.

countries (Table 3) and accounts for 65% or more of the total 
rice area in Burma, Vietnam, and Thailand. Information on rice 
area by country is in Appendix Table 1.

A detailed classification of the environmental factors 
influencing rice production is in Appendix T.ible 2. We use 
climate, soil, water, and topography to describe various facets 
of the rainfed rice-growing environment, with emphasis on water 
and topography. Definitions of the water environment are in 
Appendix B. The rainfed rice area is divided into shallow 
rainfed (5-15 cm water depth) and medium-deep rainfed (16-100 cm). 
The medium-deep area is further subdivided into intermediate-deep 
rainfed (15-50 cm) and semideep rainfed (51-100 cm). These 
water depths relate to rice plant type. Roughly speaking, 
modern semidwarf varieties can withstand water as deep as 15 cm, 
although they may not perform well in stagnant water. A few 
modern varieties of medium height (e.g. Pankaj and Mahsuri) may
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Table 3. Countries with I million ha or wire of rainfed 
rice by rank. 1973-75.-

Country
Are_a_ in rainfed rice 

(mil Ho- ha) (7.)

India
Eastern -
Others

Bangladesh
Burma
Vietnam
Thailand
Indonesia
China
Phi lipplncs
Other S & SE Asia

18.
9.
8.
4.
4.
3.
3.
3.
2.
1.
1.

1
9
2
6
3
7
6
4
7
6
0

49
51
4(i
48
84
71
65
39

8
46
29

— Eastern Uttar Pradcsh, lilhar, W. Bengal, Assatr.and Oriisa. 
Source: Appendix Tables 1 and 3.

withstand water as deep as 50 cm. Traditional tall varieties 
survive 1 m of water and floating rices are grown where water 
depth exceeds 1 meter.

It is presumptuous to assume that we can accurately determine 
the amount of rice grown in each water depth. Nevertheless, rough 
indications are useful and the definition by water depth helps 
avoid any confusion in terms. It appears that about two-thirds 
of the rainfed rice in Asia is shallow rainfed (Table 1). 
Modern varieties can grow in those areas, but only a small portion 
currently grows modern varieties.

A visualization of the topographic sequence of rice 
production is in Figure 2. This figure helps to relate physio- 
graphical and hydrological features. The definitions are 
further elaborated in the classification system by the Cropping 
Systems Program (IRRI 1976). The topographic sequence shows 
large distances covering entire river valley systems as well as 
microrelief within the area of, say, one village.

With a macroclassification one can make some rough estimates 
of rice land allocation. The lowland plains and river floodplains 
probably account for half to two-thirds of the total rainfed rice 
area. In those areas, flooding and stagnant water are the most 
serious problems. On the other hand, drought is the major 
problem on the terraced slopes. The plateaus may experience 
either drought or waterlogging.

D. Lenka (Orissa College of Agriculture, personal communica­ 
tion, 1977) shows how a categorization similar to the above is
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UtonMMrntM

2. An overview of the world's physiographically and hydrologicall, diverse rice cultural 
systems. The diverse systems are classified by the predominant hydrological feature of the 
crop environment: pluvial, phreatic, and fluxial (terminology from Moorrnann and van 
Breemen 1978). Source O'Toole and Chang (19781. Percent area in upland, lowland and 
deepwater rice adjusted to conform with Table I.

used to aenne rice culture in Orissa State, eastern India 
(Fig. 3, Table 4). After the monsoon starts, the land in 
categories he calls medium and medium high flood to different 
depths, and the duration of flooding determine the suitability 
of varieties in terms of growth duration. On upland terraces

WeeV. 23 27 31 36 40 

3. Variation of water table in rice field of Orissa (Lenka 1977).

49 52
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Table 4. Land category and rice culture in Orlssa (Lt?nha 1977).

Land 
category 

( topographic)

Highland

Medium high

Medium

Low medium

Low
(Cahir-Pat)
Very low
(Pat)

Rice 
area (7.)

15

20

27

23

12

3

Duration 
(days)

85-105

105-120

120-135

135-150

150-165

> 165

Sowing

10 June to
25 June
10 June to
25 June
H June to
20 June

b June to
14 June-
4 June to
14 June
4 June to
12 June

Panicle 
inf t in t i on

15 July to
T> Julv
25 July to
10 August
10 August to
25 Aut;i:st

10 September to
25 September
20 September to
5 October
30 September to
!5 October

Flowering

10 Au£U3t 10

25 Ausuat
25 AUKUSI to
10 September
10 September

to
25 September
20 October to
5 Nove.-nbe r
20 October to
5 November
30 October to
15 November

RlpeninR

10 September
to 30 September
22 September
to 10 October
10 October to
25 October

10 November to
20 November
20 November to
5 December
30 November to
20 December

and plateaus   - land never floods and short-duration varieties 
are planted to e*> ^ape drought.

It is useful to distinguish between the rainfed rice grown 
in the lowland plains and that grown on the terraces and 
plateaus. The farming practices and research requirements for 
the two broad areas appear to be extremely different. Much of 
the rice land in the medium-deep category is found in the major 
river deltas.

T^ie rival' del t;.;

Four major river deltas in South and Southeast Asia are planted 
largely to rainfed rice -- the >k?kong in Vietnam, the Chao Phraya 
in Thailand, the Irrawaddy in Burma, and the Gnnges-Brahmaputra 
in Bangladesh and eastern India. Probably more than one-third 
of the 35 million ha of rainfed rice in the region is found on 
those deltas.

With a few exceptions (such as Java), Southeast Asia 
historically has been less densely populated than India, China, 
and East Asia. It is puzzling that in the mid-19th century, 
the three fertile river deltas of Southeast Asia were less 
densely populated than the other areas of population concentra­ 
tion in Southeast Asia (Siamwalla 1972). One implication 
relates to farm size. Most farms in Bangladesh and eastern 
India are less than 1 ha, but those on the Southeast Asian 
deltas typically range from 3 to 6 ha.

The presence of the sparsely settled deltas in Southeast 
Asia set the stage for the first green revolution in rice 
nearly a century ago. The opening of export markets provided 
price incentives. No modern inputs were needed. Traditional
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|;.-::[ Transplanted oman single cropping 
| Broadcast oman single cropping 

I Aus single cropping
H Boro single cropping
I ! Nonrice land

4. Rn.£ '.roppif'j CJutt^'r 
delta. Bam'ytaili 'T,i- ;<

cultural practices were followed. The main limitations to 
output were a shortage of labor and capital.

It is sorr.ev.hat ironic that these delta areas, which became 
a najor source of Asia's exportable surplus in the 19th century, 
arc not :;ell suited to the use of the modern technology of the 
1970s. The potential of the new varieties is realized in areas 
of good water control and higli solar energy, precisely what the 
delta environment lacks. Modern varieties are planted in a 
negligible portion of the rainfed areas in the deltas. The 
exception is the Mekong, where high vielding varieties grew in 
217. of the delta in 1973 (Xuan 1975)'.

An excellent set of maps describing the physiography and 
cropping pattern of delta areas has been prepared by Takaya 
(1975) for the Mekong, Chao Pliraya, and Brahmaputra deltas 
(Fig. k-f>) . Figure 7 shows the rainfed rice-growing areas in 
lower Burma (Richter 1977). Rice is broadcast seeded on dry 
growth in areas of uncontrolled water that lie at the center of 
the floodplains of these systems   about one-third of the total 
delta area. The areas fall into the category of semideep and 
deepwater, and traditional tall and floating rice varieties are 
grown. Because of poor stand establishment and poor weed control,
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man seoson nee

f77\ Broadcast moin season rice 
*^" inckjding (looting rice [

Early season rice 

|«»| Double nee cropping 

| iNonricelond

50km

5. Rice cropping patterns in the Chao Phraya delta, Thailand (Takaya 
1975).

yields frequently are lower than those for transplanted rice. 
Much of the transplanted area is subject to flooding, but the 
margins of the delta contain a fan-terrace complex of foothills 
where water deficiency can be a critical crop growth factor.

Most of the rice grown in the rainfed delta areas is 
photoperiod sensitive, i.e. flowering is triggered and hence 
harvest date determined by day length. If we define the period 
having monthly rainfall of more than 200 mm as the monsoonal 
season, the earlier onset of the monsoon in Bangladesh and 
eastern India permits a photoperiod-insensitive aus crop to 
be grown. There are more than 2 million ha of aus in Bangladesh. 
In some of the deeper flooded areas of the Ganges-Brahmaputra, 
Irrawaddy, and Mekong deltas, a single crop of photoperiod- 
insensitive rice is planted as the floodwaters recede (Takaya 1975).

Major soil problems exist in the delta areas. About 
700,000 ha of acid aulfate soils in South and Southeast Asia 
are found in the deltas. Some of these soils can be utilized 
for rice production if tolerant varieties can be developed 
(IRRI 1977). Salinity is also a problem on more than 4 million 
ha in the Ganges-Brahmaputra and Irrawaddy deltas (Ponnamperuma 
1977).

Cropping patterns in the deltas are also closely related to 
soils. The heavy clay soils severely limit the potential for
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['-, J Transplanted monsoon rce 

Broadcast monsoon tee 

Dcxtk? transplanted rce

\jf] Dry season rce

6. Rice cropping patterns in the Mekong delta of Vietnam, 
based on the Netherlands delta development team report 
1974 (Takaya 1975).

growing a second crop in combination with rice. However, second 
cropping is common in the sandier soils and shallow water table 
area of the Ganges-Brahmaputra delta, and is practical on from 
one-third to one-half of the area. The detailed description of 
the Chao Phraya River Basin by Fukui (1973) illustrates the 
relationship between physiography, water conditions, soil 
fertility, planting practice, farm size, and paddy production 
(Table 5). Generally speaking, farm size was larger in the 
broadcast seeded than in the transplanted area, but yields are 
higher in the latter. The notable exception was the water- 
deficient foothills where production was highly variable. In all 
other regions, the paddy production per farm family was uniformly
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Rice on irrigated tard 

Rainfed rice 

Dry zone crops

India

7. Irrigated and rainfed rice-growing areas of Burma (Richter 1977).

high, with a sizable marketable surplus. (A typical family 
requires about 1.5 to 2 t of paddy rice per year for home 
consumption).

Rainfed terraces and plateaus

Much rainfed rice is grown on gentle to steeply sloping terraces 
in areas that are difficult to irrigate. The position of the 
paddy on the terrace affects the soil and water conditions and,
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therefore, the cultural practices and cropping patterns. 
Farmers are highly conscious of these differences. Many areas 
have local systems for classification of paddy position that 
depict, in microcosm, the system described in Figure 2. For 
example, in the terraced areas of the Chotanagpur hilly region 
of eastern India (covering parts of Bihar, Orissa, and West 
Bengal) the rainfed terraces are in tout categories: upland 
(coarse-textured , light, badly eroded soils), medium upland, 
medium lowland, and lowland (with intermittent flooding and 
drainage). Gora paddy is grown on the uplands and can be 
harvested in about 85 days, but yields are typically less than 
1 t/ha. It generally is argued that crops other than rice would 
perform better in these areas. Soils are more fertile and 
yields higher in the medium lowlands and lowlands and sparse 
plantings of high yielding varieties are found in the more 
fert i le areas.

There is a general tendency for yields to br. lower in the 
higher elevation bunded terraces. A series of experiments in 
farmers' fields at two rainfed sites in Central Luzon, 
Philippines, showed a yield decline of more than 700 kg/ha for 
every 1 m increase in elevation (IRRI 1973).

Rainfed farms with poor soil and water resources are some­ 
times larger than farms with better land quality or in irrigated 
areas (Table 5). However, this is not always the case. Many 
hill areas were settled by farmers migrating from the lowlands 
and in areas of intense population pressure, as in eastern India, 
farms on less fertile upland terraces may be smaller than farms 
in the neighboring lowlands.

The single largest plateau area extensively planted to rice 
is the Korat Plateau in northeastern Thailand. More than 3 
million ha in this plateau grow rice -- about 40% of Thailand's 
total rice area. Only about 100,000 ha are irrigated. The 
Korat Plateau soils are infertile and average rice yield is 
about 1.5 t/ha, compared with more than 2 t/ha for the rest of 
Thai land.

Pain fed vs. iTT-iyated vice farms

Socioeconomic studies of farming in the rainfed rice-growing 
areas are relatively few. The major research interest over the 
past decade centered on the modern varieties and on the irrigated 
areas where the major changes in rice production were taking 
place. The introduction of the new rice technology widened the 
yield gap between the rainfed and irrigated areas. With the 
exception of the Philippines, where 70% of the rainfed area is



Table 5. Regional division of rice land in the lower Chao Fhraya River Basin, Thailand (from Fukui 1973).

Rice area (ha) Paddy £p
cultivated

Rice cultural
regions

Water-
deficient
foothills

Barrage
Irrigation area

Canal led
lowland

l«ss flooded
delta

Physiography

Pan-terrace

complex area

Old delta

Delta flat

Deltaic
hlRh

Water
conditions

Effective

Ineffective

Controlled
Uncontrolled

Uncontrolled

Controlled

Soil
fertility

Low

Medium
Hlgti

Low

HlRh

Planting
system

Transplanted

Transplanted
Broadcast

Broadcast

Transplanted

Faddy yield
ft/ha)

1.0

1.8
1.8

1.0

1.8

- 2.5

- 2.2
- 2.2

- 1.5

- 2.5

per farm
family

3

3
3

5

3

- 4

- 4
- 5

- 7

  4

production (t) Approximate
per farm
family

2-7

5-7
6-8

6-10

7 - 12

rice area
(thousand ha)

600

80
310

750

280

5"
S1
0.5"

ETno.
1'

t»vt

5a
SO

3-
 a
o'
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planted to modern varieties, the rainfed areas are planted 
almost exclusively to traditional varieties.

Input use and returns above variable cost are compared for 
a sample of rainfed and irrigated farms in three Philippine 
studies: Nueva Ecija (Table 6), Camarines Sur (Table 7), and 
Iloilo (Table 8). Similar data are shown for Suphan Buri, 
Thailand, which is on the western edge of the Chao Phrava delta 
(Table 9). In each case, the rainfed and irrigated areas 
represented neighboring farms or villages. In all cases, yields, 
input levels, and returns per hectare on the rainfed farms were 
substantially lower.

Table 6. Comparison of fara size, input MSe, yields, ami returns on three samples of rainfed 
and irrig.-ited rice fares in Nuev,i rrlia, !'!  11 ipr. n<".«, 1175-7? wet stMsons.il

Water Farias Far= Hired CWr.lcal Other Yield Return
control (no.) size \.eedin^ fertilizer chemicals (t/ha) above

(ha) labor (k,; (t'SS/ha) variable, cost
ldavs)._ njtrifnt</ha)______ _ (us; /ha)

Rainfed 
Irrigated

62 2.3 3 47 
12o l.i 5 7t>

9 1.9 216
20 2,b 288

i Saaples ui 70 !anr.s in 1975, 50 In I97b. and 70 in 1977.

and irrigated

Va t e r
control

Rainfed
Irrigated

rice fa

Fares
(no.)

41
116

Farm
size 
(ha)

1.7
1.9

Hired
weeding 

labor
(davs)

S
14

Chemica 1
fiTti 1 12-.T

rr-JtrU-r.t s/ha)

32
73

Other
chcrlca Is
(t'SS/ha)

10
15

Yield
It/In.)

2.2
3.2

Return
above 

variable cost
(L'S5/ha)

262
366

£ Samples of 40 fanas In 1975, 51 in 1976, and 66 in 1977.

Table 8. Comparison of yields, cost and returns for 2 crops of rice under rainfed *nJ irrigated 
conditions, 98 plots. Barrio Oton and Tiflbauan, Iloilo, Philippines, 1976-77 (Koxas et al 1977).

Vftter
control

Ealnfed
Irrigated

Plots
(no.)

25
48

Yield (t/ha)
1st crop 2d crop

2.3 1.7
3.2 3.3

Labor
(dav»/ha)

140
113

Material
cost

(USS/ha)

85
130

Return 
above

variable
COIt

(USS/ha)

250
570
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Table 9. Comparison of yields, input use, and returns on 91 rainfed and irrigated farms in 
Sakrachon village (rainfed), Rairot village (irrigated), Don Oiedi, Suphan Buri, Thailand, 
1971 wet season (Sriswasdilek 1973).

Water
control

Rainfed
Irrigated

Farms
fno.)

44
47

Farm
size
(ha)

5.4
5.3

Modern
varieties

m
4

41

Yield
.. (t/ha)

1.1
2.7

Labor
(days/
ha>

44
'.OJ

Chemical
fertilizer
(k«/ha)

0
54

Re turn 
above

variable
coat

(USS/h«)

36
80

Table 10. Fertilizer, drought, flood, and yield comparisons for sample rainfed and irrigated rice 
farms, Philippines, 1975-77 wet seasons.

Catnarinca Sur Hucva Eci-la

Farms Fertilize Yield Farms Fertilizer Yield
(no.) (kg/ha) Drought^ Flood^ (t/ha) (no.) (kg/ha) DrouRht^ flood- (t/ha)

1975

Rainfed
Irrigated

Rainfed
Irrigated

Rainfed
Irrigated

12
28

2
49

27
39

11
42

27
66

41
105

25.3
17.4

2.5
0.7

13.4
0.5

1.5
0.1

0.5
0.2

0.4
0.3

1.8
2.6

1.4
3.2

2.4
3.6

18
52

1976

19
31

1977

25
45

53
61

27
73

59
95

27.
29.

2.
1.

6.
1.

9
6

5
1

9
4

2.9
1.4

3.5
0.4

2.1
1.4

1.6
2.5

1.2
1.4

2.4
3.2

- tt * P2 0 5 + K20.
- In 1975 and 1977 the figures arc the number of days of flood or drought In the season. In 

1976, they are the reported frequency of flood or drought In the previous 5 wet seasons.

Are rainfed farmers relatively more conservative or 
averse to risk than irrigated farmers? The hypothesis was 
tested using data from research at Camarines Sur and Nueva 
Ecija for the 1975-77 wet seasons. Table 10 summarizes the 
fertilizer, water control, and yield data. It is obvious that 
the better water control and higher inputs on irrigated farms 
resulted in higher yields. However, it is not clear whether 
this was due to a more favorable yield response on the irrigated 
farms or to the greater aversion to risk of the rainfed farmers. 
This may be judged by determining the profit maximizing level 
of fertilizer for both groups of farmers and comparing the 
profit maximizing level with the actual level that farmers use. 
The group that is more averse to risk would be expected to use 
less fertilizer relative to the maximum profit level.

Table 11 shows,for the two groups, the actual and optimal 
levels of fertilizer calculated from a fertilizer production 
function derived from previous research in farmers' fields.

h.
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LiMe 11. Optina! nitrogen," .ictu.il nMrotfen and r.i t io of narKln.il valn 
offn'tivi' fortiliier prici- for irrigated .ind rainff. 1 ri,~c far-*'. with av 
,v drought d.iv-s (SDI. Philippines. 1975-77.

of produot IMVP) to 
r.ici1 and hii:h IIUT.NT

lariiinal value of Marittn.il vain 
pivJiu-l ot product: efti'crlvv

SJBI 1,.

i"a:r_ir ir.fs S.ir
rainftJ

Carar im-s Sur
In tt.-dt.-d

Nut'va Eci J.i
r.iinftd

Ac t. j a 1 
S (kn/Kj}

:-

49

33

OptiM 1

AV sr>^

73

? ; )

 L"

in iriv,»-n

HUM Sl>&

50

7i

V*

actual rr-

Av SI> Hi;;h SD

^.U' *».**

7.-1 <-.Ot,

7.7S ; .l#j

product: effective 
f.-rt. prlci-9 __

1.5 

l.i

tj.37 i.9S

iralculat.d fro= tnc function Y = 185J » lo.3S S' - O.Oh  ;' - 50.42 sn - 0.39 S x SH, uht-re- K
is nitro>-.v!u ar.J SO is s'.rvss davs. palay price ; ny. in '.'araritu-s S,;r and 1.00 in Nueva Ecija. 

b Sei. footnote^ for fertilizer price.
-Av SD equals K1 stress davs for rjlnfed. 5 fjr irrigated fanrs in CaTidilnes Sur and equals b 

and t- stress davj. fcr Tainted ar.d irrigated far~b in Nueva Kcija. Hi*;'! SD equals 17 and 9 for 
rainted anj irrigated farr.s in Carurines Sur, and (Cuat? It ai;d 12 for r-Mnfetj and irrigated 
faru.s in Nuev^ rlcija.

-Effective fertili:.-r rrlct. :n Nueva Fc i   i pqiul'iP ).';7'kR. In C..is-jri:u's Sur 311 of the fanners 
are '.hare-t t-nar.ts. 3.". of I.-NCO pay all fertilizer costs and shnrt output -Jlth the landlord 
in Z5-75 ratio; a.e. ^3", of the sar.pl, have, inequitable tenure. Effective fertilizer price lor then 
is thcrefire P 3.3' (.u-tu.il) t (1 .!); x .-51   P4.96. The 77", have effective price* equal to

The production function excludes flood effects, but includes 
drought effects. The latter interacts with nitrogen fertilizer, 
so optimal levels for different moisture conditions are different 
for the four cases considered. Average and high levels of plant 
moisture stress are derived from the survey data. Because 237, 
of the farmers in Camarines Sur were share-tenants who paid all 
the cost of fertilizer, the effective fertilizer price was 
adjusted to reflect the 25-75 landlord-tenant sharing arrangement.

The last two columns of the table show that farmers use 
fertilizer to achieve a return 1.5 to 2.0 times as great as cost. 
Rainfed rice farmers are slightly more conservative in fertilizer 
use but it is impos: Mile to claim there is any large difference 
in the degree of risk-aversion between the two groups. Both 
groups apply fertilizer so that, even in a year of relatively 
high moisture stress, they will have a marginal return to 
fertilizer 1.5 times its cost.

THE POTENTIAL IMPACT OF SHORT SEASON VARIETIES

In much of the world's rice-growing area, yields tend to decline 
as the harvest extends into November and December. The patterns 
for this are not uniform from year to year or site to site, but 
it is clear that in many areas there may be advantages from 
advancing planting and thus date of harvest. This is particularly
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true in rainfed areas where an advanced harvest may allow the 
crop to escape drought. Consider, for example, the upland 
rainfed areas in much of eastern India. The monsoon tapers off 
rapidly in late September or early October and the sandy red 
soils (Ultisols) dry quickly and the rice plants suffer from 
drought within a few days. At the same time, because of delayed 
planting of the rainfed crop, much of it is in flower. A 
similar situation exists in some areas of the Philippines 
where data now are becoming available to document the impact 
of early maturing varieties. The Rainfed Upland Rice Project 
(RURP) was initiated in Central Luzon in 1971 in Bulacan and 
Nueva Ecija. To evaluate the impact of the project on rice 
production, 12 rainfed villages were surveyed in 1971, 1974, 
and 1977. More than 200 farmers were interviewed each year 
to obtain information on cultural practices, input use, and 
yields.

Two-thirds of the RURP area was planted to modern varieties 
at the start of the project. In 1971, IR5 was the most widely 
planted variety. After a severe outbreak of tungro virus, IR5 
nearly disappeared and by 1974, IR20 was the most widely planted 
variety. After 1974 other early maturing varieties became 
important and by 1977, IR36 was the most popular variety.

For the sample of farms yields were somewhat higher in 1974 
than in 1971, and were sharply higher in 1977 (Table 12). To 
identify the reason for the increase, we examined the data for 
72 farmers planting only IR5 in 1971, for 32 farmers planting 
only IR20 in 1974, and for 28 farmers planting only IR36 in 
1977.

Trend in yield by date of harvest is shown in Figure 8 for 
each of the varieties. The yields of IR5 dropped sharply 
because the late planted crop was severely affected by tungro 
virus (IRRI 1973). IR20 yields were reduced by typhoons in 
1974. It appeared initially that 1977 also would be a bad year 
because rains started late and farmers were delayed in planting 
by about 2 weeks (Fig. 9). Despite this, IR36 plantings were 
harvested at least a week earlier than those of IR5 and IR20.

T.ible 12. Averse rainfed rict- yield -uul nitrogen use in 12 
rJinfod village* in Rulac.in :md NUL-V;I I\-ija, Phi I ipp ines, 19?1, 
1974, .mil 1977.

Year

1974
1977

Yin Id 
(t/lm)

1.5 
2.2

Nitrogen useJ

35
39
43
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Y*kJ(t/ha)

Av yield (I/ho) 
IR5 1.0 
IR20 15 
IRJ6 a I

OHM—— 
— Sep-t- -Oct- -Dec-

8. Three-week moving average of yield of three varieties in 3 years 
in Bulacan and Nueva Ecija, Philippines.

By the first week of November, about 80% of the harvest on the 
IR36 farms was complete. Yields tapered off for the farms 
harvested after the first week of November, However, the yield 
decline was delayed by several weeks compared with that for IR5 
and IR20 (Fig. 8).

In 1977, early maturing modern varieties, including IR36, 
yielded 2.2 t/ha, medium maturing modern varieties 2.2 t/ha 
and medium-late maturing varieties 3.2 t/ha. All three varietal 
types performed well. The principal medium-late variety C4-63 
was grown primarily in the 2 southernmost of the 12 barrios 
surveyed where soil and moisture were more favorable. Under 
ideal conditions the medium-late maturing varieties, such as 
C4-63 or IR5, gave higher yields than IR36. It is recognized 
that a decrease in yield may occur as the maturity date is 
shortened, but there is no precise information on the probable 
magnitude of decline.

Information on the relationship between age of seedlings, 
length of maturity, and yield are also inadequate. For modern 
varieties, the recommended practice has been to transplant 
sesdlings at 21 days of age. It was argued that yields decline 
as seedling age extends beyond 30 days. Farmers in the survey 
area typically transplant 35- to 40-day-old seedlings, which 
may help explain the short growth duration of 80-85 davs for 
IR36 (Fig. 9). y
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1

Cumulative area (%) 
100

— May-1—v)un——I—Jul
————— Planting weeks -

Oct —I—Nov—I—Dec—I 
— Horvestng weeks ————I

100

80

60

20

1974
1971

I I I
— MayH—Jun —1—Jul —
——————— Plontaj weeks -

- Aug- -Sep-
-I——

-Ocl —I—Nov —I— Dec-
— riarvesling weeks ———

9. a) Cumulative frequency of area planted and harvested weekly in 3 
years for three varieties, Bulacan and Nueva Ecija, Philippines, 
b) Cumulative frequency of area planted and harvested weekly in 3 years 
in Bulacan and Nueva Ecija, Philippines.

There is evidence that the sharp increase in yields in the 
survey areas between 1974 and 1977 was due to both favorable 
weather and early maturing varieties. The use of early maturing 
varieties was particularly beneficial in 1977 because of the 
delay in transplanting due to lack of rain. But even for this 
small area, early maturing varieties are not the complete
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Tihle 1 I. I'si 1 nf f.irly n.Hiirim: n.-v- v.irirtir^ .UK! .kMtbU'- 
v-r 'i'i1 "' n*', in i"1 !- 1 :: .in-I Ti i;b;uun, 1l.»: 1,1, )'h i 1 i ; >:  in*.'-.. rn'p '.v.

1971--77 
1S77-7S

answer. In the future, farmers may discover that the proper 
choice of variety will depend on when the monsoon starts. For 
example, if the rains are early, later maturing varieties 
planted before 1 July may give a higher yield than early maturing 
varieties such as IR36. Farmers will have to weigh the potential 
for added yield against the added risk of delaying the harvest 
date, or the potential for growing a second crop following rice.

The experience in Central Luzon was repeated elsewhere in 
the Philippines. In Iloilo, for example, the introduction of 
early maturing varieties resulted in an expansion in the area 
double-cropped (Tinsley et al 1977). From 21.. in 1974, 55% of 
the area was planted to early maturing varieties by 1977 and 
the dr uble-cropped area rose from 5 to 477; of the total 
(Table 13). In Iloilo early maturing varieties are normally 
sown on land prepared before the first of July. The wet-seeded 
method (broadcast seeding on puddled soils) is used, which 
facilitates the growing of two crops. There seems to be little 
difference in yield between wet-seeded and transplanted rice. 
On land prepared after the first of July, late maturing varieties 
are planted and only a single crop is harvested.

We emphasize here that the early maturing photoperiocl- 
insensitive varieties are appropriate only for specific rainfed 
situations. An important body of research is devoted to the 
improvement of photoperiod-sensitive varieties that are generally, 
but not always, late raturing. These varieties are designed for 
areas of deeper water so that ripening and harvest can be timed 
to occur as the floods recede.

POTENTIAL BENEFITS FROM RESEARCH

In this section, we examine the benefits to be derived from 
research on irrigated, rainfed, upland, and deepwater rice. 
Our objective is to assess the potential contribution of

.
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research on rainfed rice to increased production of rice and 
other crops in the rice-based cropping systems.

The distinct differences in the rainfed and irrigated rice- 
growing environments lead to differences in technology and, 
therefore, research requirements. Theoretically, to maximize 
the productivity of research resources, expenditures should be 
allocated so that the increase in productivity and the 
additional amount of funds spent on research for each rice 
environment are equated. A refinement of this approach would 
be to identify research inputs by research problem area or 
project (e.g. drought resistance). The analysis should take 
into account the extent of the area with an environment in which 
the new technology is suitable, the expected productivity gain, 
the direct costs involved in using the new technology or the 
reductions in costs achieved, the probability of success, and 
the time period until the productivity gain is. achieved. A 
model that includes all these factors is shown in Appendix C.

Data for the analysis described above cannot be readily 
obtained. However, a simplification way implemented by the IRRI 
Long Range Planning Committee, and is presented here. A group 
of IRRI scientists estimated the anticipated increase in rice 
yield and cropping intensity that would be possible from 
reasonable research inputs directed at each environment. It 
was assumed that these yields could be realized over a 20-year 
period. The probability of success, the direct cost of technology 
for each area, and the time required to achieve success were 
assumed to be identical for all environments. Thus, the 
objective of the exercise was to estimate the value of the 
potential increase in production in each area.

Increase in total production was assumed to be due to the 
gain in production from yield, cropping intensity, and new 
irrigation development. Gains in yield and cropping intensity 
are shown in Table 14. The first two columns of Table 15 show 
the land area in specific categories and the changes that will 
occur if the irrigated area grows at 1.5%/year. The gross area 
in rice increased by 3 million ha because of the increase in 
the area double-cropped, but the area in rainfed rice declined 
by 6 million ha as rainfed rice was converted to irrigated rice.

These estimates include a good deal of judgment, buc ai 
increasing amount of information is becoming available on which 
to base a reasonable potential. For example, Jackson 
(1977) reports experimental yields in Thailand of 3.8 t/ha in 
shallow water, 2.8 t/hn in 60 cm water depth, and 2.4 t/ha 
in 100 cm water depth.
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Table 1*. F_st in.it i-d dm ijuis in yield .imJ o ri»ppiii£ intensity for spyci f i ftl envi ronm-ntal 
roisploxi-s in South .inJ louthtMst Asi;i, I 1*70s to 1990s.

Environrcenta 1
complex

Irrigate*'
Sha 1 low
rainfed

Med iun-deep
rainfed

Deepuater
Upland

1970s
(11

3.0

l.S

1.0
1.0
1.0

Yield
(.t/lial
1990s

( 2 ^

i.i

2 . tj

l.S
1.5
1. =>

Change
(3)

1.1

O.S

O.e
0.5
0.5

Sic
i

1970s
( 4)

1.2

0.7

0.6
0.9
O.S

e cropping
nt ens
1990s

P)

1.0

1.0

0.9
1.0
0.!<

ttv
Change

(b)

0.4

0.3

0.1
0.1
0

I'P land cropping
intensity

1970s
(7)

0.3

0.4

0.3
0.3
0.5

1990s Chaise
(8)

0.5

0.5

0.5
0.4
o.«

(91

0.2

0.1

0.2
0.1
0.3

Table l r-. F-st:

Asia, 1970s to

cor.plex

Irrigated
Sha lieu

rainfc-d
Mediuni-dt't;p
ra in fed

Deepwater
L-pIand

Total

to vic-U

1970s
(11

27

29

13
7
(i

S4

area b
en h.ll

1990s
( 21

36

25

11
7
B

o /

Yield 
increase^
(t/ha)

(31

1.1

O.S

0.3

0.5
0.5

I'ndiscoimted

irrti:at ioni'
(Dill ion tl

(41

27.0

 7.2

-2.0

0
0

17.8

Undiscount ed

extension due to
rai I 1 ion

( 5)

39.6

20.0

a.s
3.5
4.0

75.9

t Billion
(h)

3.96

2.00

0.38
0.35
O.'.O
7.59

vluld^-

1,'SS 7.
(7)

52

26

12
5
5

100

 Biased on estimates of th..- IRRI Loni; rUni^t- Planning Cocnittee.

 Irrigated area is assumed to incrt-ast at 1.5"/annun and £ross land area at 0.27,/annum.

—frcKr, culur.n 3 of raM*- 14.
^Col. 4 equals col. 2 x - col. 1 ol Table 11. Benefits are £or the 20th year.
~Col. 5 i-quals roi. 3 x col. 2.

The increase in rice production in the 1990s from expansion 
of irrigated land, assuming no change in the 1970s yield level, 
is projected as 17.8 million t. If the value of rice is assumed 
to be US$100/t, the undtscounted benefit in the 20th year will 
be US$1.78 billion. The benefits from research and extension 
are estimated by multiplying the yield increase (col. 3) by the 
1990s area (col. 2). The results shown in paddy rice (col. 5) 
are equivalent to $7.59 billion (col. 6). Rainfed rice accounts 
for 387, of the total research-extension benefits that result in 
an increase in yield (col. 7).
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Table 16. Estimated contribution of research and extension to increase in rice and upland crop 
(UC) production through cropping intensity in specified environmental complexes. South and 
Southeast Asia, 1970s to 1990s.°-

Environmental

Irrigated
Shallow
rainfcd

Modtum-dcep
rainfcd

Dccpwatcr
Upland

Total

Ir..aj2

(million ha)
1970s
(1)

23

41

16
8

10
98.0

1990s
(2)

30

36

lit
B

10
98.0

Anticipated intensity 
effect

Ratio5
Rice
(3)

0.4

0.3

0.1
0.1
0

1<C

(4)

0.2

O.I

0.2
0.1
0.3

Areai
Rice
(5)

12.0

10.8

1.4
0.8
0

UC
(6)

6.0

3.6

2.8
0.8
3.0

Undlscounted 
benefits from research- 

cxrension due to Intensity
Billion US$£
Rice
(7)

4.92

2.81

0.25
0.12
0
8.10

L'C
(8)

1.85

6.70

0.38
0.09
0.38
3.40

7,
Rice
(9)

61

35

3
1
0

100

f
UC

(10)

54

21

11
3

11
100

-Based on estimates of the IHRI Long Range Planning Consnittee.
-Net area computed by adjusting gross area in Table 12 by cropping intensity shown in 

col. 6 of Table 11.
 From col. 6 and 9, Table 14.
^Col. 5 equals col. 3 x col. 2. Col. 6 equals col. 4 x col. 2,
£Col,7 equals col. 5 x col. 3 of Table 14 converted to dollars where one t paddy rice equals

$100. Col. 8 equals col. 6 x col. 9 of Table 14 converted to dollars where one t upland
crop equals $75. Benefits are for the 20th year.

 =£ol.9 is col. 7 expressed as a percentage. Col. 10 is col. 8 expressed as a percentage. 
Benefits are for the 20th year.

Table 17. Summary of discounted added benefits from research and extension due to yield increase 
nnd cropping intensity for specified environnent.il complexes in South and Southeast Asia, 1970s" 
to 1990s.

Environmental
complex

Irrlgat ion
Shallow
rainfed

Medium-deep
rainfed

Deepwatcr
Upland

Total

Benefits
Yield

increase

7.89

3.98

1.75
0.72
0.80

15.14

(billion I'SS
Rice

cropping
intensity

9.80

5.58

0.48
0.2'.
0

16.10

) due to
Upland

cropping
intensity

3.69

1.39

0.7n
0.18
0.7b
6.78

Total bene
Billion USS

21.38

11.00

2.99
1. 14
1.55

38.06

fits
7.

56

29

8
3
4

100

The impact of crop intensification is shown in Table 16. 
Undtscounted benefits in the 20th year are US$8.10 billion from 
rice, and US$3.40 billion from upland crops, where upland crops 
have a net value (gross value less cash costs) of US$75/t 
(col. 7, 8).

The discounted benefits from rice research are summarized 
in Table 17. Figure 10 depicts graphically the contribution
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Yield

Increose due to higher yield ov«r
expanded irrigation

II 76 if

Value of 1970 rice output

6!

(100)

Expanded irrigation

Iriirease due bntensity

i : ice crop

18 

(112)1

8 ii

503)

Upland 
crops

I!! 35

1(217)

Total increase due to 
research-extension 

19.2 billon US§

(1192%)

Intensity 
iiiil!! Increase due to research + extension

10. Value of croo production increase from the 1970s to the 1990s 
(billion USS) arising from research and extension investment. 
Values in parentheses show percentage of increase for specified 
categories of yield and cropping intensity.

of yield and cropping intensity to total benefits. Rainfed rice 
accounts for 377.. of the total increase in benefits. The largest 
share of benefits is in the irrigated area both because the area 
is expanding (Fig. 11) and because the absolute yield gain is 
larger for irrigated than for rainfed rice (Table 10). The 
potential for increasing yields on shallow and medium-deep 
rainfed areas was assumed to be equal (0.8 t/ha), but that of 
the shallow rainfed area is considerably greater than the mediuir 
rainfed. Upland and deepwater rice account for only 3 and 47,, 
respectively, of the total benefits, both because their areas 
are small and the potentials for increase in yield are low.

Vhile the above figures give some indication of the potential 
payoff to research in rainfed rice for South and Southeast Asia 
as a whole, for individual countries the results are different. 
We sent questionnaires to groups of rice scientists rrom different 
countries asking them for information on the present area in 
irrigated, upland, deepwater, and rainfed rice (shallow, 
intermediate, and semideep) and for the present and potential 
yields in each of those categories. These unofficial data from 
each country were used to compute the potential benefits from 
research-extension in each country following the procedure 
shown in Table 15. (Benefits due to cropping intensity were 
not considered). The results for each country are shown in 
Appendix Tables 3-10. The percentage shares of the benefits
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Crop area Production

Mid-1990

11. Estimate ol the percentage of rice crop aie.i and production by 
specified environmental complex in South and Southeast Asia, mid-1970s 
and mid-1990s.

attributable to each rice crop environment are summarized in 
Table 18.

Tlte results indicate that thu countries in Asia fall in 
two categories: those with high potential benefits from 
investment in rainfed rice research, and those with high 
potential benefits from investment in irrigated rice research. 
Bangladesh, Burma, Thailand, and Nepal are in the first category; 
Indonesia, the Philippines, and Sri l-inka in the second. India 
shows a distribution of benefits intermediate between the two 
groups. But if India, which accounts for almost half of the 
total rice area, was divided into regions we probably would 
observe the same bimodal distribution.

Among, the ra inf c.ul-or i ented countries, four .ire traditional 
exporters: liunna, Thailand, Vietnam, and Nepal. The first 
three have large delta-based rice industries. It is useful to 
compare the research expenditures of the rainfed and more 
export-oriented countries witlt those of the irrigated and more 
import-oriented countries. Table 19 shows the total and
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Table 18. ES tinned contribution (!) of research-extension to growth in rice production 
by specified environmental complexes for selected countries in South and Southeast Asia, 
1970s to 1990s.

I

Share (T.) of benefits from r jst'orch-cxtcnslon a
Envlrormenta 1
complex

Irrigated
Shallow
rain fed

Intcmodlaic )
rainfcd )

Scnidci'p )
rain fed )

Deepwater
Upland

Total

Inplitd anniia I
growth in r ict:
production

a B^nc*C lib art- due
Source: Appendix

South
and N'e pa 1

South­
east
Asia

5: 20

2b 67

-
12

-
5
5 13

100 100

2.4 3.0

to yield increase
Tables J-10.

Table 19. Rice research expenditures
in Hast , South, and
Floras 1978).

Thai- BangU- Burma India Philip-
land desh pines

22 23 25 45 75

49 41 ) 10 11
) 53

20 17 ) 19 1

45) 7 0.5
4 4 ) 19 4 0.5
1 10 3 15 12

100 100 100 100 100

4.1 1.9 3.2 3.6 2.9

only.

for selected countries

Indo- Sri
nesla Lanka

76 79

10 8

5

4
6
8 4

100 100

4.2 2.4

Southeast Asin, 1974 (fron Kvenson and

Total 
research 

expenditures
Expenditures 

per 100,000 ha
Country M971 thousand USS) (1971 I'SS)

Bangladesh
Burma
Nc pa 1
Thailand
Vietnam

Irri

Indonesia
W. Malaysia
Pakistan
Phil ipplnes
Phi lippines

(including IRRI)

India
Japan
Taiwan
Korea South

120
40

100
300
160

.•-.•^o-. ori. >:l.~.'. ".

550
1,460

210
500

2,900

3,900
46,000

1,700
250

 

1.20
0.30
3. 10
3.50
5.00

'. ::K A.-.*.,

6.40
252.00

17.00
14.00

BO. 60

10.30
1,688.70

218.50
35.70
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per-1000 ha research investment for selected countries. Both 
in absolute level and by unit of cultivated rice area, the 
research investment generally was lower in those countries with 
a high proportion of rainfed area. IRRI research to date has 
been of greater benefit to countries with a high proportion of 
irrigated area. Only in the Philippines is a significant 
portion of the rainfed area planted to modern varieties.

This analysis assumed that the probability of success, the 
direct cost of technology for each area, and the time required 
to achieve success were the same for all environments. This 
may not be a reasonable assumption. In fact, it seems more 
reasonable to expect that developing technology for an 
expanding irrigation base has a greater probability o£ success, 
but a higher cost.

In Table 20, we budgeted the annual returns and costs for 
expansion of production in the irrigated and in the rainfed

Table 20. Annual returns and costs of increase In producing rice In the irrigated and shallow 
rainfed environmental complexes. South and Southeast Asia, 1990s.

Item

Irrigation^ 
Fertilizer-2

Re sea r.nh- ex tens ion 
Labor 

Paddy^
Total

Annual
i nc rtase

450,000 ha 
574,000 t

2t)ti ni 1 1 i on
man-days

8.87 million

t'nit cost
Capital

investment

1500 /ha 
290 million/

plant
100 million

-

t

(USS)
Current
costs

10/t 
150/t

-

I/day

150/t

Annua I
capita 1

investment
(million USS)

675 
157

100
-

-

943

Annual
addit iona 1

Costs Returns
(million USS!

"c

-
26b

1330
400 1330

Fertilizer^

Research-ex tens ioiiii 
Labor -

Paddy - 

Total

172,000 t 290 million/
plant 

100 million
123 million

man-days 
4 . '.2 mi 11 ion t

150/t

I/day 

150/t

50

100

150

123

61S
blS

 -Irrigat io 
'-'fertilize 

nut rienrs 
1/4 of lo 
require a 
tl.e fort i

F.niws it 1.5;:/annum; 0.015 x iO million
use will e.row at (tV.innum on irr
an assumed increase of 2.59 mill

tlli.:er as urea and 1/4 TSP, the
nit 30~ as much total fertilise!
izer produced donestica1ly one pi

sat.-il 1 ivi, or iron 1.35 million lo 4.32 million t 
rients. Converted to urea and TSP, assunini; 
s 574,000. The rainfed area is assumed to 
rii:ated area: 172.000 t vs. 5,'4,000 t. For 

in is assumed to cost $270 million and produce
495,000 t urea/year. The annual investment requii enent is computed assuming that 50'. of the 
fertilizer "ill he produced domestically. Pnnest ic fertilizers will he produced .it SlOO/t and 
im]X)rted fertilizer will cost S200/t .

.'iFertilizer COKI multiplied bv 1.5 to accounl for cos! of other cash inputs excluding labor.
'-$1011,000 is allocated annuallv to research-ext fusion for irrigated and r.iinfed areas.
-It is assumed lhat produciiK an additional ton of paddy requires !0 man-davs or 5)0."
-Increased paddv production per annum in the 1990s is bas impli wth from
Tihles 14-ln. Irrigated output will increase from 81 million t in the 1970s to 197 million t 
in the l')')0s or :, . ri? /annum (197 x 0.04S = 8.87 million O. Rninfed output will increase Iron 
Ii5 million t in the 1970s to 125 million t in the 1990s or 3. K (125 x 0. II = .', . 1 .' million t) .
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environment. The annual change in yield, production, and land 
nrea is based on Tables 14-16. Some of the assumptions about 
investment costs and current expenses are based on Herdt et. al 
(1978). For this set of calculations we assume that by the 
mid-1990s, US$100 million will be spent on research and 
extension in irrigated ricu and another US$100 million on 
research in rainfed rice. The expenditure in 1974 was US$50 
million (Evenson and Flores 1978) and in these calculations it 
is, therefore, estimated to grow at 87, during the next 20 years, 
close to the rate of growth in fertilizer use.

These data show the investment requirement not only for 
research and extension but also for fertilizer and irrigation. 
While the returns from the irrigated area are almost double, 
the capital investment to create 1 irrigated hectare is more 
than 6 times as great. Therefore, the return on investment 
is much larger for the rainfed than for the irrigated area.

In summary. Asian governments, particularly among the 
rice-import ing countries, are likely to emphasize irrigation as 
a fairly sure but costly means of increasing rice production 
and achieving price and political stability. However, if the 
estimates of the potential for yield increase in rainfed rice 
are correct, the total benefits for the Asian economies may be 
greater if more emphasis is given to research on rainfed rice 
problems.

Unlike wheat technology, the new rice technology has not 
lowered the cost of rice production to any significant degree. 
As a result, world rice prices continue to remain at twice the 
level of world wheat prices. Part of the reason lies in the 
fact that the technology has been suitable for only about 
one-fourth of the rice area with better water control. Raising 
yields in the rainfed areas that have been largely bypassed 
by the new technology will have important social as well as 
economic benefits.

BARRIERS TO EFFECTIVE RESEARCH

The potential benefits for research in rainfed rice were 
discussed in the previous section. Whether or not these benefits 
are realized in the next two decades will depend upon the ability 
to:

  develop a suitable technology for the rainfed areas
  put the technology into the hands of farmers, and
  provide the proper incentives to encourage farmers to 
utilize the technology.
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On all counts, the task is more formidable for the rainfed 
areas than it has been for the irrigated areas.

Developing a suitable technology

Developing technology suitable for the rainfed areas probably 
will take more time and money than for the irrigated areas 
because lack of water control results in a more heterogeneous 
environment. The present research effort directed toward the 
rainfed rice area is exceedingly small (Table 19). Furthermore, 
many of the major experiment stations are not located in 
typical rainfed environments. IRRI is a classic example. Our 
scientists are forced to use deepwater tanks and greenhouses to 
simulate the flood and drought conditions of the major rainfed 
areas. Nevertheless, during the 1970s there has been a 
considerable increase in our understanding of rice production 
under flood and drought conditions throughout Asia. There are 
already signs that even the current modest research investment 
will pay large dividends.

The technology for the rainfed areas should be yield 
stabilizing and cost reducing. For such areas, it would be 
more appropriate to refer to high stability varieties (HSV) 
rather than to the conventional but misleading term high 
yielding varieties (HYV). Farmers should be given the choice 
of raising varieties that produce a minimu.n level of yield every 
year (HSV) or varieties that produce higher yields under ideal 
conditions, but lower yields under unfavorable conditions. The 
international rainfed rice trials may help to identify varieties 
with these different traits.

Cultural practices, as well as varieties, will differ for 
the rainfed areas. For example, the wide variability in 
cropping patterns from one location to another, and even within 
a given area, reflects the extreme heterogeneity of conditions 
and the attempt of farmers to stabilize production by providing 
contingencies for variable weather conditions. Cropping patterns 
generally vary according to topography, but are adjusted also 
to annual variation in weather. The \mplications of these types 
of adjustments are important for technology development. 
Researchers can provide technology components, such as short 
season varieties, that can be used to adjust cropping patterns 
and increase production. But because of the extreme heterogeneity 
of the environmental conditions and the limited capacity of the 
research-extension network, it normally must be left to farmers 
to work out the most appropriate cropping patterns.
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Getting teahnoloj:/ into the hands of farmers

The input delivery system for rainfed areas is, in general, not as 
well developed as for the irrigated areas. Seed multiplication 
and delivery are a major weakness in many areas. For example, 
we were told recently in eastern India that it takes about 10 
years from the time of the first cross to the release of a new 
variety of rice (Barker 1977). Even when the variety is released, 
there is no assurance that it will be made available to farmers. 
In contrast, varieties become available to farmers in the 
Philippines within 5 years of the first cross. The only modern 
varieties currently grown on a wide scale in eastern India are 
Java, IR8, Pankaj , and Jtahsuri, all of which were 
released more than a decado ago. These varieties are grown 
almost exclusively in the irrigated areas: Java and IR8 in 
the dry season, and Pankaj and Mahsuri in the wet season.

Hargrove's research (1977) suggests that the problem begins 
with the breeding objectives. Breeders, at least until recently, 
have not emphasized the genetic characteristics required for 
the drought and flood conditions common to eastern India. The 
problem, however, is not only with research. We saw varieties 
in eastern India that sturned to be more suitable than what 
farmers are using now. But the mechanism for testing promising 
new rice and assuring their rapid and wide dissemination is not 
adequate.

Other inputs must accompany the seed. The distribution 
system in the rainfed areas is often such that farmers have to 
travel several kilometers to purchase inputs or obtain 
institutional credit. Only the 2 most progressive of the 12 
rainfed villages surveyed in the RURP in Central Luzon received 
a significant amount of Masagana 99 credit and extension support 
in 1974. The government surmised, perhaps correctly, that given 
the potential of existing technology in the rainfed area at that 
time, the irrigated areas would provide a higher return on 
investment.

Providing incentives

Many observers associate farmer incentives with prices: low 
rice prices and high input cost will discourage production. 
Uowever, the disincentives for rainfed rice producers extend 
well beyond the pricing mechanism. Land fragmentation, small 
size of farms, lack of credit, inappropriate technology, and 
lack of knowledge on how to use inputs are often noted. A
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strong research-extension program and an efficient input 
delivery system are among the most important incentives to farm 
production.

The expansion of heavily subsidized irrigation provides 
another important incentive to production. As an alternative 
to irrigation expansion, we suggest that strengthening the 
research-extension system in the rainfed areas may give a 
higher economic benefit and will result in a more equitable 
distribution of benefits from rice technology. No country 
can afford to ignore either alternative. It is a matter of 
finding the proper balance. The weight has been in favor of 
the irrigated areas too long.

Ultimately, the strengthening of farmer incentives requires 
the strengthening of community leadership and organization. 
This is perhaps the greatest challenge for social science 
research.

SUMMARY AND CONCLUSIONS

Rainfed rice, as we have defined it, occupies about one-third 
of the world's rice-growing area in South and Southeast Asia. 
The bulk of the rainfed rice area is shallow rainfed where the 
water depth seldom exceeds 15 era.

Topographically, the rainfed areas can be divided into 
lowland plains and river floodplains, terraces, and plateaus. 
Much of the rainfed rice in the lowland plains and river 
floodplains of South and Southeast Asia is located in four 
major river deltas -- the Mekong, Chao Phraya, Irrawaddy, and 
Ganges-Brahmaputra. The soil and water problems in the deltas 
differ markedly from those of the terraces and plateaus. The 
former area is subject to flooding, while drought is the more 
common problem in the latter.

Modern rice technology has to a large degree bypassed the 
rainfed areas with two notable exceptions. Almost 30% of the 
Mekong Delta had been planted to modern varieties by 1973, and 
in the Philippines modern varieties were on 70% of the rainfed 
area in 1977. The Philippine situation demonstrates the 
potential of short season varieties in rainfed areas.

Analysis of the potential benefits from research-extension 
over the next two decades indicates that for South and Southeast 
Asia as a whole, about 37% of the benefits can be realized 
through increases in rainfed rice production. But countries 
tend to fall into two very distinct groups. In Bangladesh,
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Burma, Nepal, Thailand, central and eastern India, and Vietnam, 
70% of the benefits from research-extension are likely to come 
from production increases in the rainfed rice area. For 
Indonesia, Malaysia, Philippines, Sri Lanka, northern and 
southern India, the benefits will come largely from the 
irrigated rice areas.

Over the past decade, there has been a substantially 
heavier investment in rice research and development of new 
technology for the irrigated areas. However, if we include the 
cost of irrigation development, the economic benefits of 
expanding output through investment in rainfed rice may have a 
benefit-cost ratio greater than for irrigated rice.

Investment in rice research is increasing in most of the 
major rainfed rice-growing countries and regions -- Bangladesh, 
Burma, Nepal, Thailand, and eastern India -- supported by 
national funds, by the World Bank, the United Nations 
Development Program, and a number of other international donor 
agencies."

The barriers to the effective development and dissemination 
of rainfed rice technology are numerous. Yet there are already 
signs that the modest investment in rainfed rice research to 
date is paying high dividends.

'See for example the report by the Rice Division of the Department of Agriculture of Thailand, 
"Rainfed Rice Improvement Pioneer Project: Review of Annual Action Program for 1976"; or 
Government of India — International Rice Research Institute "Production Oriented Survey on 
Rice in Problem Areas of Bihar, Orissa and West Bengal," 1977 (mimeo.). In October 1977, the 
Bangladesh Rice Research Institute sponsored a workshop devoted to the problems of rainfed 
rice production (BRRI 1978).
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Appendix Table 1. Allocation of gross rice area Ln major producing countries of five 
types of rice culture, 1973-75 average (million ha).-

Country

South and SE Asia
India
Bangladesh
Indonesia
Thailand
Burma
Philippines
Vietnam
Pakistan
Nepal
Sri Lanka
Laos

Total 
rice

38. A
9.5
8.5
8.2
5.1
3.5
5.3
1.6
1.2
0.6
0.7

Upland

2.4
2.2
1.4
0.8
neg.
0.5
0.4
0
0.1
O.I
0.2

Gross rice

Decpwater

2.4
1.9
0.4
1.7
neg.
0
0.5
0
neg.
0
0

area (million ha)

Shallow 
rain fed

12.6
2.2
1.7
2.0
4.1
1.6
3.0
0
0.9
0.2
0.2

Medium 
deep 
rainfcd

6.1
2.2
1.7
1.7
0.2
0
0.7
0
0
neg.
0.2

Total 
irrigated

14.9
1.0
3.3
2.0
0.8
1.4
0.7
1.6
0.2
0.3
0.1

Dry 
season 

irrigated

1.7
1.0
1.3
0.5
0.1
0.4

0.1
1.6
n.a.
0.2
n.a.

Malaysia (Peninsular))
Sarawak
Sabah

Total

Other Asian countries
China
Japan
Korea, Rep. of
Korea North
Iran
Afghanistan

Total

Other regions
Brazil
Malagasy Rep.
USA
USSR
Egypt
Guinea
Ivory Coast
Colombia
Sierra Leone
Others

Total

)0.8
)
83. It

34.1
2.7
1.2
0.7
0.3
0.2

39.2

4.8
1.1
1.0
0.5
0.5
0.4
0.3
0.3
0.4
5.2

14.5

O.I

8.2

0.7
O.I
ncg.
neg.
0
0
0.8

3.7
0.2
0
n.a.
0
0.25
0.3
0.1
0.22
n.a.
4.77

0

6.9

0
0
0
0
0
0
0

0
0
0
n.a.
0
0
0
0
0
n.a.
0

0.2

28.7

2.7
0
0.1
0.1
0
0
2.9

0
0.3
0
n.a.
0

.06
ncg.
0

.05
n.a.
0.41

0

12.8

0
0
0
0
0
0
0

0.6
0.3
0
n.a.
0

.06
0
0

.05
n.a.
1.01

0.5

26.8

30.7
2.6
1.1
0.6
0.3
0.2

35.5

0.6
0.3
1.0
n.a.
0.5

.06
ncg.
0.2

.05
n.a.
2.71

0.2

6.6

n.a.
0
0
0
0
0
ii. a.

n.a.
n.a.
1.0
n.a.
0.5
0.4
n.a.
n.a.
n.a.
n.a.
1.9

~ Data sources listed in Appendix D. See definitions Appendix B, neg. r negligible, 
n.a. = data not available.
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Appendix Table 2. Classification of the variability of 
environmental factors influencing rice production.

Variability

Subfactor i ,

Soils

Geographic

Ka t e r

Physical properties 
Chexica 1 properties 
Static properties 
Origin

Topography 
Pos ition 
Photoperiod

Depth
Rate of Increase,
decrease 

Temperature

Climatic Solar radiation 
Precipitat ion 
Air temperature
Wind

BI otic Competitive plants 
Dependent plants 
Insect predators 
Microbes

Socioecononic Farmer knowledge 
Input and product
prices 

Personal
characteristics 

Farm size

Appendix Table 3. Estlrrate of contribution of research-extension to the Increase in rice 
production in specified environmental complexes, Bangladesh, 1970s to 1990s.5

Environmental Gross area*) 
complex pillion ha)

1970s
(I)

Irrigation, 1st crop 0.1
Irrigation, 2d crop 1.0
Shallow rainfcd 3.0
Intermediate rainfed 2.4
Semideep rainfed 1.5
Deepwater 1.3
Upland 1.0

1990s
(2)

0.1
1.5
3.0
2.4
1.5
1.3
1.0

Yield 
<t/ha)

1970s
< 3)

2.5
3.5
2.0
2.0
1.5
1.25
1.0

1990s
(4)

4.0
4.5
3.0
2.5
1.75
1.5
1.75

1970s
(5)

0.25
3.50
6.00
4.80
2.25
1.6j
1.00

Product ion£ 
(million t)
1990s
(6)

0.25
5.25
6.00
4.80
2.25
1.63
1.00

1990s
(7)

0.40
6.75
9.00
6.00
2.63
1.95
1.75

Benefits from 
research -ex tension^
tons
(8)

0.15
1.50
3.00
1.20
0.38
0.32
0.75

X
(9)

2.1
20.5
41.1
16.4
5.2
4.4
10.3

Total 10.3 10.8 19.43 21.18 28.48 7.3 100.0

-Based on questionnaire completed by M. S. Ahniad, head of the Division of Rice Breeding 
and M. S. Nasiruddin, principal scientific officer (Breeding), 8RPI. Dacca, Bangladesh 
(1978).

^Irrigated area assumed to grow at 27./annum and gross land area at 0.37./annuin.
£col. 6 is 1990s gross area (2) multiplied by 1970s yield (3). Col. 7 is 1990s gross area
d (2) multiplied by 1990s yield (4).
 Col. 8 is col. 7 minus col. 6. Col. 9 is col. 8 expressed in percentage.
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Appendix Table 4. Estimate of contribution of research-extension to the Increase in rice 
production in specified environmental complexes, Burma, 1970s to 1990s.S

Environmental
complex

Irrigation,
Irrigation,

Cross area 
(million ha)

1st crop
2d crop

1970s
(1)

0.8
0.1

1990s
(2)

0.9
0.2

Yield
(t/ha)

1970s
..P)

3.0
3.5

1990s
(4)

5.0
6.0

Product lonJU.
(million t)

1970s
(5)

2.40
0.35

1990s
(6)

2.70
0.70

1990»
(7)

4.50
1.20

Benefits from
re search-ex tens loud
million t

1
0

(8)

.80

.50

7,
(9)

19.4
5.4

Shallow rainfed )
3.5 3.5 2.3 3.7 8.05 8.05 12.95 4.90 52.7

Intermediate rainfed) 

Scmldcep rainfed )
Dcepwatcr

Upland

Total

> 0.5

0.2

5.1

0.5

0.2

5.3

0.9

1.0

2.5 0

2.5 0

11

.45

.20

.45

0.45

0.20

12.10

2

0

21

.25

.50

.40

1.

6.

9.

80

30

3

19.3

3.2

100.0

a_ Based on questionnaire completed by Olm Kyaw and P. B. Escuro, deputy general manager and
FAO rice Improvement specialist, respectively, Rice Division, Agricultural Research Institute, 
Yezln, Pyinmana, Burma (1978).

b Irrigated area assumed to grow at 1.07./annum and total land area at 0.27./annum.
c Col. 6 is 1990s gross area (2) and 1970s yield (3). Col. 7 is 1990s gross area (2) and 

1990s yield (4).
d Col. 8 is col. 7 minus col. 6. Col. 9 is col. 8 expressed In percentage.

Appendix Table 5. Estimate of contribution of research-extension to the increase in rice 
production In specified environmental complexes, India, 1970s to 1990s.S

Envlronmenta 1
complex

Irrigation, 1st crop
Irrigation, 2<1 crop
Shallow ralnfcd
Intermediate ralnfed
Semldecp ralnfcd
Dccpwatcr
Upland

reaif
(million ha)
1970s
(H

11.5
2.5
4.5
7.3
2.8
2.3
8.1

1990s

Yields
(t/hai_

1970s
(2) (3)

14.5
4.5
4.0
b.8
2.S
2.3
8.1

2.5
3.5
1.5
1.0
1.0
1.05
1.0

1990s
I'' 1

3.5
5.5
2.3
2.5
2.3
1.8
2.0

Product Ion d
(million t)

1970s
(5)

28.75
8.75
6.75
7.30
2.80
2.30
a. 10

1990s
. C&l

36. .25
15.75
6.00
C,.80
2. SO
2.3
8. 10

Benefits from
re search-ex tens ion^-

1990s
(7)

50.
2.*4 >

11.
17.
b.
4.

16.

75
75
1

05
44
14
20

(million t) (1)
(8)

In.
9.
5.

10.
3.
1.
8.

50
00
20
20
64
84
1

(91

27.6
17.1
9.9

19.4
7.0
3.5

15.5

Total 39.0 43.0 04.75 78.00 130.48 52.48 100.0

 Based on questionnaires completed by S. Biswas, Chinsurah Rice Research Station, West Bengal, 
and M. V. Rao and J. B. K. Rao, CRRI, Cuttack (1978).

 Irrigated areas assumed to grow at 1.5?./annum and gross land at 0.5?./annum.
-rAdjusted upward to retlect India's current level of production.
*=Col. 6 is 1990s gross area (2) multiplied by 1970s yield (3). Cc 1. 7 is 1990s gross area 

(2) multiplied by 1990s yield (4).
-Col. 8 Is col. 7 minus col. 6. Col. 9 Is col. 8 expressed In percentage.
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Appendix Table (3. Estimate of contribution of research-extension to the increase In rice 
production in specified environmental complexes, Indonesia. 1970s to 1990s.2.

Environmental 
complex

Irrigated , 2d crop
Shallow rainU'd
Deepwate r
I'pland

Tota 1

Cross area £ 
(million ha)

1970s 
(1)

3.9
2.7
1.8
0.3
1.2

10.4

1990s 
(2)

3.
1.
0.
1.

12.

?

b
3
#
2

I

Yield 
(t/ha)

1970s 
(3)

j.l
3.5
2.5
2.0
1.0

1990s 
(4)

5.0
5.0
4.0
3.5
3.0

Product 1, 
(mi 1 1 ion

1970s 
(5)

7
9
U
1
1

2^

.45

.50

.00

. 92

.47

1990s

\h
12

3
1
1

35

. 12

.t.0

.25

.oO

.92

.49

t)
Benefits from 

research-extension £
1990s

18,
5,
 J

3.

55

,00
,20
, f
,bO

,t.O

Tons 
(8)

5
1
1
1

20

HI
.40
.95
.2
.b9

7. 
(9)

49
2b.

9.
6.
8.

100

,9
.7
,0
,3

a Based on qiiestionnairf eonpl.-tt'd by agronomy staff, Ct-ncral Rest-arch Institute for
Agricu It ore, Bopor , Indonos ia (197S).

b Irrigat ion increa ses 3t 1. 3t./annira and pross land area at 0.3*./annum, 
c Col. 6 is 1990s gross area (2) multiplied by 1970s yield (3). Col. 7 is 1990s Kros 
"area (2) multiplied by 1990s yield (^). 
d Col. S is col. 7 rr.inu6 col. b. Col. 9 is col. 8 expressed in perccntaiit1 .

Appendix Table 7. Estimate of contribution of research-extension to the increase in rice 
vie Id in spt-c if u-d environment a 1 complexes , Nepal, 1970s and 1990s . 

Envlrorunental 
conplex

Irrieated, 1st crop
Irrigated , 2d crop
Shallcv ralnfed
I'pland

Total

Grots area i 
(million ha)
1970s
I'll

170
20

925
1*5

12SO

1990s
(2)

235
45

9o5
165

1410

Yield
(t/ha)

1970s
(3)

2.3
3.0
1.8
1.2

1990s 1970s
14) (5)

4.0 475
4.5 bO
3.0 Ih65
2.5 200

2400

Product ion £ 
(oil lion t)

1990s
(6)

660
135

1735
200

2730

1990s
(7)

1940
200

2895
415

4450

Benefits from 
re search- ext ens lon-

To'.ts
(8)

280
65

1160
215

1720

7p
(9)

16.3
3.8

67.4
12.5

100

-Based on questionna i rt- completed by 3. S. Shahi, national rice coordinator, Parvanipur, 
Nepal (1978).

-I n-i v,.l c inn ini-riMSi"; .it ^'/.virum and Kross l.-ind .iro.i at 0.51/;mnurc.
£Col. f> is 1990s i;ross an/a (2) nukiplied by 1970s yield (3). Col. 7 is 1990s gross 

arfa (2) mjliiplit-tl by 1950s yield (4).
-Col. S is col. 7 niinus col. 6. Col. 9 is col. 8 expressed as a percentage.
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Appendix Table 8. Estimate of contribution of research-extension to increase- in rice 
production in specified environmental complexes, Philippines, 1970s to 1990s."-

Environmental
complex

Irrigated, 1st crop
Irrigated, 2d crop
Shallow ralnfed
Intermediate ralnfed
Scmldeep ralnfed
Deepwater
Upland

Cross a r >a b
(million 'ha)
1970s
(1)

0.98
0.43
1.50
0.08
0.05
0.07
0.39

1990s
(2)

1.20
0.70
1.15
0.08
0.05
0.07
0.39

Yield Product ion c
(t/lia)

1970s
(3)

2.2
3.5
1.3
1.0
0.8
0.5
0.9

1990s

W

4.0
5.0
1.7
1.5
1.5
1.5
2.5

1970s
(5)

2.16
1.51
l.9a
0.08
0.04
0.04
0.35

(million O
1990s
(6)

2.64
2.45
1.50
0.03
0.04
0.04
0.35

1990s
(7)

4.80
3.50
1.96
0.1?
0.06
O.Of,
0.87

Benefits froin
research-extension-

tons
(8)

2.16
1.05
0.46
0.04
0.02
0.02
0.52

7.
(9)

50.6
24.6
10.7
0.9
0.5
0.5

12.2

Total 3.50 3.64 6.13 7.10 11.37 4.27 100.0

 Based on questionnaire completed by T. S. EtiRenio, rice research training director, Mallgaya 
Rice Research and Training Center, DPI, Munuz, Nueva Ecija, Philippines (197fl).

  Irrigation increases at 27,/annum and ^ross land area at O^'/./anr.um.
 Col. 6 is 1990s gross area (2) multiplied by 1970s yield (3). Col. 7 is 1990s gross area 

(2) multiplied by 1990s yield (4).
 Col. 8 is col. 7 minus col. 6. Col. 9 is col. 8 expressed as percentage.

Appendix Table 9. Estimate of contribution of research-extension to the Increase in rice 
production in specified environmental complexes, Sri Lanka, 1970s to 1990s.-

Environmental
complex

Irrigated, 1st crop
Irrigated, 2d crop
Shallow rainfed
Intermediate ralnfed
Semldeep ralnfed
Deepwater
Upland

Cross area b
(thousand ha)

1970s
(1)

255
100
110

50
50

0
50

1990s
(2)

295
120
110
50
50

0
50

Yi. Id
(t/ha)

1970s
(3)

3.3
2.5
1.7
1.5
1.2

-

1.0

1990s

CO

4.5
4.0
2.2
2 . 2
1.3

-
1.5

Produc t ion c
(thousand

1970s
(5)

842
250
167

75
(iO
-
50

1990s
<»

974
300
187

75
60
-

50

O
1990s
(7)

1323
480
242
110
90
-

75

Benefits from
research-ext
Million I

(8)

354
160

55
35
30
-

25

elision^
7,

(9).

52.1
26.5
S.I
5.2
4.4

-

3.7

615 685 1464 l>79 100

— Based on questionnaire completed by M. D. Davis, tt-am ly^dcr and crop protection specialist,
.IRRI Sri Lanka (1978).
"Irrigation assumed to j-row at l7./aumtm and gross land arya at 0. 57. /annum,
-Col. 6 Is 1990s Kross area (2) multiplied by 1970s yield (3). Col. 7 is 1.

(2) multiplipd by 1990s yluld
1990s gross area

(2) multiplipd by 1990s yluld (4), 
 Col. 8 is col, 7 minus col. 6. Col. 9 is col. tt expressed as a percentage.
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Appendix Table 10. Estimate of contribution of research-extension to the Increase In rice 
production In specified environmental complexes, Thailand, 1970s to 1990s.3.

Envlronnienta 1 
complex

Cross area £ 
(million ha)
1970s

( M

Irrigation, 1st crop
Irrigation, 2d crop
Shallow rainfed
Intermediate rainfed
Senidcep rainfed
Deepwater
L'pland

1.
0.
3.
I.
0.
0.
0.

,5
.4

7
5
5
1

1990s
C

1.
0,
.; ,
1,
0,
0.
0,

!)

.7

.b

.0
7

.5

.5
,1

Yield 
<t/ha'

1970s
(3)

2.5
3.5
1.4
1.3

2.0
2.0
1.0

)
1990s

Produc t Ion c 
(million t)

1970s 1990s
(4) (5) ('>)

..

5.
j.
J.
3.
3.
2 1

.0
,5
,5
,8

5
,5
0

3.75
1.40
5.04
3.06
1.00
1.0
O.i

4.25
2. 10
5. tO
3.0(1
1.00
1.0
0.1

1990s
(7)

t..80
3.30

14.0
b.4o
1.75
1.75
0.20

Benefits from 
research-extension-
mlllton 1

(8)

2.55
1.20
8.40
3.40
0.75
0.75
0.10

7,
(9)

14
7

49
19

A

4
0

.9

.0

.0

.8

.4

.4

.5

Total 9.1 15.35 17.11 34.26 17.15 100.0
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Appendix B 

DEFINITION OF RICE-GROWING ENVIRONMENTAL COMPLEXES

The following definitions were used in completing the 
questionnaire that formed the basis for area estimates in 
Appendix A Tables 3-11.

Irrigated - water is added to the field from canals, 
river diversions, pumps, etc.

Upland, unbunded - rice is grown on flat land or terraces 
and slopes, without an attempt to impound standing water in 
the field. These areas are drought-prone.

Deepaater - mostly broadcast-seeded fields, usually 
unbunded with maximum water depth from tillering to flowering 
exceeding 100 cm. This is the present area of the floating rice.

Shallow rainfcd - this area has a maximum water depth of 
5-15 cm. Some parts are drought-prone, but in general the 
area is potentially suitable for "photoperiod-inbensitive 
semidwarf varieties. This includes normal as well as terraced 
paddy.

Medium-deep rainfed - includes the two subcategories below.

Intermediate rainfed - this area has a maximum water depth 
of from 15 to 50 cm. The area is potentially suitable for 
high yielding varieties of intermediate stature, and photoperiod 
sensitivity may be desirable in some areas. Semidwarfs could 
be grown in some areas of relatively low water level.

Semi-deep rainfed- this area has a maximum water depth of 
from 50 to 100 cm. It is suitable for traditional tall varieties 
and photoperiod sensitivity may be desirable for most of the 
area.
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APPENDIX C

CRITERIA FOR RESOURCE ALLOCATION

Factorv constraining rice production can be identified and 
overcome through the application of research, and IRRI has a 
critical role to play in the process, both through its own 
research and through the stimulation and development of 
national rice research capabilities. The allocation of 
resources among research and other functions and among various 
research areas has in the past been made on the basis of 
informal judgment. In the process of considering the long-range 
plans for the Institute, several efforts were made to develop 
a systematic technique for allocating resources among research 
problems. No attempt was made to apply such techniques to the 
other functions. Two related systematic approaches were used, 
a scoring approach and a productivity approach.

A series of criteria were developed against which each actual 
or potential research problem area was to be scored on a scale 
of 1 to 10. The criteria were:

o The extent to which the research is expected to 
increase yields of rice or related crops, increase 
area planted per unit time, increase the nutritional 
quality of rice, increase rice farm incomes, or reduce 
consumers' real cost of rice;

e The extent to which similar research of adequate quality 
on this problem is not being conducted elsewhere;

c The extent to which substantial success is expected on 
the problem within 5 years (or alternatively within 
20 years for basic problems) if research is continued 
at a specified level;

e The extent to which information is needed for the 
solution of an urgent threat or problem; and

  The extent to which the research would create new 
knowledge.

The IRRI senior staff were asked to score all research 
problem areas and to indicate the most appropriate weighting^
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system to be used to aggregate the scores. It proved 
impossible to achieve a consensus on either the interpretation 
of the criteria or on the scores to be assigned to each 
problem area. It also proved difficult to get scientists to 
score research problems with which they were not directly 
associated.

llie productivity approach

An alternative approach based on productivity concepts was 
used to develop an appropriate resource allocation rule. 
Theoretically, in order to maximize the productivity of 
research resources, expenditures should be allocated so the 
increase in productivity from an additional amount of funds 
spent on research for each problem is equated. This rule 
requires the definition of research problems, the estimation 
of research productivity and related time lags,and the 
measurement of the extent of the area affected by a technology. 
To facilitate discussion a one-to-one correspondence between 
a research project and a new rice farm technology (RFT) is 
assumed. Success in a research project implies the development 
of a new RFT. A model taking account of time required to 
solve the problem, expected benefits, probability of success, 
area affected, direct costs of using the technology, and 
intensity changes was formulated.

Consider initially only research activities aimed at 
increasing rice yield per hectare. Suppose there is a 
probability of P^ that successful completion of a project 
will result in Y^ yield increase, a f^ chance that the yield 
increase will be 1^ and so forth over n yields. The expected 
yield increase then is:

(1)

If the project has a life of ' years and the social rate of 
time discount is ;' , the present value of such an increase is:

I-V(Yj) -. (1 +! )"* (£  A V) (2)

Generalizing by letting the ,7 subscript represent projects and 
A Y-i. the yield increase expected with probability;-,., the 
present value of the yield increase per hectare is:

PV(Y,) -. (1 +-; )"' £ (Ar., . ?, ) (3) 
'' k  '" ' ":
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Recognizing tliat certain RFT arc more productive in one season 
(wet, dry) than in another, this present value must be 
calculated on a per-hectare per-year basis.

Projects that can be confidently expected to give a stated 
yield increase but which will succeed in an uncertain number of 
years can be evaluated by letting the probability terra represent 
the probability of success in a given number of years. Then

a + ...)' (A (A)

If both yield and years for success are uncertain, the two can 
be combined. For simplicity, the first formulation is 
subsequently used.

A RFT applicable in an environment which has a very large 
hectarage of rice will have a bigger impact than a technology 
applicable to a snail area. This is reflected by multiplying 
the present value of the yield effect of the technology by the 
area affected to get the present value of the technology for, 
say, the area :'

= (1 + )

Some research is directed at expanding the area on which 
crops are grown during a year. C. ^pping systems research, and 
work to find cultivars suited to adverse conditions fall in 
this category. In this case, the appropriate formulation would 
be:

?/(/..) = (1 + v)~-II. (LY.
^ k

p, /,.) +/   i

(5)

This formulation is suitable for evaluating yield and area 
increasing technologies that are costless to use, but many new 
technologies entail some additional direct costs to the users, 
for example, fertilizer-responsive varieties require the 
purchase of fertilizer. The benefit of such new RFT must be 
calculated net of the direct costs involved in their use. Once 
the possibility of costs is recognized, the benefits of the now 
RFT must be measured in monetary terms   a simple transformation 
of yield. Then, the net present value of technology ,' for area
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.. .k k Jm Pm Qt-c

where &Qjk equals AY--^ times price, q^ equals Y£ times price, 
and Cj equals the additional per-hectare cost involved 
in attaining the increased productivity of the jth technology 
in the ith environment.

With this formulation, the relative value of RFT that do 
not raise rice yields can be evaluated. For example, a RFT 
that reduces costs reduces the Cj term and can be directly 
evaluated using equation (6). The net present value, being 
measured per hectare per year, will reflect the productivity 
increase.
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APPENDIX D

"ores on Soia'acs of basi<j dat-.i for A^ipenJix A, Table, 7

Proceedings refers toP>'csjrdi>:^^ of i:l:c Interyxitioni.il Scninar 
on Dcepuaier Pice, August 1974, BRRI; Upland to Major Research 
in Upland nice, IRRI, 1975.

India: See Appendix A Table 3 for sources and assumption, dry 
season area equals "summer rice."

Bangladesh: 20% in Deepwater, Proceedings, p. 7, Irrigated 
area equal to irrigated aus + boro (11%) as given in Bangladesh 
Economic S:ti'Vc-.< 1973-74, Minist. of Finance. Upland p. 3, cites 
23% as upland, but description on p. 4 shows much of it is dry 
seeded lowland   that % implies 2176 upland. Allocation made 
in table assumes difference between total rice and deepwater 
plus irrigated is equally allocated to thn-o other categories. 
Dry season area is equal to bot'o area reported in Bangladesh

Laos: 20/' in upland, according to 1973 estimate by USAID. 
Yield estimates of sone source are: upland 2.8t/ha, lowland 
2.8t/ha, with provision that upland rice yields were well above 
long-term average and the normal. Balance of total-upland 
divided equally to irrigated, SRF and MDRF. Source: TOAID 
A-569, February 13, 1974, USAID.

Malaysia: Source: Review of Cura'c~'it Status of Kiac Production, 
/ rroj'iCj Corusi<rz-tic*: in '.'.'.il-:rjsic,, H-\RDI Review Paper, August 1977. 
Assumed US irrigated area is 125Z of dry season rice area, so 
total irrigated = 2.25 x dry season area; balance assumed 
shallow rainfed. For Sarawak same source gives upland area; 
balance assumed shallow lowland. Sabah assumed same as 
Sarawak.

China: Allocation indicated by recent visitors to China, "90% 
irrigated." ih'land reports 2% in UL in 1961, assumed constant %.

Korea: } ' aa^bool'. of A-iyi^.ttltia^c and toi';..; £/';. Si ; t ir, t i a;, Miriist. of 
Agric. 6 Fisheries, Repub. of Korea, 1973. DPR assumed same.

Indonesia: Allocation to upland, deepwater, dry season estimated 
by R. A. Morris (personal communication, 2/15/75), based on data 
assembled by World Bank. Difference between total and above 
three types allocated half to irrigated and 25% each to SRF, MDRF. 
Sri Lanka: Informed scientific opinion assembled by J. Wimberly 
(personal communication, May 1974). Data from published



46 Rainfcd rice

statistics of Department of Agriculture are not as complete, 
but very similar. Dry season area from official statistics 
(Yala).

Japan: "Rice Statistics in Japan," by Ilayami and Kikuchi, 
from offered statistics.

Burma: Deepwater area reported in 1965 in Irrawaddy Division = 
84,536 acres, the "main deepwater area of Burma;" other areas 
total 10,000 acres, according to Trip Report SKD, Aug.-Sept. 1977. 
94,536 acres = 38,256 ha. Total, irrigated and dry ("winter") 
acreage from Agricultural Statistics, 1973-74, 1974-75 and 
1975-76, Burma, Minist. of National Planning, refer to 1972/73 
and 1973/74 average.

Burma: Upland area derived from M. Y. Nuttonson, Tlie Physical 
Environment and Agriculture of Burma by HEX, 1/21/75. Balance 
allocated to SRF and MDRF in the same proportion as irrigated 
and deepwater.

Thailand: Y. Gaesuwan, A. Siamwalla, and D. Welsch, Tliai Rice 
Production and Consumption Data 1947-1970. Kasetsart University, 
Department of Agric. Econ., Staff Paper 13, June 1974 gives 
broadcast and transplanted areas. All broadcast assumed in 
"Centnil" region and assumed to be deepwater. Balance of 
"Central" assumed MDRF. South assumed MDRF, North and Northeast 
Thailand assumed SRF. Regional data from Div. Agric. Econ., 
Minist. of Agric. quoted in Constraints, Interim Revert - 
Irrigated area of all crops from same source. Seventy five 
percent of irrigated area attributed to rice, 25% of irrigated 
rice area assumed to carry dry season crop, giving 6°' of total 
rice as dry season, which agrees with conventional 
"estimates." Upland estimated at 10" total. MDRF and SRF 
allocated to remaining area in same proportion as DW and IRRIG.

Philippines: BAEcon data provide irrigated, nonirrigated, 
 ind upland area. Rainfed = nonirrigated + upland. Dry season 
is taken as second crop lowland area, which is given in BAEcon 
data. Source is Dcita Scries jn Rice Statistics, Pfiiiippincs.

Vietnam: Allocation among types based on reply of T. P. Nien 
to questionnaire on basis of his informed scientific opinion 
about S. Vietnam. North given same allocation, though likely 
overstates deepwater, understates irrigated area.

Pakistan: All assumed to be irrigated, equivalent to dry season 
culture in SE Asia.
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Nepal: Breakdown based on GSK's field trip report Oct. 9-13, 
1973. All rainfed area assumed to be shallow minfed, 
128,000 ha in hills with temperate climate, rest in Tarai.

Brazil: Upland shows 77% in upland rice, balance assumed 
equally distributed to irrigated and MDRF.

Colombia: Grant Scobie, Csrts and Ftetiavts to Riac. Reaoardi, 
Consequences Discussion Paper No. 11 1976 shows yield and 
production data that result in this allocation.

USA: Assumed. 

Egypt: Assumed.

Sierra Leone: Inland shows 60% upland, balance equally allocated 
to irrigated SRF, MDRF.

Guinea, Ivory Coast: Same as for Sierra Leone.

Malagasy: Upland area given in Woi'ld P.iea Statistics for 1961 
balance allocated equally to other types.

Iran and Afghanistan: Judgment of WRC.
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Tropical climate and rice

S. YOSHIDA

Climatic factors such as temperature, sunlight, and rainfall 
influence the growth and yield of rice in two ways. Directly, 
they affect physiological processes involved in grain production, 
such as vegetative growth, development of spikelets, and grain 
filling. Indirectly, they affect grain yield through incidence 
of diseases and insects.

TAILORING KICE VARIETIES ADAPTED TO CLIMATIC CONDITIONS

From a crop physiologist's point of view, three important aspects 
of rice cultivation are crop period, productivity, and yield 
stability. Climatic factors affect each in different ways.

To a limited extent, the rice environment can be modified, 
as in the case of theplastic-covered nursery bed in temperate 
regions. The construction of irrigation and drainage facilities 
is man's most important effort to modify the rice environment, 
and maximize and stabilize rice yields. With the current 
situation in the tropics, however, it is unlikely that the 
provision of irrigation and drainage facilities for rice 
cultivation will expand greatly within a foreseeable period of 
time. More importantly, temperature in the field and solar 
radiation cannot be changed. At best plant breeders can modify 
rice varieties and better adapt them to existing environments. Or 
cultural practices can be adjusted to avoid some hazards.

A sustained effort in rice-growing countries and at LRKI has 
been the tailoring :•[ rice varieties better adapted to climatic 
conditions. The desirable characteristics aimed at include 
sensitivity to day length, resistance to drought, tolerance for 
deepwater and flood, and tolerance1 for low and high temperatures. 
These topics have been discussed elsewhere (Parthasaratliy and 
Rajan 1972).

Plant physiologist. Internationa! Rica Retearch Institutg, Lot Banbf,
Philippine!.
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In the following sections I discuss two problems of varietal 
alterations:

  Plant height. A defect of high yielding dwarf varieties 
is short stature, which makes them unadopted to areas 
without dependable water control.

  Early maturity. Use of early maturing varieties is one 
way of making maximum use of the tropical climate. In 
the tropics, where temperature remains favorable for 
plant growth throughout the year, the ultimate concern 
is with total yield per year; in the temperate regions 
the concern is mostly with yield per crop.

IRRI varieties

An examination of IRRI varieties that is focused on growth 
duration and plant height gives some ideas of the limitations of 
IRRI varieties in different environments and what car be done to 
improve them.

There are 15 IRRI varieties known in the Philippines. They 
range from IR5 to IR42. Some of their characteristics follow 
(Fig. 1):

  They are either photopericd insensitive or weakly 
photoperiod sensitive.

  Most have a growth duration of 105 to less than 130 days; 
only 4 (IR5, IR26, IR32, and IR42) have a growth duration 
longer than 130 days; 3 (IR28, IR30, and IR36) are early 
maturing.

  Only two (IR5 and IR34) are taller than 120 cm; the rest 
are mostly 100 to 110 cm tall. IR36 is extremely short.

Plant height

The traditional, tall, droopy-leaved rice cultivars in the tropics 
are popular because it is believed that they efficiently suppress 
weeds (Jennings 1966). There is evidence to support this notion 
(Table 1). Tall varieties are also more adapted to areas with 
less dependable water control.

Because the traditional varieties are generally tall, and the 
modern varieties generally short, a compromise would be varieties 
of intermediate plant height. The grain yield of a rice crop 
decreases as water depth increases (Table 2). The yield-decreasing 
effect of partial submergence could be attributed to impaired
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1. Growth duration and plant height of IRRI varieties.

tillering and decreased photosynthetic leaf surface. The increase 
in plant height should counteract the effect of partial 
submergence. In one experiment with IR8 (Peta) and Bahagia ( a 
sister line of IR5), Bahagia, which has intermediate plant height, 
suffered much less from moderate water depth than Ria (Sugimoto 
1971). A similar experiment appeared to confirm that increased 
plant height is beneficial under partial submergenc£ (Table 3)._ 
In this example, however, one semidwarf selection /T(N)1 x T.6JJ/ 
performed well under partial submergence. The reason is not 
clear, but the data for panicle number suggest that vigorous 
tillering under partial submergence could be important.
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Table 1. Yield reduction due to weeds, and plant heights 
10 weeks after transplanting of various rice cultivars grown 
under different weeding regimes.5.

Yield (t/ha).
Weed

Cultivnr

1R1561-228-3-3
IR26
IR28
IR34
IR36
BG90-2
IR4816-70-1
IR1632-93-2-2
Dinato
Peta

free

5.
5.
5.
6.
4.
6.
6.
5.
4.
2.

7
4
2
1
7
2
3
0
7
9

Unweeded

2,
2.
2.
3.
2.
4.
3.
3.
3,
1,

,8
,6
.5
,7
,4
j
5

,7
,5
.8

Yield 
reduction 
(t/ha)
due to
weeds

2.9
2.8
2.7
2.4
2.3
2.1
1.8
1.3
1.2
1.1

Av plant
ht

(c

79
77
83
95
79
84
91
92

143
113

m)

.7

.2

.5

.1

.9

.3

.8
.4
.1
.9

 ttiody 1977.

Table 2. Yield of variety Jaya under three levels of 
submergence (25, 50, 75Z of crop height) at each of the 
3 growth phases during aman (July-Nov.) and boro 
(Jan.-April 1973-74).-

Relative
Ht of grain yield (t) 
plant 1973 1974 

Plant growth stage________submerged_____(aman) (boro)

Control (continuous
submergence 5+2 cm) 100 100

Seedling establishment 
to maximum tillerinR

Maximum tiller ing to 
flowering

Flowering to maturity

1 25J 
 J505 
[75S

[25S 
 S50I 
[75X

f25X
 hos
[751

82 
75 
68

81 
71 
72

79
76
70

75 
62 
58

74 
64 
56

71
66
50

  Adapted from Fandc 1976.

Increase in plant height, however, makes the crop more 
susceptible to lodging and decreases nitrogen response (Fig. 2). 
Mahsuri produced reasonably good yields at 0 and 50 kg N/ha, but 
it lodged at 100 kg N/ha. IR34, an improved intermediate-height 
variety, performed better than Mahsuri at 100 kg N/ha but its 
grain yield did not increase when nitrogen was increased from 50 
to 100 kg/ha.
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Grain yield (I/ha) 
6

Nitrogen applied 1 kg/ha)

2. Response of four varieties to nitrogen application, 1976 wet season, IRRI.

Table 3. Effect of partial submergence on yield and yield 
components of 5 varieties. 

Variety

Padura

T(N)1 x T.65

IR8

Jaya

OTU 15

Treatment

Control 
Submergence^.

Control
Submergence

Control
Submergence

Control
Submergence

Control
Submergence

Plant 
ht 

(ca)

87 
91

92
99

92
103

92
105

154
156

Panicles 
(no. /not)

62 
59

57
61

43
38

47
41

46
45

Grains 
(no./ 

panicle)

101 
89

82
85

138
119

109
114

93
102

Relative 
yield 

(I)

100 
84

100
107

100
87

100
95

100
100

- Adapted from Vinaya Rai and Murcy (1976).

  Water depth was kept at 30 co throughout the growth stage.
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Plant height may cause spacing problems, too. Varieties of 
intermediate or tall plant stature tend to lodge at close spacings; 
short and lodging-resistant varieties give the highest yield at 
close spacings (Fig. 3, Tanaka et al 1964, Yoshida and Parao 1972). 
At close spacings and in partial submergence, culms of the rice 
plant tend to elongate more, and the crop may suffer more frequent 
lodging.

Intermediate plant height has recognized advantages where 
there is undependable water control, but those benefits may not be 
realized unless the varieties are made resistant to lodging.

Early maturity

There is increasing interest in early maturing varieties 
presumably because they allow increased cropping intensity. But 
at conventional spacings, varieties with short growth duration 
usually give lower yields (Table A) because insufficient vegetative 
growth prevents them from achieving maximum yields.

Close spacing is essential for early maturing varieties to 
achieve high yields. The grain yield of IR7A7B2-6 at 5- x 5-cm

from yield (t/ha )

g g §
as 8
XX Xa a a

O.I

Tom on 3

x 
o

E 

S
X

8

o

S
X

S
0.2 

T) 2 /hill
0.3 0.4

Grain yield (t/ha)

IR8

IRI54-45

o o
— rj 
'X X

t
8

28 S

g
o

§ 
s
Xa

O.I 0.2 
m2/hill

0.3

3. Yield of Tainan-3 and Peta at 6 spacings (left), 1962 wet season, and of IR8 and 
IR154-45at 5 spacings (rignt), 1967 wet season.
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Table 4. Effect of spacing on grain yield and daily production 
of 3 varieties. IKRI, 1970.-

Selection

IK747B2-6

IR22

IR8

IR747B2-6

IR1 54-18-2-1

1R8

Grouth 
Spacing duration 
(cnl (d.ivsl

5
10
20

5
10
20

5
10
20

10 
20

10 
20

20

x 5
x 10
x. 20

y. 5
x 10
x 20

x 5
x 10
x 20

- 7>:'

X 10

x 20

x 10 
x 20

x 20

95
95
95

114
114
114

124
124
124

;.V; :;*;;>:

98 
98

110 
110

132

Grain 
vield 
(t/ha)

5.62
4.70
4.15

4.92
5.01
4.57

5.32
5.31
5.14

7.92 
7.23

7.23 
6.98

8.61

Daily grain 
production 

in main 
field 

(kg/ha)

75
63
55

52
53
41

51
51
49

102 
93

80 
78

77

i 1RHI 1971.

spacing was as high as that of IR8 in the wet season. In the dry 
season, IR747B2-6 produced about 8 t/ha at 10- x 10-cm spacing, and 
IR8 gave 8.6 t/ha at 20- x 20-cm spacing. At close spacings, 
therefore, the yield potential of IR747B2-6 can be nearly as high 
as that of IR8.

One clear benefit of early maturing varieties is high daily 
grain production. In both the wet and dry seasons, IR7A7B2-6 is 
about 302 more efficient than IR8 in daily grain production.

Another advantage of an early maturing variety is tiign water- 
use efficiency. Evapotranspiration of a paddy field is 
proportional to incident solar radiation and to the number of days 
the crop is in the field. Hence, a higher daily production gives 
a higher water-use efficiency.

As mentioned earlier, a disadvantage of an early maturing 
variety is that it requires close spacings to achieve high yield. 
In addition, it requires a high level of management because each 
day in the field contributes to maximum yield.
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One question on early maturing varieties is how far growth 
duration can be shortened without sacrificing yield potential. For 
rice, the duration of panicle development before heading is fairly 
fixed at about 30 days. The duration of ripening is about 30 days 
in the tropics. Thus, about 60 days is necessary for reproductive 
growth and ripening. How many days are necessary for vegetative 
growth? Allocating 30 days for vegetative growth, the total 
growth duration of early rituring varieties is about 90 days. 
Using a 90-day variety and allowing 20 days in the seedbed leaves 
only 10 days for vegetative growth after transplanting. Obviously 
that is not sufficient.

Direct seeding appears essential for a 90-day variety to have 
sufficient vegetative growth before panicle initiation. For 
transplanted rice, about 100 days would be the shortest duration 
for achieving reasonably high yields. In the comparison above, 
the number of field days is shorter for a 100-day variety of 
transplanted rice than for a 90-day variety of direct-seeded rice. 
Among the materials available, IR7A7B2-6 is one of the best early 
maturing lines; it matures in 95-98 days (Table A). IR28 matures 
in 105 days. Thus, attempts to shorten growth duration are 
approaching the limit for the shortest growth duration possible 
with high yielding potential.

Benefits and disadvantages of cont^istir.j plant characteristics

Good environment and good management are assumed for the good 
plant type or the ideotype. Under those conditions, IRS and 
similar semidwarf varieties are ideal. On the other hand, when 
diverse environments and different levels of management under 
which rice is grown are considered, the problem becomes specific 
to a given location and management level.

No single variety can meet all the requirements set by the 
different environments and management levels. Thus, it is 
important for plant breeders to recognize the benefits and 
disadvantages of contrasting plant characteristics (Table 5).

Apparently, gains in one aspect are accompanied by losses in 
another. Therefore, the choice of individual characteristics or 
their combination is bound to vary with location, conditions of 
culture, and level of use of inputs.
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Table 5. Benefits and disadvantages of contrasting plant 
characteristics.

Plant characteristic Benefits and disadvantages

Plant height 
Short 
Tall

Leaf incl ination 
Erect

Droo py

Tillering 
High

Low

Root
Shallow, and low root- 
to-shoot ratio 
Deep, and high root-to- 
shoot ratio

Grain size 
Snail

Growth duration 
Early maturing

Late maturing

Increases resistance to lodging. 
Suppresses weeds.
Adapted to areas of less dependable 
water cent rol.

Uses solar energy efficiently when 
leaf area index is large. 
Uses solar energy efficiently when 
leaf area index is small. 
Suppresses weeds.

Adapted to a wide range of spacing; 
capable of compensating for missing 
hills; permits faster leaf area 
development (transplanted r ice). 
Adapted to direct seeding.

Uses high proportion of assimilates 
for shoot.
Increases resistance to drought. 
Uses soil nitrogen and recovers 
applied nitrogen efficiently.

Related to fast grain filling, 
adapted to areas having drought at 
later stages of ripening. 
Has potential for high yields; 
requires longer ripening period.

Increases grain production per day. 
Increases water-use efficiency. 
Requires close spacings to achieve 
yield potential. 
Adapted to law fertility.

Photoperiod sensitivity 
Sensitive

Insensitive

Early growth 
Fast

Slow

Adapted to areas of a long monsoon
season.
Can be grown any time of the year,
fitted to multiple cropping systems.

Suppresses weeds.
Essential to early maturing varieties.
Prevents excessive growth at later
stages under good management.
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Rainfed lowland rice — problems and opportunities

CH. KRISHNAMOORTY

I use two key terras in this paper: ivrf-H.rVu and lowl.an;} rice. 
Rainfed rice is the crop grown either directly or indirectly 
with ".'':, ." rainfall. It includes the crop grown with supplemental 
irrigation, provided the water is not imported from another 
catchment; or with water from tanks and wells that depend 
entirely upon ! .':' rainfall. In other words, the term rainfed 
includes situations where the catchment and the command area 
are the same or have comparable climates, particularly rainfall. 
One characteristic of rainfed agriculture is the lack of control 
over amount and timing of water. Hence, moisture insufficiency 
as well as excess is encountered.

The term ' .:.'.' .' : ; is defined in the various puhl ications of 
the International Rice Research Institute as bunded area that 
allows standing water to a depth of about 100 cm. It excludes 
uplands, which are unbunded, and the deepwater rice areas, where 
inundation may be 3 m or more.

A typical catena consists of upland, lowland, and deepwater 
rices grown in the different elements of topography. It is 
obviously n continuum and any attempt to rigidly define lowland 
rice is net with difficulty. However, because of variations 
in soil texture as one moves from the ridge to the slope and to 
the valley, the demarcation between upland and lowland is 
generally discernible. The lowlands are characterized by heavy 
soil texture. In short, drainage within the catchment 
differentiates the uplands from lowlands, and the drainage from 
the catchment decides the further subdivision of the lowlands.

In the uplands, moisture moves vertically and laterally in 
the subsoil. The lowlands are characterized by a better moisture 
regime because water exhibits a slow movement and seepage from 
the uplands contributes moisture over and above rainfall, a fact 
that greatly facilitates cultivation of lowland rice in areas 
where the rainfall is otherwise inadequate.

Assistant director gemral-cum project director (DPI, All India Coordinated Research Project 
lor Dryland Agriculture, Indian Council for Agricultural Research, Hyderabad. India.
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'Hie distinction between lowland rice and deepwater rice 
remains arbitrary. A 1974 workshop in Bangladesh subdivided 
deepwater rices into shallow, semideep, and floating rices. 
The subdivision shallow is common to the lowland and deepwater 
rices. It is hoped that this conference will arrive at an 
agreed description of lowland rice.

APPROACHES TO UNDERSTANDING THE RAINFED SYSTEMS

Rainfed lowland rice can be considered an extension of the 
irrigated lowland rice system with certain modifications, or 
one may proceed from the rainfed systems to gain an understanding 
of the specific requirements of lowland rice. Hitherto most of 
the studies and concepts concerning rainfed lowland rice have 
been developed starting from the irrigated lowland rice system. 
Because irrigated lowland rice has a rather stable and assured 
raicroenvironment, particularly with reference to moisture, the 
treatment of rainfed lowland rice as an extension of irrigated 
lowland rice has resulted in heavy concentration of effort on 
varietal improvement.

I believe this approach has not helped much in understanding 
the rainfed lowland rice system. One may, therefore, start with 
the rainfed systems and project into rainfed lowland rice. Thus, 
the primary dependence on rainfall and its vagaries, management 
of the land and water, and the specific cultural practices come 
to the forefront.

Crop improvement projects have, by and large, confined 
themselves to breeding of new varieties suitable for assured 
water supply, and have initially emphasized yield and, more 
recently, pest and disease resistance. Difficulties are Laced 
immediately when those varieties are extended to >&>:'.:•.••;.' 
environments, that is, rainfed conditions. The preoccupation 
with elite varieties and high yield also resulted in varieties 
that did not fit into the growing season and the fanners' 
cropping systems. 1 do not intend to say that the breeders should 
stop looking /v;«cvzi/ f.lit' ''ii 1 ; 1 .''^'?;; they sluiulJ also pay attention 
Co the realities of thf farmers' world.

Because plant expression and crop performance are tiie result 
of a genotype-environment interaction, improvement of the 
environment itself can give visible yield increases from the 
existing genotypes (local varieties) and, equally important, can 
make the specifications less stringent for the genotypes tin. 1 
breeder must evolve. This is an area in which the breeder and 
the agronomist should closely cooperate. The breeder should
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attempt to overcome specific and predictable stresses through 
new varieties, and the agronomist should overcome nonspecific 
unpredictable stresses through appropriate management practices.

SOIL AND CLIMATE REQUIREMENTS

The most important soil requirement for rice is low seepage rate. 
This requirement is readily fulfilled in medium to heavy 
textured soils. Seepage is dependent; on the exchangeable sodium 
percentage (ESP) of the soil. Recent studies indicate that in 
the case of montraorillonitic clays (black soils) seepage losses 
are drastically reduced if the ESP is of the order 5-8%. Even 
in loam soils seepage losses are considerably reduced if the 
ESP reaches a value of 20%. It is fortunate that rice is not 
sensitive to exchangeable sodium and the yields are not reduced 
significantly if the ESP is less than 30''.

Rainfed ric-e can best bo grown in areas receiving not less 
than 200 ran of rainfall/month for a minimum of 3 months. The 
200 mm/month is based on 6-7 mm of daily evaporation. Besides 
direct rainfall there is the contribution of water through 
seepage and runoff from uplands into lowland rice paddies. 
Another important requirement is that days between two rainfalls 
should not exceed 7-10.

SYSTEMS FOR RAINFED LOWLAND RICE

Two well-defined systems of rainfed lowland rice exist. The 
first and the most obvious is the one in which the system is 
wet throughout the life cycle of the crop, i.e. puddled and 
inundated during the entire life cycle. Obviously such a 
system is practiced only in areas of high rainfall or in areas 
that receive supplemental irrigation.

Alternatively, in the relatively low-rainfall areas, it is 
possible to develop a system of rainfed lowland rice starting 
with dry and ending up with a wet paddy. In this system, rice 
is dry drilled in the early part of the monsoon; when the heavy 
rains arrive, the system is converted to wet by impounding water.

The system that is wet throughout is more productive, but 
the risks are higher. In case of insufficient rainfall, the 
wet paddies are more susceptible to drought injury.
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ABERRANT WEATHER

There are four tyoes of contingencies (aberrant weather) based 
on the amount and reliability of rainfall received during the 
vegetative and reproductive phases of the rainfed lowland rice,

  Rainfall dvrinj the vegetative and reproductive phases is
adequate and assured. This is the ideal. No special problems 
are encountered. The choice of variety is based on the length 
of the growing season.

  Rains during the vegetative phase are inadequate and unreliable, 
but fains during the reproductive phase are adequate and 
reliable. In this case two alternatives are possible. First, 
instead o-f waiting for heavy rains and losing the growing 
season, dry drilling of rice followed by conversion to wet 
later in the season is recommended. For the practice of dry 
drilling, it is necessary to adopt year-round tillage to 
prepare a weed-free field so that rice can be drilled at the 
earliest opportunity. Because tillering is less under these 
conditions, it is necessary to use a high initial population 
(seed rate of about 100 kg/ha) to reduce dependence on tillering. 
The other alternative is to use photoperiod-sensitive varieties 
and to transplant them when rains are sufficient for puddling 
and transplanting.

Again two alternatives are available. The first is to provide 
supplemental irrigation by storing the runoff from the early 
rains. The other is to select shorter duration varieties that 
would ri.pen with limited moisture.

Rain fall is i->ui< <;/\-??«f ts .;»;</ v;^-"!;;;?: J:<?':'>; ; 7 />  ;: '; t/V ih\;ciative 
aril pcvivdutft'! :?c P/K.'.'V;' . Under this condition rainfed lowland 
rice and rice in general would be extremely risky. Crops other 
than rice should be preferred. Maize, sorghum, and finger 
millet are recommended.

CASE STUDIES

India grows 38 million ha of rice, of which only 38% is irrigated. 
Thus, nea-ly 60% of the rice land is rainfed and accounts for 
40% of production. The rainfed area is subject to vagaries of 
the weather and shows high fluctuation of yield.
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Table 1. Net area irrigated by various sources of irrigation 
in India. 1972-73.

Set i rri&ited a rea (nil '. ion ha' ^v source-
Re giotvi

Central
Kast
>orth
South
ii'e s t

All India

Canals

i.07
2. Si
2.t>I
3.0i
0.51

13.07

Tanks

.1 , 58
ll. hi
0 . OOd
2.2:!
n.23

3. ',2

'J.'ll: Others
Tuhe others

2 . (^ ^ '.53 0 . ^ h
 '.^; >. L' I.IS
1.95 ;;.!.i 0.11
0.12 l.~n -.1.17
0.11 !.:h ".13

5.3$ 7.-,- 2.25

Total

11.32
5.47
j.OS
7.3'!
2.7'.

31.97

,1
- Central - states of MaJhv.i "r.iJt-h, F.I j .istli.in, .ir.ii L'tt.ir 1'r.idcsh 

Eastern - wsrly st.ir":; of .Vssjr:. .lihar. Orisn.i, and West
Her..:.! 1 . 

?brr.hern - states i't' iiaryana, Iii::.io!:.i3 i'rade^li, Jananu and
Ka.^hr.i r. a:ij Punjab. 

Sourhenl - st.it*?-; :if Aniiltra i'r.ui'^li, K.irnatak.i, Kcrala an.J
Tasil :;-,Ju. 

Vestorn - states of Cujarat and >i3b.ir.is'.itra.
- Oara fror. Director ite of Econonios ;. >tatistii-s. Ministry of 

Agriculture anw irrigation, Covenir>jnt of Iinti.i.

llie net area irrigited by various sources, as of 1973, is 
given in Table 1. It is clear that of the 32 million ha of 
various crops irrigated, only 18.A million ha are fed by canal 
systems or tube wells and linve assured irrigation. The 
reiKaining 13.6 million ha are irrigated from tanks, open wells, 
or other sources. In southern and western India, tanks and 
open wells are the major sources of irrigation.

Table 2 yives the area and production of rice in the 
various states as (if 197'i-75. It is particularly noteworthy 
that Bihar, Uttar I'radofth, Orissa, Madhya Pradesh, and Cujarat 
have 19 nil lion ha in rice, which are almost entirely rainfed and 
produce belo -.v' average vielils.

On the Chotanagpur plateau of Bihar and in the districts of 
Purulia and Bankura of West Bengal, farmers wait for the heavy 
rains before puddling and transplanting lowland rice. The 
practice often results in a shortened growing season, and the 
transplanted crops run out of moisture during the reproductive 
phase. To overcome this problem year-round tillage is 
recommended to prepare a weed-free field and allow early dry 
seeding. The dry rice is converted to wet when the heavy rains 
arrive in late July or early August.

In MaHhya Prat'esh, a biasi, system of cultivation is 
followed. n adjoining parts of Orissa a buahening system of 
rainfed lowland rice cultivation is practiced. 'Hie land is 
prepared as for dry crops and rice is broadcast. When the heavy
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Table 2. Area, production, and yield of rice in various 
states of India, 1974-75.

State
Area

(million ha)
Production 
(million t)

Yield 
(kg/ha)

Pondicherry
Punjab
Jammu & Kashmir
Tamil Nadu
Karnataka
Andhra Pradenh
Kerala
Haryana
West Bengal

0.027
0.570
0.238
2.250
1.230
3.550
0.880
0.275
5.420

14.440

lid

0.08
1.18
0.46
4.17
2.08
5.70
1.33
0.39
6.54

21 .03

2993 
2072 
1916 
1855 
1667 
1604 
1513 
14« 
1207

1519

Tripura 
Meghnlaya 
Maharashtra 
Himachal Pradesh 
Assam

0.299
0.100
1.324
0.092
2.058

3.873

0.33
0.107
1.41
0.097
1.98

3.924

1091
1066
1063
1051
963

1013

Bihar
Uttar Pradesh
Orissa
Madhya Pradesh
Cujarat

5.228
4.488
4.432
4.526
0.367

19.041

4.559
3.489
3.166
2.409
0.178

13.801

872
777
714
532
484

725

rains arrive, the field is wet plowed crisscross with a local 
plow, the object being to remove the weeds and reduce crowding 
of the seedlings . At the same time, gaps are filled with 
seedlings from crowded parts of the field. The productivity of 
rainfed lowland rice in such areas could be improved by line 
sowing. However, the practice of line sowing requires a weed-free 
field, and a heavy seed rate is essential to make up for low 
tillering.

In Andhra Pradesh, tank-irrigated rice is particularly 
important in the districts of Srikakulam, Visakhapatnam, Ongole 
and Nellore of the coastal region, in all districts of Rayalaseeraa 
except Kurnool, and in all the districts of the Telangana region, 
except Nalgonda and, to some extent, Nizamabad districts. Canal 
systems cover 50% of the 3.573 million ha in the State, and the



Rainl'cd lowland rice - problems and opportunilics 67

remaining 50% is irrigated from either tanks or open wells and 
comes under the category of rainfed.

Almost the entire rice area of Cliittoor district is rainfed 
lowland provided with water from tanks and wells, 
the uncertainty of rains in the early part of the monsoon, the 
usual practice in the eastern parts is to dry seed and convert to 
wet paddies '/hen the monsoon is active in October-November. In 
the western parts of the Chit tour district, which enjoy both south­ 
west and northeast monsoons, rice is transplanted and photoperiod- 
insensitive varieties, particularly the high yielding varieties, 
have become popular. Some of the highest yields in the State 
are obtained in this district with water from wells. Because 
of the extremely coarse-textured soils in the Telangana region, 
almost all the lowland rice is treated wet throughout, i.e. 
the land is puddled and the seedlings are transplanted. In 
some parts of the region, the practice is to grow a catch crop 
of ruing bean (:'i:.:.', ?.':<.   . ; <-"  :<; ') in the early part of the monsoon 
and to transplant rice in the first week of September.

Thailand prows about 8 million ha to rice. Except for a small 
irrigated ares in the central region, the rest is all rainfed 
lowland. The north 2nd northeast are particularly important for 
improving rice production in Thailand. In the northeast the 
rainfall is somewhat lower and less dependable. On the basis 
of existing information, the recommendations for the northeast 
are :

  Dry seeding of rice as early as possible in the weed-free 
seedbed. An alternative- is transplanting photoperiod- 
sensitive,varieties. which flower in the second week of 
October ( - 5. davs).

  Fertilizing the crop only when it is in the panicle 
initiation stage, because the- rainfall is much more 
di-pondable after this stage.

CROPPING SYSTEMS

Jbst of the lowland rice areas in India, Bangladesh, Thailand, 
Malaysia, Indonesia, and the Philippines are potentially two- 
crop areas. Tt is, therefore, necessary to make adjustments 
in rice growing so that the system as a whole becomes more 
product Lve.
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In North India lathyrus, lentil, linseed, safflower, mustard, 
gram, barley, and wheat follow lowland rainfed rice. Lathyrus, 
lentil, and linseed are sown broadcast in the standing rice crop 
just before harvest. The other crops are gi'own after tillage 
and field preparation after rice harvest. In the south where 
the temperatures are warm, a rice-rire sequence is common in
rainfed lowland rice. Recently, wheat after rice hns become 
popular where there are wells. There is a growing interest in 
the use of residual moisture for raising groundnut and hardy 
crops such as safflower after rice.

In Malaysia a number of upland crops such as maize and 
soybean follow rainfed lowland rice.

In the Philippines, a rice-rice sequence has been successfully 
developed in some areas where only a single crop of rainfed 
lowland rice wns being grown.

ACTION PROGRAMS FOR RESEARCH AND DEVELOPMENT

The more important action programs for research and development 
are given here. The list is by no means exhaustive.

In contrast to the sharp distinction between upland and lowland 
rice, the transition from lowland to deepwater rice is less 
abrupt. Tho criterion for differentiating lowland and deepwater 
areas is the depth of standing water. Although this criterion 
is st i 1 i valid, it could be revised on the basis of an under­ 
standing of tin- effect of depth of standing water on the physiol­ 
ogical processes govern ing the growtli ol the rice plant. i-'or 
instance, the water depth where tiller initiation is not appreciably 
delaved niav be considered as the upper liir.it for lowland rice,

There is some information that rice vield is not drastically 
reduced it three to tour leaves emerge and function above the 
water surface. Hence, the definition of lowland rice is based 
not only on water depth but also on the plant type and its 
pheno typic express ion.

What is perhaps most immediately needed is the categorization 
of lowland rice (including deepwater) and an estimate of the 
area growing each categor>'. Knowledge of the extent to which 
each environment could he modified would help in the development 
of suitable approaches and assignment of priorities for research 
and development.

_
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An analysis of the long-term data on climate, particularly 
rainfall, would give an tstitnncc of the growing season and her.ce 
identify the varietal diversification within a civen maturity 
::ono. in addition, methods that are capable of identifying the 
period and duration of drought and moisture excess should be 
developed. The latter should include the anticipated runoff 
and its time of occurrence, and cumulative runoff that would 
be available during the season. Such an analysis would allow 
us to decide which to prefer   a dry-wet lowland rice system 
or a wet system throughout. It will also help in devising 
crop-saving practices.

The terra runoff recycling includes moisture conservation in situ 
as well as utilization of the inevitable runoff. Obviously this 
area of research and development is more important in the dry- 
wet system where the object is to minimize moisture deficiency 
in the dry-seeded crop and to convert the crop into wet later 
in the season.

Runoff recycling is also important in the development of 
cropping systems, particularly when winter crops follow rice.

An analysis of long-ti:ne records is generally useful for planning 
at the macro level, but tru- weather for rainfed rice growing 
is uncertain. It is necessary to characterize the common 
deviations from the normal and to develop alternatives to overcome 
such contingencies.

Ratooning of sorghum and pearl rr.illet has developed as a nrop 
lif-~:-t'-:i"l i>'.': .  : ' ';   *:'<: .? in rainfed areas. An open question is 
whether it is possible to develop a similar system for rice. 
It is well known that ratooning of rice has not proved 
satisfactory, but little information is available on the ratooning 
ability of rice. Is it possible to develop a system of ratooning 
a moisture-stressed rice crop to take advantage of certain rains 
later in the season?

A related problem is the late planting of photoperiod- 
sensitive varieties. With GEB24, which normally flowers in the 
third week of October, the Indian experience is no drastically 
reduced yields if there is an interval of about 7-8 weeks
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between planting and flowering, i.e. GEB24 can be planted as late 
as the first week of September. Some farmers use the early part 
of the monsoon for raising a green-manure crop, which is plowed 
under, and the lodging problems of late-planted GKB2A are far 
less severe. The question to be resolved is, how long can the 
transplanting of photoperiod-sensitive rice varieties be delayed?

Isnj-cont i.nr>nin and theii' nnni'ic.m-int

The two major constraints in rainfcd agriculture, irrespective 
of the crop, are stand estnblishment and pest (weed, insect, and 
disease) management. Some of the ideas developed on primary 
tillage and its timing, and weed management during the off-senson 
are summarized in the paper on tillage (De Datta, Morris and 
Parker,this volume). 'Hie advantage ot year-round tillage is a 
firm weed-free field, which facilitates early sowing and good 
stand establishment.

Poor stand establishment mav ho caused by low seed rate, 
failure of seedlings to emerge, and early seedling mortality. 
The remedy for low seed rate is farmer . :.. . '."   :. With minor 
modifications on native implements, it is possible to develop 
seeding practices that give satisfactory crop stand. Instead 
of sowing behind a country plow, a seed tube may be used to 
ensure that the seed is placed in firm contact with the moist 
soil. Once the crop is sown in lines it is possible to direct­ 
ly use native implements or modify then tor iiuercul t ure and 
weeding.

Considerable work has been done on pest management through 
the evolution of resistant varieties. Because it is difficult 
to incit rpur.it e resistance to all the major pests and diseases, 
it is still necessary' to adopt cultural practices and ~: nimun 
use of pesticides. There is considerable evidence th.it 
irrespective of the crop, early sowing gives ,1 distinct advantage. 
The general advantage is seedling vigor, which enables the crop 
to overcome nonspecific and nonlethal pests and diseases. In 
addition, there is the advantage of mi n ini ;'iru; specific pest iind 
disease problems, e.g. gallflv.

All the preceding points have been recognised in India as 
vital to kharif rice, which is mostly rainfed.

Fertilization of rainfed crops should be designed to optimize 
input use and minimize risks. Split application of nitrogen is 
a recognized way of overcoming risks. The levels of nitrogen
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and their timing should be worked out specifically for each 
situation.

SUMMARY AND CONCLUSIONS

Nearly 50Z of the world's rice area is rainfed lowland. Tlie 
risks and hazards associated with lowland rice arc due largely 
to weather and associated pest problems. Control over the system 
is least when it is directly rninfed. In such cases risks are 
mitigated to some extent by the choice of the climatic zones in 
which lowland rice is grown. Best control is achieved thrc",:gh 
supplemental irrigation from tanks and wells.

When there is good control over the system, as in the case 
of irrigation from wells, the objective should be high yields. 
For conditions of less control, approaches should be developed 
to minimize risks; stability of productivitv and production then 
become particularly important. Hie need is to develop systems 
of lowland rice culture capable of capitalizing on years of 
favorable weather. It is understood that in years of bad weather 
such systems may not prove superior to those traditionally 
practiced bv the farmers.
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Rainfed lowland rice in Bangladesh

M. S. AHMAD ond M. NASIRUDDIN

The total rice area of Bangladesh if. about 10.3 million ha. 
Only 1.1 million ha are irrigated, apci the rest are rainfed. 
The rainfed area includes drought-proi.e upland areas and areas 
where rice is grown in water i.5 m deep. The area with water 
depths of 5-100 cm, which is designated as rainfed lowland for 
this paper, comprises about 66.8/j of the total rice area. 
Therefore, rainfed lowland rice in Bangladesh occupies an 
important place in the economy. Although favored by rainwater, 
the rainfed lowlands 'nave ~;iiiy prob 1 ens .(rising from the four 
rice seasons with their different ecological conditions. The 
concept of seraidwarf or short-statured, photoperiod-insensitive 
varieties has been found inadequate to solve the problems.

TYPES OF RICE CULTURE

Bangladesh has four different, but overlapping, rice crop seasons. 
They are aus (March to September), broadcast aman or deepwater 
rice (March to December), transplant aman (June to December), 
and boro (November to May) .

Table 1 shows 5.2 million ha are transplanted and 5.1 
million ha are direct- or broadcast-seeded. From another 
viewpoint, photoperiod-sensitive varieties grow in 5.6 million 
ha, and photoperiod-insensitive varieties are in 4.7 million ha 
The classification in Table 1 has 15 subgroups, 10 of which 
belong to the different ecological conditions of rainfed lowland. 
Rainfed lowland rice occupies 66.87. of the total rice area and 
the 10 ecological groups demand appropriate emphasis for the 
improvement of the crop for the area.

VARIETAL GROUPS AND CHARACTERISTICS OF RAINFED LOWLAND RICE

Table 2 presents the comparative importance of different varietal 
groups growing as rainfed lowland. Transplant aman occupies the

Associate director and rice breeder, Bangladesh Rice Research Institute, Joydebpur, Dacca, 
Bangladesh.
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Table I. Area, types of culture, and rice varU-tal groups In Bangladesh, 1978.

Upland, unbunded
Irrigated

1st crop (cnonsoon)
2d crop (dry boro)

Shallow rainfcd lowland
(5-15 CP)

Intermediate rainfed
lowland (16-49 CD)

Scmideep rainfcd
lowland (50-100 cm)

Dcepwater (100 cm * )

Total

Area
Tranbplant

Photoporiod ttiotopcrlod-

0.10
1.00

(boro)

1.80 0.20

1.30

0.70 0.10
(local boro)

3.80 1.40

(million ha)
Broadcast

Photooeriod Photoperiod-

1.00

1.00

0.10 0.98

0.50 0.20

1.20 0.12

1.80 3.30

Total 
(million ha)

1.00

0.10
1.00

3.00

2.38

1.50

1.32

10.30

Table 2. Rice varietal groups in three water resines of rainfcd lowland in Bangladesh, 1978.

Variola 1 
aroup

Am 
Transplant aman 
Broadcast aman 
Boro

Total

Area
Shallow 

rainfod lo

1.20
i.ao

3.00

(million ha) occupied bv
Intermediate 

wland rainfed lowland

0.98 
1.30 
0.10

2.36

varietal croups
Setaideep 

rainfed lowland

0.20 
0.70 
0.50 
0.10

1.50

Total

2.33 
3.80 
0.60 
0.10  

6.3S

largest area. All four groups have the common characteristics 
of height (about 150 cm), plant type, and yield potential. 
Short-plant-type varieties do not have much access to the 
rainfed lowland area and, as such, the impact of the modern 
high yielding varieties on total rice production has not been 
significant.

About 64 70 of the rainfcd lowland area grows photoperiod- 
sensitive rice varieties, which enjoy certain advantages during 
the seasons over the photoperiod - insensitive varieties. Most 
modern varieties are photopcriod-insens it: ive; only a feu- are 
slightly sensitive, and have not been accepted widely. Of the 
photopcriod-sensitive varieties, broadcast aman occupies about 
600,000 ha. These varieties can elongate with rising flood and 
are also considerably drought resistant.
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A'-s occupies 2.38 million ha. These varieties are 
photoperiod insensitive and drought resistant, and have short 
duration (85 to 120 days). Being drought susceptible and of 
long duration, most modern varieties are not generally suitable.

About 0.7 million ha of transplanted araan anil broadcast 
arnan in rainfed lowlands are affected by tides at the coastal 
belt. The local varieties are tolerant of the prevailing tidal 
conditions, but inland varieties of similar characteristics 
cannot grow.

In general, aman varieties are tolerant of cold weather 
at the reproductive stage and boro varieties are tolerant of 
cold weather at the vegetative stage.

To cover the risks of drought and flood, a considerable 
area is mix planted with aus and broadcast aman. The quick- 
growing, photoperiod-insensitive aus varieties combine 
satisfactorily with slow-growing, photoperiod-sensitive broadcast 
aman varieties. The modern short varieties are not suited for 
the purpose.

The characteristics of the varieta1 groups are adaptive 
mechanisms for the prevailing ecological conditions. Unless the 
ecological conditions change, any new varieties developed should 
have these characteristics in addition to the basic characters 
needed for high yield potential.

RICE PRODUCTION AND PRODUCTIVITY

Rice production in Bangladesh has not been as high as expected 
after the development of the modern rice varieties. The modern 
varieties (wiln high yield potenti;il) have covered only 15-18% 
of the total rice area and provide 30-35% of total production. 
The impact of this increased production has significantly 
alleviated the chronic shortage of food due to population 
increase. Table 3 presents an estimated present average yield 
of different groups of rice varieties.

Since 1975 modern varieties like BR A (Brrisail), BR 5 
(Dulhabhog), and BR 7 (Brribalam) have been recommended and 
two more varieties, BR 8 and BR 9, are being considered for 
recommendation. These varieties have intermediate stature 
and are expected to cover wider rainfed lowland areas. With 
the present trend in technological improvement, the expectation 
of higher rice production within 10 years appears reasonable. 
We expect improved varieties for deepwater, coastal belt, and 
drought-prone areas to be possible within the next 10 years.
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Table 3. Rice production and productivity (t/ha) under different rice cultures 
and varletal groups, 1978.

Foreseeable
Present average Present potential potential In 

Type of culture____________yield___________yield_________10 yr

Upland, unbundcd
Irrigated, wet
Irrigated, dry (boro)
Shallow ra infed lowland

(5-15 cm)
Intermediate ra Infed lowland
(16-49 cm)

Semidcep ralnfed lowland
(50-100 cm)

Deepuater (100+ cm)

National average

1.00
2.50
3.50

2.00

2.00

1.50
1.25

1.80

1.
3.
A.

2.

2.

1.
1.

50
50
50

50

25

50
25

1
4
4

3

2

1
1

.75

.00

.50

.00

.50

.75

.50

CULTURAL PRACTICES FOR RA INKED LOWLAND RICES

Land preparation, weed control, fertilizer management, water 
management, and time of seeding differ considerably for the two 
methods transplanting and direct -seed ing. Time of planting varies 
considerably with water depth. The rainfed pattern and water 
depth also dictate whether one should direct-seed or transplant. 
Soil texture also affects the choice of planting method. For 
convenience in weed control, line seeding is considered better 
than broadcasting; for economy of soil moisture, dibbling is 
better than line sowing.

Four main cropping patterns are recognized in tiie ra infed lowland 
areas. They can be further divided into one or more subtypes. 
The major patterns are linked with elevation, soil moisture and 
types, duration of flooding, etc.

1. . !:<;:-,/ '< "<' + ?:',;>;;<: /.;>;' .-.,- : + ;':''•'" • ." :•:':'' .'."A1 ;' is a 

typical pattern on moderately permeable soils, common in the 
Tista and Brahmaputra f loodpla ins, parts of Madhuptir tract, 
eastern parts of Syllu-L, Comi1 la.Noakha 1 i and Bhola subdivision, 
and Chittagong coastal plains. The pattern is also followed in 
the irrigation projects. Aus is usually broadcast, hut it is 
transplanted where rainfall is higher and earlier. Jutr 
substitutes for aus rice in the Tista-Brahmaputra floodplains. 
In some regions, after transplant ani.m the l.nid is i.illi'wi-d or 
winter crops such as pulses and vegetables are grown.



Kainlal lm\l;ind ncc in Bangladesh 79

2. 7V.:?:.-?r.'.,-;>:' u'"*;>; (o;'>:-.-:V I'l 1.'?: ' is widespread on the 
Barind tract, tidal areas of Kluilna division, Noakha 1 i charland, 
parts of Dinajpur and Rangpur , and in scattered areas in other 
districts. Conversion of part of single crop 01 transplanted 
aman to double-cropped rice deserves attention.

3. jV.;>:,: .';>:* .;   ;»: + ,; .v .M"1 is coranon in shallow and inter­ 
mediate water regimes when: tube wells, low-1 i f t pumps, or 
gravity irrigation have been provided in recent years. Such 
areas are found scattered within patterns 1 and 2.

4..'.':'.:-.- ;'.; (,;   ;>::" .: :»v;;.',:,.: f ;;":."'.' + v:' 1 ;*.'," .. .". i- v is a widely 
practiced pattern in shallow to moderately flooded areas 
(semideep) on the Brahmaputra, Jamuna, and Conges floodplains 
and parts of the old Meghna estuarine floodplain. In all areas 
jute replaces mixed aus and broadcast ainan. In some areas jute- 
is inter/sown with broadcast aman in place of aus. This region 
represents most of the triple-cropped area in Bangladesh. Some 
areas (Chandpur-Daudkandi) even produce four crops a year. Aus 
mixed with broadcast an<an, grass pea, or black gram is intersown 
through the ainan, and in January-February sesame or millets are 
grown. A wide range of dryland winter crops is grown: mustard, 
linseed, lentil, gram, wheat, barley, millets, chili, tobacco, 
various vegetables, and spices. This pattern is possible because 
of the earlv harvest of broadcast aman in October-November.

PRESENT STATUS OF RA INKED LOWLAND RICE RESEARCH

The breeding program for vain fed lowland ricu emphasizes taller 
seedlings with intermediate pla:it height. Because the rainfed 
lowland area covers a'i rice seasons and groups, the breeding 
objectives are based on the requirement of each season and group. 
Photoperiod sensitivity is required for transplant and broadcast 
aman, short growth duration for transplant arnan, and tolerance 
for cold at the reproductive stage for both aman groups. Boro 
varieties require cold tolerance at the vegetative stage. Aus 
and broadcast aman need tolerance for upland cultures. An aus 
variety should have seedling vigor, intermediate to tall plant 
height, short growth duration, and good grain quality. On tl. r.- 
other hand, broadcast aman will need elongation ability.

For all rice groups, resistance to common diseases is also
emphasized. Maximum attention is directed toward shallow to
interned in' <• rainfed areas where aus and transplanted aman are

Intermediate to tall plant types and both photoperiod- 
sensitive and photoperiod-insensitive varieties are needed.
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The new intermediate and tall plant statures should have lodging 
resistance,

All those plant characters are actively sought in the 
research program at the Bangladesh Rice Research Institute 
(BRRI). A few varieties have already been released and more 
are expected to be released in the near future. In Bangladesh, 
the most important breakthrough is expected in the rainfed 
lowland area.



Rainfed lowland rice in Burma

OHN KYAVV and P. B. ESCURO

About 9.3 million ha or about one-seventh of Burma's touil land 
area is presently cultivated and about 5.1 million ha (55%) of 
thr.t is used for rice. Rice is grown throughout the year, where 
sufficient w.iLer is available.

The rice areas with different environmental conditions are 
shown in lable 1. The figures show that lowland rice covers 87'i', 
of the. total rice area. Practically all the areas in rice in the 
high rain;"."'! regions of southern Burma are rainfed.

The low-lying areas, which nre difficult to drain in the 
high rainfall regions, generally grow aoepwater or floating rice. 
In some places che.se lands are left implanted during the monsoon 
and then ,;row early lowland varieties with residual soil moisture 
toward the end of the rainy season.

The irrigated rice areas are generally found in the drier 
parts of central Burna. Most of the upland rice areas are in the 
hilly regions borderirp the plains. In some places shifting 
cultivation of upland rice is still found.

PRINCIPAL KAINFKD LOWLAND RICE VARIETIES 
A:;D THEIR CHARACTERISTICS

In the? shallow to intermediate rainfed lowland regions, varieties 
grown are usuallv nodiu1^ to medium- li'tc maturing, photoperioti 
insensitive or .sensitive, and med i u.n to medium tall in stature. 
Locally irr.provod varieties arc- generally grown in about 23% of the 
total rice urea. Because of their large number, not one occupies 
a vide area. One, Ngwetoe (C53-3?), however, was grown 
consistent Iv on nore than 40,000 ha yearly during the last few 
yuars. Ugwetoe is adapted to low-lying, high rainfall regions. 
It is nii'diiim tall hut lodging resistant, responsive to nitrogen 
fertilizer, and strongly sensitive to photopenod. Farmers plant 
i 1 enrlv in .lune when the water conditions in the fields are right 
for land preparation and transplanting. It is harvested soon 
after the monsoon is over in November to December.

Deputy general manager and FAO 'ice improvement specialist, Rice Division, Agricultural 
Research Institute, Yejin, Prymmana, Burma.
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Table 1. Crowing conditions of rice in burma.

Crowing condition , , "! Percent ____°___________________(thousand hat__________________

Rainfod lowland 'iV>^».0
Normal plains 3'«23.8
Saline 115..' )

Irrigated K71.J 17
[Wpuater i"H.i <J
Upland IS).; A

Total 5116.8 100

A few introduced improved lowland varieties are also grown 
in the rainfed lowland areas. One of them, IR5, was introduced 
from IRRI in 1968 and is now grown on more than 250,000 ha. It 
is medium maturing, nonphotopcriod sensitive, intermediate 
statured, fairly lodging resistant, and capable of producing, high 
yields.

Traditional medium-late to Into maturing, strongly 
photoperiod-sensitivc, tall to very tall lodging varieties with 
low yielding capacity are grown in large areas of the intermediate 
to semideep rainfed lowland category. They are sown in June, 
transplanted in July-August, and harvested in December-January.

Where salinity is a problem because of intrusion of tidal 
seawater late in the sea son, salt-tolerant varieties are grown. 
The agronomic characteristics of such varieties do not differ 
much from those of the locally improved or traditional lowland 
varieties, except that they can tolerate usual field salinity 
condition?,. Their grain characteristics, however, are not as 
good as those of the varieties that are not to'ierant of salinity. 
Cenapu is an introduced salt-tolerant variety that is gaining 
popularity.

In the limited, short-rainfall rainfed areas of the central 
plains, very early maturing lowland varieties and upland-type 
varieties are'grown. f

RICE PRODUCTION AND PRODUCTIVITY

Statistics on production of rice by different types of rice 
culture in Burma presently are not available. Table 2, however, 
gives an indication of production and productivity. Sagaing, 
Mandalay, and Magwe divisions are mostly irrigated. The four
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Table 2. TotJl production and proJurt ivitv of rice in 11 urn a by 
state or division, 1^7^-77 wet s*Mson.

Stale or division

Mon
Karen
Kayah
Shan
Kachin
Chin
AraVan
Sagaing
Mandalay
Magve
Psgu
Irrawaddy
Rangoon
Tenasieriffi

AriM of

(thousand ha)

T6i
ISh

22
:«a
11 3

31
3:7
.'.a:
:<>.!
16h
w»$

1311
500

83

(thi'usand t)

443.
190.
-'8.

424.
191.

30.
548.
854.
:>15.
291 .

S908.
2671.
934.
121.

6
0
?
9
h
J
*>
7
9
0
9
5
6
1

(t/h

1.
1.
1.
1.
1.
0.
1.
1.
1.
1.
2
i
1.
1.

a)
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Total 1.84

i;tlier divisions are essentially rainfed lowland, including 
deepwacor and some saline-water areas. The data indicate that 
the rainfed lowlands, except Tenasserim division, are slightly 
more productive than the irrigated areas. Their yields range 
from roughly 1.9 to 2.1 t/Iia.

The lower yields (about 1. 
despite the predominance of inp 
to lower native soil fertility, 
crop management. Last year's s 
in three selected townships dum 
doubled, or even trebled, when 
grown with adequate inputs and 

The productivity of upland

t/ha) in the irrigated divisions, 
roved varieties, can be attributed

lack of fertilizers, and poor 
.peci.il rice production projects 
onstrated that yields can be 
suitable improved varieties are 
recommended cultural practices, 
rice is low, as shown by the

Table 3. Present and potential yields of different types of 
rice culture in Buraa.

Type of culture

Upland, ur.b'inded
Irrigated, wet season
Irrigated, dry season
Shallow rainfed lowland

(5-15 en)
Interaediate rainfetl lowland

(16-49 en)
Seaideep rainfed lowland

(50-100 co)
Dvepyater

(>100 ^m)

Present
Average 
(t/ha)

1.0
3.0
3.5

2.0

1.5

1.0

0.8

yield
Potential 

(t/ha)

1.5
4.0
5.0

3.0

2.5

2.0

1.5

Yield potential 
in 10 years 

(t/ha)

2.5
5.0
6.0

4.0

3.5

3.0

2.0
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yields of Kayah, Shan, and Chin states, which have predominantly- 
upland rice areas. The yields are low (1.0-1.A t/ha).

The present average yield, potential yield, and potential 
yield 10 years hence for e.-icli rice type are shown in Table 3.

CULTURAL PRACTICES FOR RAlNtED LOWLAND RIG 1-'

The cultural practices for shallow to intermediate rainfed 
lowlands are essentially those for the irrigated areas. 
Pregerminated seeds are sown in nursery heds and seedlings arc 
transplanted later. The field is plowed and harrowed with 
animal-drawn implements soon after the seeds are sown in the 
nursery. Because of better water control, land preparation in 
the irrigated areas is generally more thorough than that in the 
rainfed areas. Because most varieties grown with irrigation are 
photoperiod insensitive, the seedlings are generally transplanted 
earlier than in the rainfed lowlands. Water control is difficult 
in rainfed fields; thus weeds generally grow more abundantly 
than in irrigated areas, and more weeding is necessary.

In the rainfall-short rainfed lowlands, the seedlings 
sometimes cannot be transplanted on time and become overage. 
Transplanting overage seedlings, particularly of early maturing 
varieties, results in fewer productive tillers with few grains 
and low yields.

In semideep ;vinfed lowlands, dry seeds are sometimes sown 
directly on fields prepared dry, or pregerminated seeds are sown 
directly on puddled soil at the start of the rainy season, 
because water rises fast when the monsoon starts and transplanting 
and establishment (if seedlings in deep water are difficult.

MAJOR CROPPING PATTERNS FOR RAINFED l.OWI-AND RICK AREAS

Rainfed lowland rice is grown in an estimated 3.6 million ha. At 
present, the crops grown in nonrice seasons, particularly in the 
shallow to intermediate rainfed lowland category, are sesamum, 
groundnut, jute, pulses, and vegetables. The area grown LO 
various crops other than rice totals slightly more than 400,000 
ha, or about 11. TL of the total rainfed lowland rice land. The 
area of all nonrice crops is fast expanding and at least two more 
crops (corn and sunflower) are being introduced into the cropping 
system. The area is expected to increase to about 897,000 ha or 
about 252! of the rainfed lowland rice lands in the future. Table 
k shows the present and potential areas of these crops.



85

Tabli- H. Present .inJ potential area of nonrii-u erops in minted 
Kiwlaniis of Btima.

Crop ;(., .'• "" f Ha . : '"____ _ _ _______ ru'o area_ ____ _ _ricf^ariM

5es.iTU.-r' 50,531 l.i 97,500 -.'.,'
Jute* •'.-.IS.: I..' 117.000 i.3
Gr uiuipiit • lO.'.'o.'h 2.*) WS.OOO S. S

SHS-- l-2.J3i i.')
e tab If- ,i::»!
t|)er ert.p/ «.1,J1(. 1.7

The cultivation of early sesamum, jute, grouidnut, pulses, 
and vegetables either before or after the main r'.ci; crop has long 
been practiced in rainfed lowlands. Although ersentially grown 
in nonrice lands before, corn am! sorghum are gradually 
finding their way into the rainfed lowland rice cropping system. 
Sunflower, a newly introduced crop, will also be grown either 
before or after the ir.ain rice crop in rainfed lowland areas. 
Figure 1 presents the existing cropping patterns of these crops in 
rainfed lowland rice areas.

PRESENT STATUS OF RESEARCH ON RAINFED LOWLAND RIO'

Past research on rice concentrated on problems related to 
irrigated rice, which occupies only 17% of Burma's total rice 
area. Efforts should be concentrated on solving the production 
problems of rainfed lowland rice, which grows in 70% of the 
total rice area.

The relatively low yields obtained with rainfed lowland rice 
are due to one or more of the following causes:

  continued use of low yielding unimproved traditional 
varieties,

  use of impure seed stocks,
  use. of overage seedlings for transplanting,
  poor land preparation,
  use of wide transplant spacings (or low seed rates in 

directly seeded fields)
  inadequate and untimely fertilizer application,
  late and inadequate weeding,
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Type
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Cropping calendar

1. Present cropping patterns in rainfall lowland areas ot Burma.

  inadequate and late pest control, and
  late harvesting and improper handling of harvested grains 

on the farm.

Varietal improvement of rainfed lowland rice is being done 
at Yezin; eventually selections will be tested in regional stations 
in the rainfed lowland areas. Yield trials of locally improved 
rice varieties are conducted in the rainy season at three rainfed 
rice regional stations to determine those which are most adapted 
to specific areas. Basic seed of recently released improved 
lowland varieties are being produced at the Agricultural Research 
Institute (AHI), Yezin, for further multiplication in the rainfed 
lowlands.

Cultural mr.riagement trials at three rainfed lowland rice 
stations use locally improved varieties to study the effects of:

« different seed rates on yield of directly seeded rice.
  seedling age at time of transplanting,
  plant spacings under different fertility levels,
  transplanting dates, and
  different fertilizer ratec on broadcast fields.

To help the special production drives laid down for the major 
rainfed lowland areas, research programs are being drawn annually 
in cooperation with AR1, Yezin, for implementation at the rainfed 
rice regional stations.



Rainfed lowland rice in India

M. J. BALAKRISHNA RAO and S. BISWAS

xn large area? in India the main rice crop is grown during June 
to December, i.ho season known as khai'if. During kharif, early 
duration (autumn) varieties are grown in uplands, and medium- 
and late-duration varieties (winter rice) are cultivated in 
medium-low and lowland areas where there is standing water for 
a longer period. The autumn crop is grown on 14.65 million ha 
(36.92?e) of 39.68 million ha in rice, and the winter crop 
occupies 23.01 million ha. Where irrigation facilities exist 
in localities south of 24° N' latitude, another rice crop, the 
.".7.'.: (dry season) crop, is grown on 2.02 million ha (5.097C) 
from December to May.

Most of the rice crop in India depends entirely on the June- 
October southwest monsoon. About 30% of the crop is reported 
to have assured irrigation in areas with tanks, tube wells, and 
shallow wells that depend indirectly on the monsoo--. The 
average yield for 1972-76 ranged from 1.06 t/ha to 1.25 t/ha. 
There is no appreciable overall increase in total production or 
productivity for the winter and autumn rice crops. However, 
there is substantial increase in productivity with high yielding 
modern rice varieti-.s as the autumn crop in irrigated low- 
rainfall regions such as Punjab, Karnataka, Andhra Pradesii, and 
Tamil N'adu. These regions also have the highest spread of modern 
rices in S.kj.i'if. The most spc •:tacular spread of modern varieties 
has been achieved in the rr>.bi rice crop of the eastern and southern 
regions of India.

In the heavy rainfall zones (precipitation above 1,300 mm 
from June to December) of Otissa, West Bengal, Assam, Kerala, 
regions of Bihar plateau, the eastern part of Madhya Pradesh, 
and the Konkan region of Maharashtra, a large portion of rice 
land remains under water depths of 15-100 cm during crop growth. 
Even in the moderate rainfall zones of coastal Andhra Pradesh,

Geneticist and botanist, Ceniral Rice Research Institute, Cuttock, Onssa, India; and economic 
botanist. Rice Research Station. Chinsurah, West Bengal, India.
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Tamil Nadu, and the riverine districts of Bihar and Uttar 
Pradesh, the low-lying areas are subject to submergence of 
the rice crop to varying depths. Such areas constitute about 
60% of the total kharif rice crop area.

CLASSIFICATION OF WATERLOGGED AREAS

Waterlogged areas can be broadly classified into shallow 
lowlands (5-15 cm water), intermediate lowlands (16-49 cm), 
semideep lowlands (50-100 cm), and deepwater (100 cm and above). 
A rough estimate of areas under each category is presented in 
Table 1.

Shallow rainfed conditions prevail in medium-elevation 
lands where water accumulates at late stages of the monsoon. 
Generally, photoperiod-sensitive varieties of medium duration 
are grown in the eastern and northeastern regions (high 
rainfall) and also in the low-rainfall regions Co ;i limited 
ox tutu . A major are;i (about 10 million ha) constitutes the; 
intermediate rainfed lowland:;. Thorn is considerable scope 
in these two water regimes for improving rice productivity 
through variotal improvement and management practices. In the 
semideep and deepwater areas v;ater accumulates from the early 
monsoon, i.e. irom late July onwards; once accumulated the 
water cannot be drained. Seed is mostly broadcast in lato May 
or early June.

Only transplanted rainfed lowland rice is grown in the low- 
rainfall region. Farmers wait for the intensive monsoon for

I.iMe 1. L.wl.ii:.'. .iti-.i-. <j;ui. r ;!:!!

K.il.'i Ji-tuli____

Mi.ill.'U 1-ainlcJ 
(',-\'i IT.I w.itor) 
lnr.i-m.-Ji.il..- r.iinl.-J 
(Id-.'.'l en) 
S.inlJi>i-|i l-jinl.'J 
(')U-IOO cm) 
Dt-i-|iw.it.T ^1011 c-i)

Tut.11

U-ul.lnJ .II. . (nilll.il! h.l)
1 r.i'i.spl.nHi-.l Bio.i.)c.-i;
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land preparation and transplanting. Depending on rainfall, 
transplanting may take place from mid-August to late September, 
sometimes with 60- to 80-day-old seedlings.

The irrigated lowlands and rainfed lowlands in high-rainfall 
zones receive no special advantage from irrigation because they 
are prone to waterlogging. Irrigated lowlands in the low- 
rainfall zones, on the other hand, are greatly benefited by 
irrigation.

Dr. M. S. Sv.inun.i than, director general of the Indian Council 
for Agricultural Research, rjcont.lv said, "Productivity and produc­ 
tion of rice in India's low-lying areas have remained stagnant. Most 
of the rice—growing regions of West Bengal, Assam, North Bihar, 
eastern I'ttar Pradesh, and Orisna have been bypassed by tile high 
yield rice technology because some of the basic needs of low-lying 
areas, o.g. the breeding of high yielding varieties tolerant of 
waterlogging and flooding, improved fertilizer and management prac­ 
tices, and better postharvest technology, have not received adequate 
attention. The untapped yield reservoir of low-lying areas is large. 
Hence, the major gaps in the current rice technology for low-lying 
areas should be identified, and our efforts to develop a technology 
Chat combines high yield potential with low risk and is suited to 
the environment of eastern India should be redoubled."

The general problems for rainfed lowland rice are:

• Uneven distribution of rainfall during June, July, and 
Angus t,

• Poor establishment of seedlings due to partial submergence,
• Premature lodging of the crop,
• Low photosynthetic efficiency of the varieties due to 

reduced light intensity normally prevailing in kharif,
» Accumulation of toxic soil substances in ill-drained 

fields, and
• Severe pest occurrence during the monsoon.

In certain areas, soil factors such as salinity, alkalinity, 
and zinc deficiency interfere with rice production. Environmental 
effects of low light intensity and inclement weather are also 
felt.

CLIMATOLOGICAL CONSTRAINTS

Because 70% of India's rice area is rainfed, the success of
the rice crop depends on the uniform distribution of June-August
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rainfall. Late onset of the monsoon can cause considerable 
delay in all field operations. A record yield of 48.74 million 
(1.25 t/ha) was obtained in 1975-76 when rainfall distribution 
was uniform. In 1974-75 production was 40.25 million (1.06 t/ha); 
in 1976-77 it was 42.78 million (1.11 t/ha).

Tcmpai'atiO',?, aimuhini'!, and t°oliti l rarit'.iit-i.on ••>> kijh-r:rhif<:l I r."r.,?u

Low rice yields during kharif are attributed partly to low solar 
radiation (250-300 cal/day) coupled with high temperature at 
tillering and flower initiation. The unfavorable conditions 
result in impaired total dry matter production, high tiller 
mortality, high spikelet sterility, and reduced harvest index. 
Solar radiation and day and night temperature are more favorable 
from panicle initiation to grain filling during November and 
December.

PRESENT STATUS OF VARIETIES FOR 
WATERLOGGED AREAS

In the waterlogged areas photoperiod-sensitive varieties of 
150- to 170-day duration are invariably grown because they are 
ready to harvest after the monsoon and withdrawal of water 
from the fields. In the medium elevation lands where water is 
expected to recede earlier, medium-duration photoperiod- 
sensitive varieties are grown. In the deep lo\^lands, long- 
duration varieties are grown. Hence, photoperiod-sensitive 
varieties are the only answer to the requirements of waterlogged 
areas. The list of varieties from the rice-growing states is 
in Table 2. Most of the varieties are tall with a tendency for 
rank growth, more so after small doses of nitrogen. They are 
all weak strawed, and considerable yield losses occur due to 
lodging. A yield of 4 to 5 t/ha was obtained by preventing 
lodging; the crop that lodged gave only 2 t/ha. The varieties 
are well adapted to waterlogged soils and monsoon growing 
conditions, except lodging. Incorporation of the stiff straw 
character into such varieties is, therefore, essential.

Earlier, attempts to breed stiff-strawed late-duratiou 
varieties suitable for lowlands were made at the Central Rice 
Research Institute. Promising lines adaptable to lowlands were 
obtained from crosses with bulu varieties from Indonesia. 
Among these lines special mention is made of CR1014, derived 
from the cross T90/Urang ura.igan 80, which is being grown 
extensively in Orissa, parts of Andhra Pradesh, and West Bengal. 
CR1014 is moderately nonlcdging, with excellent grain quality 
and good tolerance for pests and diseases. It gives stable
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Table 2. Popular photoperiod-sensitive varieties in rice- 
growing states of India.

State

Andhra Pradesh

Blhar

Kerala

Mysore

Uttar Pradesh

Ass as

Tamil Nadu

Madhya Pradesh

Orissa

West Bengal

Variety

SL013
MTU10
GEB24

BRS
BR3A

Ptb2
Ptbl2
PtblS
Ptbl6
Ptb4

GEB24
SR26B
S1092

T9
T100

Praaadbog
Latisail
Manoharshali

GEB24
CO 25
ADT5
ADT9
CO 29

Cross 116
Cross 18
RIO Chhacri
R15 Chinoor
Safni 17
CR1014
190
Bam. 6
Bam. 9
T1242
I1V
CR1014
Jagannath
SR26B

NC1281
Latisail
Basmanik
Patnai 23
Badkalanmkati
Badshabhog
CR1014
PankaJ

Grain characteristics

Short, bold
Medium, slender
Medium, slender

Long, slender
Long, slender

Short, bold
Short, bold
Short, slender
Short, slender
Short, bold

Medium, slender
Long, slender
Medium, slender

Long, slender
Short, bold

Medium, slender
Medium, slender
Long, bold

Me'Uua, slender
Short, bold
Short, bold
Long, bold
Long, bold

Long, bold
Short, bold
Medium, slender
Short, slender
Long, slender
Medium slender
Medium, slender
Medium, slender
Long, bold
Long, bold
Medium, slender
Medium, slender
Medium, slender
Long, slender

Short, medium
Medium, slender
Long, slender
Long, slender
Long, slender
Medium, slender
Medium, slender
Medium, bold
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Deepwater rice varieties of different states.

State

Andhra Pradesh
Assam

Kerala
West Bengal

Bihar
Uttar Pradesh

Variety

PLA2
EB1 
EB2 
AR1 
ARC353-148 
AR61A-25B
Ptblb
Hybrid 84 
(Asr. 108/1 x 

Patnai 23) 
Jaladhi 1 
Jaladhi 2
BR14
Jalmagna 
Jassuria

Remarks

Stands 3 to 6 feet water
Stands 10 to 15 feet water 
Stands 8 to 18 feet water 
Stands 2 to 6 feet water 
Stands 2 to 6 feet water 
Stands 2 to 6 feet water
Grown under deepwater conditions
Stands 6 feet of water

Stands 3 to 6 feet water 
Stands 3 to 6 feet water
Stands 6 to 8 feet water
Stands 10 to 15 feet water 
Stands 6 to 8 feet water

FR13a, FR43b, Madlmkar, Cliakia

ct&it vanctico 
59, PLA A, Ptb 15, Co

yields of 2.5-3.0 t/ha. Although such yields may not be 
spectacular, an average increase of 0.5 t/ha over large areas 
may have substantial impact in the farmers' fields. Another 
variety from Mai.ivsia, Muhsuri, derived frora the cross Mayang 
Ebos 80/Taiclui 65//May:mg Ebos 80, lias become popular with the 
cultivators in Andlira Pradesh, T;imil Nadu, Bih.ir, and ot'ner 
areas during ki:ar:.f because of ;i moderate nonlocK;in^ habit 
and good grain quality. Pnnkaj, a sister selection of IR5, 
and Jagannath, a short-statured mutant from T141, are two 
other varieties adopted by farmers in Andhra Pradesh, West 
Bengal, Orissa, and Bihar. They are the only improved types 
found suitable for use in 5-30 cm of standing water. At present, 
most of the area is covered by a large number of local types.

WORK IN PROGRESS TO BREED VARIETIES 
FOR WATERLOGGED AREAS

Several popular rice varieties ws.re tested at different water 
depth situations in Chinsurah. The results show that Achra 
108/1, CNL214, and CNL231 are suitable for shallow, intermediate, 
and semideep water. Patnai 23, Tilakkaclinri, Kumargore, CNL270, 
and NC1281 are suitable for shallow and intermediate water 
depths. Pankaj, CNL312, NC678, OC1393, IR442-2-58, Kalma, and 
Raghusail are suitable only for shallow depths. CNL180, 
CNL31, Chakia-59, and Jalmagna are moderately adapted to 
semideep lowlands. Nain Sagui and HTA 14 had high seedling 
survival under submergence.

At the Agricultural Research Station, Maruteru, work was 
initiated in 1968 to bread late-duration dwarf varieties for
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cultivation during kharif. Promising lines were obtained from 
SL013/IR8 and Mahsuri/Vijaya.

At the Central Rice Research Institute several highly 
productive, photoperiod-sensitive, nonlodging, medium-tall 
lines were developed from Par.kaj/Jagannath, Pankaj/Kada, 
CR70/Pankaj, and a Jagannath natural cross (CR1000 series). 
With average management and minimum plant protection, the new 
lines gave yields ranging from 4 to 5 t/ha. Several promising 
lines were also developed from CR1014/Ratna, MTU3/Pankaj, 
NCl2Sl/Pankaj, Jagannath/Ghana 345, CR1014/Jagannath, 
Waikoku/CR1014, and dwarf extract 360 (Boak/T141//T141). They 
are in advanced stages of testing.

In All India Coordinated trials, late-duration photoperiod- 
sensitive varieties are being tester1 in UVT 5 and PVT 4 trials. 
Several promising lines that are better than the traditional 
tall varieties have been identified. A start has been made 
to breed varieties with different photoperiod sensitivities 
to suit low-lying areas.

About 2 million ha of Land in the coastal region of the 
country are saline because ol seawater, and the crop yields 
are generally poor. A few varieties have been identified as 
relatively salinity tolerant, e.g. Getu, Dasal, Mill8, Pokkali, 
and Hamilton, "ore of the photoperiod-sensitive long-duration 
varieties with salt tolerance are required.

FUTURE OUTLOOK. AND ACTION PROGRAM 

Future research should consider these needs:

• The geroplasn; collection should be searched for donors 
for photosynthetic efficiency under low light intensity.

• An international testing program ol selected photoperiod- 
sensitive varieti'.-H that have resistance to major 
pests like leafhopper, gall midge, and stun-, borer is 
nreded.

« A large number of crosses are needed for testing of
ear.: y generation breeding material at selected locations. 
Information on them should be exchanged.

The following are suggestions for breeding procedures:

• Most of the dwarf segregants in the crosses involving 
late-early parents are photoperiod sensitive. There is 
not much choice in making effective selections for plant
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height in the tail-dwarf crosses. Jagannath, Pankaj, 
and Boak derivatives are found to be usefuL donors 
for greater flexibility in plant height range and 
photoperiod sensitivity.

Segregating material should be grown only in the 
monsoon, and selections should be done only for specific 
cultural practices and waterlogged conditions.
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E. S. SUR YA1NA, IBRAHIM MANWAN, and SUTJIPTO PARTOHARDJONO

In Indonesia, comparison of estimated water requirements for 
vetland rice and rainfall received suggests that supplemental 
irrigation is not necessary in many seasons. Total yearly 
rainfall varies between 700 and 7,000 mm, and permits at least 
one crop of rainfed lowland rice a year in many parts of the 
country. The arrival, duration, distribution, and intensity of 
the rainfall from a monsoon system greatly affect rice production.

Areas with 5 to 9 consecutive wet months and rainfall of 100 
to 200 mm/month during the rest of the year, or with a second 
minor rainfall peak, are well suited to both rice production and 
year-round rice-based cropping systems.

Supplemental water is needed only in certain years to ensure 
timely land preparation and planting when the onset of rains is 
delayed. When rains are late, direct seeding into bunded rainfed 
lowland paddies contributes greatly to production. Where water is 
available, farmers prepare terraced or bunded fields to trap it.

Nitrogen and phosphorus in Indonesian soils are generally 
insufficient, but potash is usually not a limiting factor. 
Consequently, under intensive management, especially with the 
use of high yielding varieties, good crop response is obtained 
from a complete fertilizer (NPK). Fertiliser use in Indonesia 
increased 70/=' between 1972 and 1973, with, about 60% of the total 
used for rice. The common fertilizer tecomiiendation for rice is 
90 kg N and 45 kg P 20_/ha.

LAt'D SUITABILITY CLASSES FOR RAINFED LOWLAND RICE

The areas for future expansion of irrigated rice and even for 
rainfed lowland rice are limited. Tidal swamps have received 
considerable attention as areas for expansion of rainfed lowland 
rice production. There are an estimated 18 million ha of 
swampland in Sumatra and 19 million ha in Kalimantan. Several 
development schemes have been proposed, but there are two main 
problems. First, it is difficult and expensive to effectively 
control water during the rainy season. Suitable deepwater rice

Agronomist at Bogor, head at Maros. and agronomist at Bogor, Central Research Institute for 
Agriculture.
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varieties will contribute much to the development of rice 
production in those areas. Second, it is difficult to provide 
a high enough water table during the dry season to prevent 
aerobic decompos ition of the organic matter and development 
of acid sulfate.

Knowledge of present land use, including the site for and 
distribution of each kind of use, is important to overall planning. 
It can serve as basis for expansion of desirable practices 
into areas with similar agroclimatic and economic situations. 
Land classification systems also are useful in making the decisions 
needed for technology transfer.

Lowland rice requires areas which can be flooded or at least 
maintained in a saturated condition. Guidelines used in assigning 
the development units to suitability classes for wetland rice were 
based on a FAO report (1974) and on work by Harrop (1973). The 
main suitability classes and subclasses are described here 
together with their principal characteristics and limitations: 
s = soil limitation, x = salinity, a = acidity hazard, t = 
topography limitation, / = flooding hazard, and >n = water 
limitation. Designations x and a are included under soil 
limitation for this exercise. The intensity of the hazard 
increases according to the class to which it is attached. See 
Table 1 for distribution of classes in Indonesia.

Class P-II. Wall suited to lowland rainfed rice.

Restricting limitations in Class P-II are slight; more than 50% 
of the unit land surface is level to gently undulating and 
conditions of soil texture, permeability, and fertility are well

Table 1. Distribution of wo.tl.ind rice suitability classes in Indonesia, showing breakdown by region.

Location

Java and Ball

Sumatra

Kalimantan

Sulaveii

Nusa Tenggara

I rian Jaya

Maluku

Class
Area

(thousand 
ha)

1,783

1,009

j,480

235

83

1,859

299

P-II
X of 

region

12.2

2.2

6.5

1.4

1.2

4.4

3.8

CUBS

Area
( thousand 

ha)

3.517

5.751

7^9

1.703

106

4,870

-

p-m
: of

region

24.1

12.6

1.4

u.3

1.5

H.6

_

Class
Area

(thousand 
ha)

1,907

17,253

8,535

1,090

126

13,779

1,289

P-IV
I of 

region

13.1

37.7

16.0

(,.0

1.8

32.7

16.4

Class
Area

I thousand 
h.i)

7.405

21, 759

40,722

15,284

6,700

21,598

6,292

P-V
* of 

refiion

50.0

47.5

76.1

83.3

95.5

51.3

79.8

8,747 16,676 43.979 23.3 119,760
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suited to paddv rice production. Soils respond well to fertilizers, 
notably those containing nitrogen. There are no serious problems 
with drainage or flooding, water is usually sufficient for at 
least one crop of rice, and prospects of continual irrigation to 
support year-round cropping are often good.

.c '': ; •.' .w • -."."-".-. Excessive wetness due to flooding is a 
moderate hazard to rice cultivation in some years. Other 
conditions of soils, relief, and water supplies are favorable 
to rice growing. Where soils are very poorly drained, there 
are sone restrictions on other crops grown in rotation with 
rice. Much of the flooding arises from poorly protected 
watershed areas. Where flooding can be controlled, the land 
may be upgraded to Class II.

.".,.••":.•.• .'-."'.".. Modi-rate restrictions to wetland rice 
cultivation are imposed hv topography. On dissected plains the 
topography interferes with the distribution of water supplies 
and dependency on rice is greater. Less than 50% of the area 
is in the 0-8" slope class, and there are usually no serious 
restrictions lo other crops grown in rotation with rice.

.'",•(::..• T ;.'.' .-.'..'... Moderate restrictions imposed bv soil 
conditions are usually low fertility or unfavorable texture 
and, occasionally, restricted water supply. Without regular 
fertilizer use, poor soil fertility may restrict the range of 
crops i. rown in rotation with rice.

. :<*'<:': :.'•:• •'-.'. ... A severe flooding hazard causes frequent 
damage to rir'e crops. Poor drainage, usually associated with 
f iner-texturc-il soils of this unit, seriously limits the range 
of other crops that might be grown in rotation with rice. 
Large-scale drainage ana water control schemes are required 
to improve conditions for rice or other crops to be grown in 
a rotation.

.-':<.'....•.'..'.•." •'-;','. An undulating to rolling terrain seriously 
restricts the use of these units for wetland rice. Great 
effort is required to construct terraces, and problems with 
water supply distribution are usually beyond the scope of 
farmers. Less than 302 of the un i i. has slopes in the 0-8% 
class.

Subclass P-f'.'._. Wetland rice cultivation is severely restricted 
by poor soi 1 'conditions, usually extreme acidity and low
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fertility or IT.,.Jerately rapid permeability. Soils may be 
difficult to puddle because of unfavorable texture. Poor 
fertility may be difficult and costly to correct.

Class P-V. Land generally unsuitable for loaland rice.

Less than 10% of these units have areas of 0-8% slope; the 
remainder is dominated by steep slopes. Any rice cultivation must 
be confined to small narrow valleys representing less than 5% of 
the total area for many units.

• Subclass P-VS . These land units are generally considered 
unsuitable for wetland rice because of low fertility, coarse 
textures, or shallow soils.

• Subclass P-VQ . This includes land on which soils are unsuitable 
for rice because of extreme acidity arising from oxidation of 
pyrites.

The present estimate of cultivable land resources in Indonesia 
is 65,350,000 ha, representing 34% of the total land area (Table 2). 
Appreciable amounts of this land either are of moderately low 
capability or occur in relatively inaccessible parts of hilly or 
mountainous country, or both. About 18,000,000 ha presently 
under some form of forest are suitable for cultivation. The 
choice of forest areas to be released for cultivation requires 
consideration of the quality of land made available and the 
system of farming that will be most feasible. Forested land 
suitable for cultivation should be identified at an early date.

DIRECT-SEEDED RAINFED LOWLAND

About 1.6 million ha of low-lying areas in Indonesia do not have 
enough rainfall to allow soil puddling for lowland rice. But 
those areas, along the northern coast of Java and also in the

Table 2. Estitutes of cultivable land in Indonesia.

.... . . . Cultivable land area „Phy.iogr.phic region_______(thou.and ha)_____________*__

Lowlind plains 47.957 24.8
Upland plains 2,675 1.4
Hilly land 7,800 4.1
Mountainous land 6,918 3.7

Total 65,350 34.0

_
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outer islands, are often flooded with 50 cm or more of standing 
water. Farmers hesitate to grow transplanted rice because the 
plants would still be small at the time of flooding. This 
problem may be solved by planting direct-seeded (gogo ranaah) 
rice. The rice seeds are broadcast either just before the rains 
come, whenever the soil moisture is adequate for germination.

Gogo i\v.scJ: is also practiced in certain areas in Indonesia 
where light tillage is done during the dry season. The rice is 
direct-seeded at the beginning of the rainy season or a few days 
before its start. The rice grows as a dryland crop in the first 
weeks. As soon ns water is adequate the field is submerged, but 
without puddling. The amount and depth of water depend entirely 
on the rainfall.

The direct-seeding system offers a chance to increase 
cropping intensity in rainfed lowland rice areas. Rice is seeded 
at the beginning of the rainy season and the crop is usually 
intercropped with early maturing corn. The corn may be harvested 
as either mature grain or green ears. If peak rainfall comes tod 
early, the farmers typically use the cornstalks as cattle feed 
and the young ears as vegetable.

:7oj7c >'a>:-?.3': is versatile: the r.rop can be submerged if enough 
rain comes, or it may remain as dryland crop if rainfall is not 
adequate. The system is also practiced in irrigated paddy fields 
that characteristically receive water late in the season, which 
permits one more crop of transplanted rice to be grown after the 
•icqo ranex'i crop is harvested. If a second rice crop is not 
grown a dryland crop like soybean, sorghum, cowpea, mung bean, 
watermelon, or onion is planted as a dry season crop.

High yields can be obtained with suitable high yielding 
varieties and the jo^o ranaah system (Table 3). Yields of rice 
and corn from an intercrop combination are in Table 4.

Current research seeks rice varieties that are well suited 
to gogo rar.,: ;'n. One objective is to determine the varieties that 
are suitable for goyo ranvah, respond well to fertilizer 
(especially N), and tolerate major pests and diseases in the 
region. It appears that 1R26 and IR34 are suited to gogo ranaah, 
Other promising lines were susceptible to the brown planthopper. 
One of the most important aspects for gogoranaah rice is stand 
establishment. Table 5 shows that a row spacing of 25 cm with a 
seeding rate of 80 kg/lv- g?ve good yields for IR26 and C4-63. A 
major problem ccacerna tr.pdressing of nitrogen fertilizer. 
Because 'the soil is not puddled, the fertilizer cannot be easily 
worked into the mud. For this situation slow-release fertilizers 
such as sulfur-coated urea (SCU) may be useful. In a study that
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Table 3. Maturity and yield of six rice varieties grown as gogo 
rancah. Cropping systems research, Indramayu, 1976-77 wet season.

Variety Maturity (days) Yield (t/ha)

1R26
IR28
IR30
C4-63-Cb
IR34
Felita I/I

125
168
113
123
136
139

6.3
5.4
5.4
3.8
5.1
3.3

Table 4. field of gogo rancah rice (IR26) and corn (Genjah 
Madura) grown as intercrops. Cropping systems research, Indratnayu, 
1976-77 wet season.

Crop Yield
Rice (t/ha) ____Corn (ears)

Rice (solid) 
Rice + corn

5.6 
5.3 40,000^

^About 1 t dry grain.

Table 5. Effects of level of nitrogen and spacing on yield of 
IR26, C4-63, and a local variety grown as gogo rancah (seeding 
rate 80 kg/ha), 1976-77 wet season, Ngale, East Java.

Amount of N 
(kg/ha)

0

45

90

Plant spacing 
(cm)

25
25
25

25
25
25

25
25
25

X
X
X

X
X
X

X
X
X

25
15
in rows

25
15
in rows

25
15
in rows

Yield (t/ha)
1R26

1
2
2

2
3
4

3
3
4

.7

.3

.4

.4

.4

.4

.6

.8

.4

C4-63

1.7
1.6
2.6

1.9
2.5
3.2

3.2
3.3
3.1

Trembesi

8
10

1

1
1
0

1
1
1

.3

.2

.5

.0

.1

.9

.2

.0

.4

compared one basal application of SCU with urea applied in three 
split applications, yields from the SCU- and urea-treated plots 
were comparable (Table 6). This indicates that, in addition to 
being equally effective, SCU can reduce the labor requirement.
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Table 6. The effects of urea and sulfur-cuatt-d urea (SCU) ;it 
different levels of application on yields of IR26, Salop Hor.ih, 
and Tretnbesi. Indranuyu, West Java, and Ngalt, Hast Java, 
1976-77 vet season.

Amount ( ,. ,, , . Yield (t/ha)

rcc ' ' 1Kb Ha lap Merah IR26 Trenbesi

0
30
30
60
60
90
90
120
120

(chi
(urt

ck) 2.9
a) 3.3

(SCU) 3.4
(urea) 3.8
(SO/) 3.6
(urea) 3.9
(SCI

.5 3.1 1.3

.3 4.1 1.5

.6 3.9 1.7

.5 4.8 1.4

.7 4.3 1.6

.8 5.5 1.8
) 4.1 3.1 4.7 1.9

(urea) 4.4
(SCO 4.3 <

.1 6.0 2.9

.8 5.1 1.8

Gogo rancah'rice planted at the early part of the rainy 
season leaves time for growing a second crop of transplanted rice 
plus one nonrice crop. This is true for the Indramayu area where 
water from irrigation and rain is available for 5 months. The 
system gives higher production when lowland rice is not the first 
crop: lowland rice as the first crop does not permit enough time 
to get a third crop.

RICF. CULTURE

h'ali-k ,;er(vri is a management system typically used to grow a 
second rice crop in Java. Land is prepared by spreading the 
previous crop's straw over the field while the soil is still wet. 
After the straw is worked slightly into the soil, by hoe or by 
foot, a second crop is transplanted. To facilitate the method, 
the rice field is kept slightly flooded until harvest of tlie first 
crop.

Valik .ierwri is useful in shortening the time period between 
crops. The method increases the probability of getting water for 
the second crop, either from remaining rainfall or from irrigation 
water.

Because walik ''erorti rice is planted without land preparation, 
the nursery is prepared outside the field. Other practices, such 
as transplanting, spacing, fertilizing, and controlling pests do 
lot change.

Cropping systems research in the Indramayu area found that 
ordinary lowland rice varieties such as Pelita I/I, CR-63, IR26,
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IR28, and IR30 yielded as well (2.5-3.0 t/ha) as walik jerami 
rice. By using early maturing rice varieties, the prospects of 
walik jerami become better.
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FAO (Food and Agriculture Organization). 1974. A land capability 
appraisal. United Nations Development Programme. Food and 
Agriculture Organization of the United Nations AGL/INS/72/011.

Harrop, J.F. 1973. Land capability appraisal Indonesia. Design 
and evaluation of land development units for Indonesia. FAO. 
Bogor, Indonesia.



Rainfed lowland rice in the Philippines

T. S. EUGENIO

A large part of the Philippines' rice crop depends on rain 
brought by the monsoon. Of the total rice area, about 577. is 
rainfed lowland, only about 43% is irrigated lowland. The 
rainfed areas include some unbunded upland fields planted to 
rice at the start of the monsoon, but yields are negligible 
because of the uncertainty of weather for favorable crop growth.

By the mid-1970s an estimated 80% and 70% of rainfed 
lowland rice areas were growing high yielding modern varieties.

The distribution of the Philippine rice crop by type of 
culture and production is shown in Table 1. The national 
average yield is 1.96 t/ha. Rice is grown in almost all regions 
of the country. The estimated area and production of the four 
major rice regions are in Table 2.

CHARACTERISTICS OF RAINFED LOWLAND VARIETIES

The varieties usually grown as rainfed lowland are characterized 
as follows:

• Early maturing - 95 to 110 days from sowing. A variety 
should mature ir. 95 to 110 days if transplanted, and earlier if 
direct-seeded.

• Vegetative vigor - vigorous growth and tiller production 
during early stage of growth

• Plant height - short to medium short, ranging from 75 cm 
to slightly more than 100 cm at maturity 

Straw - stiff and nonlodging 
Plant type - erect tillers and leaves 
Resistant to major pests and diseases 
Dark green color and responsive to fertilizer 
Tolerant of drought

Cultural practices recommended for rainfed lowland rice are 
summarized in Appendix A.

Rice rnearch and training director, Maligaya Rice Research and Training Center, Bureau of 
Plant Induitry, Nueva Ecija, Philippines.
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Table 1. Type of culture, area, and yield of the fhlllpplnc 
rice crop, 1976.

Culture

Irrigated lowland
Wet season 981,000
Dry season 514,000

Ralnfed- lowland
Upland (unbonded)

Area (ha)

1,494,590

1,694,660
390,050

Yield (t/ha)

2.25
2.16
3.51
1.34
0.87

Total 3,579,320

Table 2. Area and yield of four major rice-producing regions 
in the Philippines, 1976.

Region Area (ha) Yield (t/ha)

Central Luzon
Southern Lucon
Heitern Viaayaa
Cagayon Valley

486,780
455,640
454,510
410,380

2.20
1.73
1.67
1.70

CROPPING PATTERNS FOR RAINFED LOWLANDS

A main problem of the rainfed Lowland rice farmer is maximum use 
of his land. Direct seeding projects in the provinces of Bulacan 
and Nueva Ecija have shown that it is feasible to have a second 
rice crop and that there are distinct advantages in planting 
promising early maturing selections under rainfed conditions.

• The harvesting period coincides with a period of high 
rice prices. The farmer has rice to harvest when the national 
stock starts to dwindle.

• Thr^ farmer can plant a second crop on the same piece of 
land wherJ only one was planted before. Fertility can be 
increased by using legume crops -- mongo, soybean, tapilan, 
beans, cowpea, etc.

• Farm family income increases.
• Weed problem of future crops is reduced.

Crops like mongo, cowpea, sorghum, tomato, and other 
vegetable crops are usually planted after an early crop of 
direct-seeded rice, depending, however, on market, storage 
facilities, soil conditions, etc.
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PRESENT STATUS AND PRIORITIES OF RAINFED 
LOWLAND RICE RESEARCH

There is a big gap between the rice yield on the experiment 
station (6.5 t/ha) and the national average yield (1.6 t/ha) . 
This situation has existed for some time. In the latest research 
review congress conducted by the Philippine Council for 
Agriculture and Resources Research (PCARR), the priority research 
areas for rainfed lowland rice, classified according to discipline 
in descending order, were established. They are outlined in 
Appendix B.

At the moment there are no high yielding varieties selected 
mainly for rainfed areas in the different regions of the country. 
Tests of rainfed rice have not been extensive and the Philippine 
Seed Board has net recommended varieties specific for rainfed 
areas. The development and testing, therefore, of high yielding 
varieties adapted under such conditions are of highest priority.

The second priority is the determination of the appropriate 
cultural management for rainfed rice where protective research 
(pest, disease, and weed control) is considered.

The development of a package of rice-based cropping systems 
technology for maximum utilization of the land in each location 
is top priority. It is followed by problems of soil fertility 
and plant nutrition and land preparation and tillage. The 
production of quality seeds for tanner use is also of prime 
importance.

Processing and utilization are important in at least four regions 
where facilities and raw materials are available. It includes 
evaluation of existing farm tools and equipment.

The wastage of grain at harvest is a problem of rainfed rice 
because in most areas of the country harvesting coincides with 
the rainy season. Under that situation, drying and subsequent 
storage on the farm level become priority research,

Economics and mvi-katini 

The cost and return analysis, market price, structure and
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commodity flow problems in financing and farm organizations 
should be carefully studied in the various regions.

Sociology and extension

Sociology and extension research includes the adaptation of new 
technology, problems in extension strategies, and rural sociology.

Appendix A

CULTURAL PRACTICES FOR RAINFED LOWLAND RICE 

1. Field preparation 

a. Seedbed

1) Dry-bed method Qjakal). Prepared in mid-June by 
plowing the field dry. The beds are located where water is 
available to growing seedlings.

2) Ordinary wet-bed method (palusot) . Prepared in mid- 
June by plowing the field and harrowing two to three times. 
The field is puddled and pregerminated seeds are sown.

b. Main field

1) ' Puddled. In most places the main field is plowed 
in July when there is enough water in the paddies (75 to 100 mm 
of rainfall) to allow plowing and subsequent puddling of the 
soil.

2) Dry condition (direct-seeded). The field is prepared 
4 to 6 months before sowing by rotovating 7.5-10 cm deep, or 
plowing 7.5-15 cm deep, and harrowing it while the soil is still 
moist. Early land preparation helps control weeds that spread 
from rhizomes or stem cuttings, and which cannot be controlled 
by preemergence herbicides.

Loam or silt-loam soils are prepared dry 2 months before 
planting and a light harrowing is done a number of times to 

i kill germinating weeds and keep the surface soil loose. Two 
days before the seeds are sown, the field is thoroughly 
harrowed and leveled.

2. Seed requirement (80% germination)

The germination, test of the seed stock is done 7 days 
before the seeds are sown.
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a. Puddled
1) Ordinary dry-bed method - 60 kg/ha
2) Ordinary wet-bed method - 44 kg/ha

b. Direct-seeded
1) Broadcast methods

a) Dry-method - 70-80 kg/ha
b) Wet-puddled soil - 70-80 kg/ha

2) Drill methods
a) Six-row seeder (IRRI) - 80-90 kg/ha
b) Scope seeder (VALREY) - 50-60 kg/ha

3. Sowing methods for uet and dry conditions

a. Seedbed (puddled). In the ordinary dry bed (bakal) 
method the soil is prepared dry and the seeds are sown in 
furrows when there is enough moisture in the soil.

In the ordinary wet-bed (palusot) method the field is 
puddled and the seeds are pregerminated before broadcast.

b. Main field

1) Dry condition or broadcast - The field is prepared dry 
and the seeds in some cases are sown before the rain starts in 
May. Furrows are prepared by a native furrower (lithao) and 
the seeds are broadcast over the field. A native harrow is passed 
lightly along the furrows after broadcasting to put the seeds 
into the furrows and at the same time cover them.

2) Wet condition

s) Broadcast method. Fertilizer is broadcast as a 
basal treatment at the rate of 60-30-30 (NPK) and incorporated 
using the lowland harrow before the pregerminated seeds are 
broadcast on the field.

b) Drill method planting. With the IRRI seeder the 
fertilizer is broadcast before final harrowing and leveling, 
after which the seeds are drilled. With the scope seeder, the 
presence of a fertilizer hopper allows the fertilizer to be 
applied simultaneously with the pregerminated seeds.

4. Weed control

a. Puddled conditions. For transplanted seedlings the 
herbicide is broadcast 4-5 days after transplanting.

For broadcast or direct-seeded seedlings, the herbicide is 
sprayed 2-3 days after sowing.
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5. Topdressing fertilizer

For direct-seeded rice nitrogen is applied in the paddy 
water or on moist soil 10-20 days after emergence, nnd again 
30-40 days after emergence. For transplanted rice at least 
20 kg N is applied one week before panicle initiation, or 
earlier, depending on the vigor of the plants.
6. Care and maintenance

The fields are observed for insects that may carry virus or 
other diseases. Hand weeding is as necessary, 20-25 days after 
sowing.

?. Draining the field

Field draining starts 5 to 15 days before harvest.

Appendix B

PRIORITY RESEARCH AREAS FOR 
RAINFED LOWLAND RICE

I. Varietal improvement
1.1 Exploration, identification, and introduction of cultivars
1.2 Hybridization

1.2.1 Yield and quality
1.2.2 Pest and disease resistance
1.2.3 Problem areas

II. Cultural management
2.1 Protective research

2.1.1 Pest control
2.1.2 Disease control
2.1.3 Weed control
2.1.4 Biological control
2.1.5 Residue analysis

2.2 Cropping aspects
2.3 Soil fertility and plant nutrition
2.4 Water management
2.5 Land preparation and tillage
2.6 Seed production and technology
2.7 Harvesting methods

III. Processing and utilization
3.1 Evaluation^ design, development of farm tools and 

equipment
3.2 Postharvest handling and storage
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3.3 Product and by-product development

IV. Economics and marketing
4.1 Cost and return analysis
4.2 Market price and structure and commodity flow
4.3 Financial scheme
4.4 Farm organization

V. Sociology and extension
5.1 Adoption of new technology
5.2 Extension problems and strategies
5.3 Rural Sociology



Rainfed lowland rice in Thailand

BORIBOON SOMRITH and SERMSAK AWAKUL

Thailand hr-s about 51.8 million ha of land area and about 8.4 
million ha arc in rice. About 1.9 million ha of the rice land 
is irrigated and the rest (77%) is nonirrigated or rainfed. Of 
the rainfed rice, about 0.09 million ha is upland, 5.87 million 
ha lowland, and 0.51 million ha deepwater. The irrigated areas 
are in the northern region and in the central plains where 
double-cropping of rice is also practiced. The major rainfed 
lowland area is in northeastern Thailand and the deepwater areas 
are in the central plains.

All irrigated rice lands are planted to modern high 
yielding varieties, tost of the rainfed lowland and deepwater 
areas are planted to improved traditional or local photoperiod- 
sensitive varieties.

RAINFED RICE CULTURE 

Upland rice

Upland rice grown in unbunded rainfed fields is generally grown 
in hilly areas of the north, northeast, and south Thailand. In 
those areas, shifting cultivation of rice is practiced on newly 
opened land. Planting is by dibbling in. dry soil.

In the southern region, upland rice is. grown as an 
intercrop with young rubber trees and as a sole crop in some 
hilly areas. The estimated area of upland rice thus does not 
exceed 0.1 million ha, "rid yields average 1 t/ha.

Planting, is usually in July or August; only nongiutinous 
types with medium to late maturity are grown.

For north and northeast Thailand, the cropping season for 
upland rice usually starts in April or May, earlier than for 
transplanted lowland rice. The upland varieties are mostly 
early maturing and well adapted to local conditions. Both 
glutinous and nongiutinous types are grown. Harvest is usually 
in September and October.

Rice breeder. Ktionkaon Rice Experiment Station, and deputy director. Rim Division. 
Department of Agriculture, Bangkok, Thailand.
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Deepwater r-ice

Deepwater, or floating rice, is grown in areas with water depths 
of 1-3 m. Most deepwater areas are in the central part of 
Thailand. The area is essentially planted to floating or 
semifloating varieties. Two varieties, Leb Mue Nahng 111 and 
Pin Gaew 56, are widely accepted. Floating rice is usually 
broadcast-seeded in late April or early May after the first few 
monsoonal rains. The crop SLOWS as the rains increase in 
intensity and frequency, and elongates with the gradual increase 
in water level. Harvest is in January or February after the 
water recedes. Yield of deepwater rice is about 2 t/ha.

Rainfed Zealand rice

Rainfed lowland rice on bunded fields occupies a large portion 
of the rice area. It is grown on about 3.7 million ha of 
northeastern Thailand. It is estimated that an additional 1.05, 
0.90 and 0.55 million ha of rainfed bunded rice land are in the 
north, central, and south of Thailand, respectively. The 
classification of estimated areas under different types of rice 
culture in each geographical region is in Table 1.

RAINFED LOWLAND RICE CLIMATE

In the rainfed lowland area rainfall is the most ess ntial factor 
for a good crop season. Mean annual rainfall ranges from 775 ran 
at Chachoengsao in the central plains to more than 3,000 mm at 
Ranong in the south. However, differences in amount, and 
monthly fluctuation, of rain are frequently observed in the 
northeast region.

In north, northeast,and central Thailand the rainy season 
is from May to October. In the north and northeast regions a 
sharp decline in rainfall occurs in November; the heaviest rains 
are in August and September. In the central plains, the 
decrease of rainfall in November is not as abrupt and the 
heaviest rains are in August, September, and part of October. 
In the southern region the heaviest rains are in October, 
November, and December. The monthly rainfall means for 1968-76 
in selected provinces are shown in Table 2.

In terms of temperature, Thailand roughly divides into two 
regions, upper, and lower Thailand. Upper Thailand incudes the 
north, northeast,and the central plains lying between latitudes 
13°-21° N and has a long period of hot weather because of its 
inland nature and tropical latitudes. The coastal regions where 
sea breezes of moderate strength have some influence are the 
exception. Maximum temperatures generally range from 33 to
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Table 1. Estimated areas uuder different types of rice culture in Thailand.

Rice area (million ha)
Rice culture

Upland
Decpuater
Irrigated
Rainfed lowland (bunded)

Shallow rainfed (5-15 cm)
Intermediate rain£cd (16-49 on)
Scmidecp ralnfed (50-100 cm)

Total

North

0.05
nil
0.60

0.60
0.40
0.05

1.70

Northeast

0.02
0.01
0.28

3.00
0.30
0.07

3.68

Central

nil
0.50
1.00

nil
0 ..<
0.36

2.40

South

0.02
nil
0.05

nil
0.50
0.05

0.62

Total

0.09
0.51
1.93

3.60
1.74
0.53

8.40

Table 2. Mean monthly rainfall from 1968 to 1976 at se Ice Led provinces in four geographical 
regions, Ihai land.

ninthly rainfall (ran)
Province

North
Chlengrai
Chlengmai
Nan
Uttaradit
Lampang

Northeast
Surln
Karat
Uban
Roi Et
Udonthani

Central
Chachoengsao
Nakom Sawan
Lopburi
Bangkok
Nakorn Fathom
AranyapratheL

Hay

229
179
182
222
160

132
133
181
181
200

102
156
137
200
113
120

June

259
146
175
257
132

159
137
270
21.'
141

71
124
141
126 '
110
178

July

292
169
219
193
151

168
116
327
220
230

80
129
145
134
110
206

August

451
300
249
274
226

178
105
348
264
311

150
207
193
184
149
208

September

262
220
148
240
235

290
269
278
256
300

163
194
275
332
187
266

October

128
113
98

135
128

140
118

59
102

89

135
136
141
220
169
185

November

41
47
13
26
40

24
37
33
16

9

74
21
33
54
47
63

Monthly rainfall (ran)
Province

South
Hua llln
Chumporn
Suratthanl
Songkhla
Narathlvat
Petchaburl

June

91
176
141
98
127
77

July

80
164
156
93
135
95

August

90
196
142
100
111
117

Sepcenber

155
134
155
122
226
117

October

219
272
160
300
268
248

November

309
444
349
773
711
103

December

40
151
145
471
522
43

January

58
128
79
88
124
29

February

13
56
11
25
43
9
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38°C. During April, the hottest month, the maximum temperature 
often reaches much higher values. It went to 43.7°C at 
Nakorn Sawan in 1941; and to 44.5°C at Uttaradit and 43.9°C at 
Udonthani in 1960,

During the northeast monsoon, temperatures over upper 
Thailand are much milder. The period November to February has 
maximum temperatures of about 31°C and minimum of about 15°C . 
Occasional inflows of cold air from China reduce temperatures 
to fairly low levels in the north and northeastern parts. 
Records show minimum temperatures of 0.1°C at Loei, 1.8°C at 
Nakorn Panom, and 2.5°C at Udonthani in January 1955.

In southern Thailand, temperatures are generally mild 
throughout the year. This region is exposed to maritime air in 
all seasons. The average daily range of temperatures is about 
10°C with an average maximum temperature about 31.6°C and 
minimum 23°C (Meteorological Department 1968) .

TOPOGRAPHY AND RICE VARIETIES

North

In the northern region, rice is grown in valleys that have a 
slight grade. Many fields are provided with irrigation from 
rivers and small streams. High rice yields are usual in the 
Chiengmai Valley, which is a double-cropping zone with relatively 
good soils. Almost all rice fields in the Chiengmai Valley are 
irrigated by government or traditional systems.

The rainfed lowland rice area is estimated at 0.60 million 
ha. People in the region consume both glutinous and nonglutinous 
rices. For the glutinous varieties, most areas are planted to 
Siaw Sanpatawng and Gam Pai 15. Among the nonglutinous rices, 
the recommended varieties Khao Dawk Mali 105 and Leuang Yai 148, 
and a Chiengrai favorite variety, Hawm Mae Jan, are widely grown.

\tJortheast

The topography of the northeastern region is generally undulating 
and slopes from the Korat Ikjimtain range at the western border 
to the Mekong River on the east. Although the annual rainfall 
in the northeast is not much less than that of the central plains, 
the region is distinguished by:

• erratic rainfall, which results in drought spell(s) during 
the cropping season; temperature extremes are vastly 
different between the dry and wet seasons;
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  very low soil fertility; particularly in Korat fine sandy loam, 
series which covers a large portion of this region;

  high rates of soil erosion that usually occurs during the 
rainy season because of the degree of sloping; and

t» extensive accumulations of salt on the surface soil in many 
areas due to severe evaporation during the dry season and 
drought periods in the wet season.

The region has numerous water reservoirs, but most are 
shallow and allow excessive evaporation and seepage losses. 
They sometimes are dry during the monsoon erratic rainfall.

During the rainy season, drainage of the northeast region's 
rice land is provided by the Lam Chi and Moon River systems, 
but sometimes, because of high-intensity rainfall, the rivers 
may flood the Tung Kula Ronghai Plain.

Like the northerners, the northeasterners consume both 
glutinous and nonglutinous rice. Glutinous varieties make up 
about 60%. Two well-known varieties in the region are Niaw 
Sanpatawng (glutinous) and Khao Dawk Mali 105 (nonglutinous).

Central plains

The central plains consist of flat to gently sloping deltas 
and terrace lands developed along the Chao Phya and Nakorn Chai 
Sri rivers and their branches. The topography and soil type 
of this area are similar to those of the northern region. Even 
though the Royal Irrigation Department's Chao Phya Project has 
improved the irrigation systems of the region, about 0.90 
million ha in the upper part of this region,aside from the 
deepwater areas, are still rainfed.

Only nonglutinous varieties are planted. Three government- 
recommended varieties, Nahng Mon S-4, Leuang Pratew 123, and 
Khao Pahk Maw 148 are popular.

South

In southern Thailand, the coastal rice lands are developed 
along many small and relatively large streams that flow into the 
Gulf of Thailand. The region has a high annual rainfall with 
more wet than dry months. Irrigation projects are still under 
expansion. Rainfed lowland rice fields cover about 88% of the 
total rice land. Nahng Phya 132 and Peuak Nam 43, two 
nonglutinous recommended rices, are relatively popular in the 
south.
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RAINFED LOWLAND RICE VARIETIES

The percentage of the government-recommended varieties planted 
in Thailand is estimated from random samples in surveys by the 
Planning Division, Department of Agriculture, during 1973 to 
1974 (Table 3, Department of Agriculture 1975). The data 
indicate that farmers in the north, northeast, and south planted 
more local than recommended varieties. Only the central region 
used more recommended than local varieties. Table 4 shows the 
important characteristics of some of the recommended varieties 
widely grown in rainfed areas of each region.

Average uicld and raddij pr^din'ttinn

Although official statistics on the average paddy yields of rice 
under different types of culture are not available, we estimate 
average yield for the country as:

Tjv3 of i>-i.c<? vulture Estimated yield (t/lia)

Upland 1.0
Irrigated (wet season) 2.5
Irrigated (dry season) 3.5
Shallow rainfed lowland 1.4 
Intermediate rainfed lowland 1.8
Semideep rainfed lowland 2.0
Deepwater 2.0

Rice production by regions (Fig. 1) indicates the 
fluctuation from year to year but the production trend has been 
an increase because of increased area planted. The trend in 
production also seems to closely follow that of annual rainfall 
(Department of Agriculture 1977), and indicates that total 
production is largely dependent on the amount of rice produced 
in the rainfed area(s).

CULTURAL PRACTICES AND CROPPING CALENDAR 
FOR RAINFED LOWLAND RICE

In Thailandj two planting methods -- broadcast and transplanting 
-- are generally used in rice cultivation. According to surveys 
during 1973-74 (Department of Agriculture 1975) more than 80% 
of the rice land in the north and 957= of the northeast practice 
transplanting in rainfed lowland fields. In the central plains, 
the two methods are used about equally because broadcasting is 
practiced in the deepwater and semideep rainfed lowland areas, 
while transplanting is confined to the intermediate rainfed and 
double-cropping areas. The broadcast method is also used r.ore 
than transplant along the eastern coast of south Thailand, but
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Table 3. Percentage of regional ralnfed lowland rice areas 
planted to government-recommended and local varieties.

Region

North
Northeast
Central
South

Rice area (X) planted to
Recommended Locnl
varieties varieties

34 66
44 56
68 32
8 92

Area surveyed
(ha)

1800
1928
1810
740

Table 4. List of reconroended rice varieties widely grown in rainfcd lowl*nd areas, Thailand.

Area/variety

North
Niow Sanpatovng
Leuang Yal 148

Northeast
Niav Sonpatovng
Khao Dawk Hall 105
Khao Falik Hau 148

Ufniral
Nahng Mon S-4
Khao rank Haw 148
Leuang Pratcw 123

South
Nahng Pliya 132
Pcuak Nani 43

FloatinR rice
Leb Muc Nalmg 111
Pin Caew 56

Harvesting 
date

26 Nov.
25 Nov.

26 Nov.
20 Nov.

3 Dec.

26 Nov.
3 Dec.

19 Dec.

16 Feb.
22 Feb.

19 Dec.
29 Dec.

Type*/

c
NG

G
NC
NC

NC
NC
NC

NG
NG

NC
NG

Kernel size (mm)
LenRth

7.2
7.8

7.3
7.6
7.6

7.7
7.6
7.4

7.6
7.2

7.0
7.4

Width

2.3
2.6

2.2
2.4
2.3

2.4
2.3
2.3

2.2
2.1

2.3
2.2

lit (cm)

150
1W,

loO
150
140

1-tU
140
150

178
166

c/
c/

Blast . 
reaction—

3,4
5

3,4
3,4
3.4

4'.4

»,5

",6

4
3

Year of 
release

1962
1968

1962
1959
1965

1956
1965
1965

1962
1968

1959
1959

£/G - glutinous; NG - nonglutinous.

*>/On international scale 1-9: 1 r resistant, 9 s susceptible.
jC/Height varies markedly with water depth.

in the western coastal area only the transplant method is 
practiced.

One rice crop per year is the major cropping pattern in the 
rainfed areas. Only limited areas are replanted after the main 
rice crop.

In central and northern Thailand, June and July are the 
best seeding months, and transplanting may start in July or 
August and continue into September. Harvest is in November or 
December.
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Annual ranfotl ( mm ) 
2000

1000

Poddy production (million ! )

\
_

A 
-.A ,/V .-•'-•

Paddy production 
of whole court ry

North '

711962 6« 66 68 TO 73

1. Annual production and rainfall for the years 1962—75.

Because of erratic and unpredictable rainfall in 
northeastern Thailand, rice seeds in rainfed areas are 
frequently sown during May and August. In years with good 
rainfall distribution, farmers will seed in May or June and 
transplant after about 1 nonth. But in years, when drought 
occurs at the start of the growing season, transplanting is 
postponed until rains are sufficient in August or September. 
In such a case, the fanners use old seedlings or, sometimes, 
prepare seedbeds a second time. Crop harvest in the northeast 
is in November and December.

In the central plains, rice is usually broadcast-seeded in 
May and the crop is ready for harvest in December or January.

Along the east coast of south Thailand, the trade winds 
from the South China Sea and the Gulf of Thailand start blowing
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in October and continue until about February. These offshore 
winds bring much rain to the windward coasts; thus, October to 
February is the main rice growing season for the eastern coast.

PRESENT STATUS OF RESEARCH IN RELATION 
TO RAINFED LOWLAND RICE

The rainfed lowland rice research program in Thailand was 
expanded by a Rainfed Rice Improvement Pioneer Project initiated 
in 1973, which concentrated primarily on the northeastern region. 
A project objective was to reduce the risk of rice farming. 
The research includes a rice breeding program at Khonkaen Rice 
Experiment Station and agronomic research under the responsibility 
of the Agronomic Improvement Branch of the Rice Division, 
Bangkok.

The main rice breeding activities are a search for both 
glutinous and nonglutL.jus varieties that have:

• wide adaptability for cultivation in rainfed lowlands 
in the northeast; and are drought resistant and salinity 
tolerant;

• photoperiod sensitivity, with different maturities to 
fit specific rainfall patterns and topography of different areas; 
also nonphotopcriod sensitivity with tall plant stature and 
short growth duration for pre- or post-monsoon cropping; and

• resistance to diseases and insects combined with 
preferable grain appearance and good cooking quality.

At present the breeding program at Khonkaen lias four major 
aspects:

1. collection, characterization and evaluation of rice 
germplasm;

2. utilization of germplnsm in the hybridization program,
handling of hybrid progenies, selection and evaluation of
advanced generation breeding lines;

3. station and farmer field trials of promising selections; 
and

4. national and international collaborative research.

The activities of agronomic improvement, both within and 
outside rice research stations, include experiments on ejects 
of planting date, age of seedlings, methods of planting, 
fertilization, weed control, and cropping systems research.
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Alternative plant types and other agronomic characteristics for 
rainfed lowland rice

.1. S. NANDA and W. R. COFFMAN

The modern semidwarf rice varieties and technology have touched 
the Lives of less than half of the world's rice farmers. 
Most of these farmers farm irrigated land, and are reasonably 
certain of an adequate and continued supply of water. Development 
of improved varieties and production technology for the 
millions of farmers who depend solely on the unpredictable 
monsoon to water their crops has not received special emphasis. 
Rainfed areas represent diverse eco logic;!! conditions ranging 
from rainfed upland to low-lying deepwater. In such areas yield 
stability is of crucial concern and a consideration of water 
excesses and deficits is imperative. There are no improved 
varieties and new technology that can significantly increase 
the current level of production in these areas. The total area 
under such rice culture in South and Southeast Asia is estimated 
to be about 57 million ha (Table 1, 2, 3).

The International Rice Breeding Symposium in 1971 focused 
the attention of rice scientists on the improvement of upland 
rice. Similarly the International Svmposium on Deepwater Rice 
held in Bangladesh in 1973 emphasized the improvement of 
deepwater rice. The Thai-IRRI Cooperative Deep Water Rice 
Research Project is an effort in this direction. Thus, it 
appears that the two extreme areas, the upland and deepwater 
portions of rainfed rice, have received attention. The 
development of improved germplasm for rainfed lowland conditions, 
however, has previously not received special emphasis. Vast 
rainfed lowland areas are still occupied by traditional varieties. 
Improved varieties that arc reasonably suitable for such 
conditions are a spillover from rice improvement programs that 
have focused mainly on irrigated situations.

CHARACTERISTICS OF RAINFED LOWLAND AREAS

The rainfed lowland rice areas are characterized by bunds that 
trap rainwater. Upland areas are distinguished from rainfed 
lowland mostly by the fact that they are unbunded. In many 
cases, the growing conditions may'be very similar. At the

Viiiting plant breeder ar a plant breeder. International Rice Research Institute, Los Bafioi, 
Philippines.
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Tible 1. World's rice area by typo of culture, 1973-75-.

Rice area (thousand ha)
Region

India
China
Other S I SE Asia
C*her develop ingil/
USA, Japan, USSR
Others

Total world

Total

38,402
34,133
45,133
10,308
4,201
5,228

137,413

Irri­ 
gated

14,917
30,718
12,129

3,936
4,144
n.a.—
n.a.

Shallow 
ra infed

12,634
2,734

15,948
581

0
n.a.
n.a .

Intermediate 
rainfed

6,080
0

6,791
995

0
n.a.
n.a.

Deepwafir

2,362
0

4,634
0
0

n.a.
n.a.

Upland

2,402
681

5,875
4,796

57
n.a.
n.a.

— Korea R., Korea D. I1 . R., Iran, Afghanistan, all Africa, all Latin America.
b
"~ Hot available.

Table 2. Proportion (X) of rice area of various regions by type of culture.

Rice area (Z)
Region 

Total-

India 28
Other S 4 SE Asia 33
China 25
Other developing 8
USA, Japan, USSR 3 

Total classified"- 96

Irri­ 
gated

39
27
90
38
98 
51

Shallow 
rainfed

33
35

8
6
0 

24

Internediilte 
rainft>d

16
15

0
10

0 
10

Deepwater

6
10
0
0
0 
5

Upland

6
13

2
46

2 
10

— Refers to X of world's total area; I in other columns refers to I of region in 
specified culture.

— Refers to 96Z of total world area classified in Table 1.

opposite end of the spectrum, deepvrater areas are distinguished 
from rainfed lowland also by the absence of bunds.

Rainffid lowland rice may be subject to drought, and flood 
control may be inadequate. The crop may also be subject to 
intermittent submergence at different growth stages of the 
plant. Water depth in lowland rice fields is usually not a 
static factor. It depends on the total rainfall, its distribution 
pattern, topography, and soil texture.

Variable hydrological, climatic, and edaphic factors make 
a specific definition of the rainfed lowland rice-growing system 
very difficult. However, the following major factors must be 
considered in characterizing the rainfed lowland rice area:

A. Rainfall

1. Total rainfall
2. Distribution pattern
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Table 3, Allocation of gross rice area in major producing countries to 5 types of rice culture, 
1973-75 av.

Rife area (thousand ha)
Count ry

India
Bangladesh
Indonesia
Thailand
Burma
Phil ippines
Vietnam (former S)
Vietnan (foraer N)
Pakistan
Nepal
Sri tanlca
Laos
W. Malaysia
Sarawak
Sabah

Total, S 5 SE Asia

C-.hff ".';:
China
Japan
Korea, Rep.
Korea, D.P.R.
Iran
Afghanistan

Tocal, other Asia

Brazil
Malagasy
USA
USSR
Egypt-
Guinea
Ivory Coast
Colombia
Sierra Leone

Total L'pland

38,402 2,402
9,463 2.286
8,513 1,413
8,218 822
5,147 4
3,518 454
2,962 207
2,250 157
1,598 0
1,226 110

592 103
677 198
779 10
145 85

45 26

33,5)5 6,277

34.133
2,702
1,201

700
30O
210

39,246

4.336 3,
1,142
1,013

486
454
423
344
339
367

Deepwater

2
1

1

6

681
57
12

7
0
0

757

72!
177

0

0
254
306
9!

220

,362
,979
414

,734
38

0
261)
202

0
1
0
0
0
0
0

,996

Irri­
gated

14,917
1,058
3,)54
2,048

779
1,446

385
292

1,598
196
129
159
485

0
0

27,046

0
0
0
0
0
0

0

0
0
0

0
0
0
0
0

Shallow
rainfed

12,634
2,286

,677
,955
,111
,618
,659
,260

0
919
124
159
102

60
18

28,532

30,718 2,
2,645
l,09i

639
300
210

35,609 2,

556
321

1,013

454
56
13

241
49

734
0

90
52

0
0

876

0
321

0

0
56
13

0
49

InterncJiate
rainfed

6,080
2,286
1,677
1,655

201
0

444
337

0
0

32
159

0
0
0

12,871

0
0
0
0
0
0

0

556
321

0

0
56
13

0
49

Dry season
rice area

1,724
1,065
1,286

512
45

1,069
118

90
1,598
n.a.

208
n.a.

216
n.a.
n.a.

n.n.

n.a.
0
0
0
0
0

n..t.

n.a.
n.a.

1,01)

454
n.a.
n.a.
n.a.
n.a.

B. Hydrology

1. Water depth in the field with reference to the 
stage of crop growth

2. Probable period of submergence during flooding

C. Temperature

1. Temperature variation during the crop season
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D. Edaphic factors

1. Physical characteristics of the soil
2. Inherent fertility status

For a working principle, we have recognized three broad 
categories of the rainfed lowland rice area:

1. Shallow - where water depth does not exceed more than 
30 cm except during flooding; areas generally having one or more 
periods of drought.

2. Intermediate - where water depth does not exceed 60 era 
except during flooding; areas which generally have consecutive 
deficits and excess of water.

3. Medium - where the water depth does not exceed 100 cm 
in the field except during flooding; areas which generally have 
an excess of w.-iLur.

The three broad categories are recognized mainly by the 
water depth in the field during the cropping seascn. The other 
variables may be superimposed to define the growing condition. 
It is hoped that a better system of classification will be 
evolved during this conference.

BREEDING OBJECTIVES

It is not possible to precisely elaborate combinations of traits 
that would be desirable in rainfed lowland varieties. Conditions 
are far too variable among locations to allow that to be dune 
with any degree of confidence. However, in discussions with 
rice scientists from a number of countries where large areas 
are under rainfed lowland rice, some of the more important plant 
characteristics that need to be stressed were identified.

Rainfed lowland rice is primarily dependent on natural 
precipitation. Unfortunately, the monsoon is highly erratic 
in its distribution and total precipitation. Hence the crop 
is subject to water stress at different growth stages. Severe 
drought during September and November occurs once in every 5 
years in western districts of West Bengal, India. In the same 
areas, moderate drought occurs 2 out of every 5 years and excess 
rainfall in 1 out of 5 years. Farmers in rainfed lowland areas 
of northeastern Thailand raise seedbeds in May- June and transplant 
their crops in late June and early July. In July and August, 
when the crop is about 1 month old, drought stress often occurs,
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affecting from 30 to 40~ of tlic entire rice-growing a ro;i. 
During the 1977 wet season, about 3 million ha were affected by 
drought. In Burma rainfed Lowland areas often suffer from drought 
early as well as late in the season. Early drought forces the 
farmers to transplant very old seedlings (-i5-i'iO days). Late 
drought hits the crop at the ruproductive stage, substantially 
reducing the grain yield.

The improved germplasm for the rainfed shallow and 
intermediate lowland conditions should have drought resistance 
at different growth stages of the crop. For rainfed medium 
lowland conditions, 'lr aght resistance at the early vegetative 
stage would be desirable.

Flood tolerance would be a desirable characteristic for all 
rainfed lowland varieties. Ever, drought-prone northeast Thailand 
was subject to floods during the 1977 growing season. Flood is 
of common occurrence in northeast India, Bangladesh, and Burma 
a season, affecting the crop at different stages of growth. 
Flooding duration varies, and so does the water depth. After 
the flood recedes the depth of standing water in the field may 
be from 15 cm to a maximum of 1 m. There is a vast area where 
the water depth raro.lv exceeds 50 cm.

For t'ne shallow areas that appear to compose the majority 
of rainfed lowlands, submergence tolerance may be emphasised. 
Submergence tolerance and elongation ability may be desirable 
in the intermediate-depth areas where water depth increases 
liraduallv with t'ne advance of the monsoon sensor.. However, 
the elongation ability may be a disadvantage to a variety when 
flooding is earlv and of short duration; it may load to severe 
lodging. Under such a situation, emphasis may be on incorporation 
in the improved germplasrn of strong submergence tolerance and 
ability of the leaf sheath and the leaf blade to elongate. For 
medium water depths, however, improved germplasm should have 
strong internode elongation ability along with submergence 
tolerance.

The major factor determining the growth duration of varieties is 
the rainfall distribution pattern. Rainfed lowland areas require 
varieties that may flower near the end of monsoon when there is 
greatest assurance of adequate moisture, and yet can be harvested 
under dry conditions that may greatly favor j'.rain storage.

In areas where the rainfall distribution pattern is unimodal 
and of short duration as in northeast India rice varieties of
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very short growth duration would be desirable for shallow water 
depths, because soil moisture is rapidly lost soon after the 
cessation of monsoon rains. However, for intermediate water 
depths where soil moisture is not so critical, varieties with 
long growth duration will be needed. Where the rainfall 
distribution pattern is unimodal and is spread over a long period, 
the growth duration of varieties may be dependent on the cropping 
pattern, i.e. it may be short or long. For example, in Kalimantan 
the first rainfed crop from November to February has short growth 
duration, and the main crop from November to Augusr has long 
growth duration.

Where the rainfall distribution pattern is bimodal, varieties 
with long growth duration would usually be preferred.

The desirability of photoperiod sensitivity in the rainfed 
lowland rice varieties will be discussed in detail later in this 
session. However, we may point out that where the rainfall is 
erratic, seedlings may be kept in the seedbed for 50 to 70 days 
if the rains are delayed. When transplanting is delayed, 
varieties insensitive to day length start tillering in the 
seedbed and lose tillering capacity when transplanted. Thus, 
there is a drastic reduction in yield. On the other hand, 
photoperiod-sensitive varieties have a longer vegetative period 
and consequently 60- to 90-day-old seedlings continue to tiller 
after transplanting and yield better. Thus, photoperiod 
sensitivity stabilizes rice yield under suboptimum growing 
conditions.

In Burma, Indonesia, Malaysia, and India, IR5 and its sister 
lines have gained wide acceptance in the transplanted rainfed 
areas probably because of their growth duration and ability to 
produce reasonable grain yields .even if old and tall seedlings 
are used. The popularity of IR5, C4-63, and Mahsuri in many 
areas of Southeast Asia where rice is transplanted and the 
uncontrolled water level rises to more than 30 cm but less than 
60 cm indicates that those conditions require varieties with 
long growth duration (140 to 160 days) . Such varieties need not 
be strongly photoperiod sensitive. However, in areas where water 
recedes late, and for intermediate water depth, growth duration 
longer than 160 days will be needed. In this case, photoperiod 
sensitivity is required — there are no known photoperiod- 
insensitive varieties with growth durations longer than 160 days.

In areas with shallow water depth where the rainfall 
distribution is unimodal and depends on the duration of the 
monsoon, the growth duration of varieties may vary from 90 to 
140 days (photoperiod insensitive). Where the rainfall follows 
a bimodsl pattern, and in areas with intermediate water depths,
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varieties with long growth duration that are either photoperiod- 
insensitive or sensitive will be preferred. However, in areas 
with medium water depths, photoperiod-sensitive varieties will 
be preferred.

Si many cases, it would appear that varieties of specific 
duration would take greater advantage of the prevailing rainfall 
patterns in areas that have traditionally utilized photoperiod- 
sensitive varieties. In such areas, the rains often terminate 
well before the day length allows photoperiod-sensitive types 
to mature. It would probably be wise to develop both photoperiod- 
sensitive and insensitive types of different growth durations 
and see which are more satisfactory.

Low temperatures (less than 21°C) at panicle initiation and 
anthesis may result in high sterility and eventually low grain 
yield. Most rainfed lowland rices are grown from June to December. 
They flower frora October onward. In countries at high latitudes, 
like India and Bangladesh, the low temperature during October- 
November coincides with the reproductive and ripening St. ges 
of the crop. Cold tolerance at the reproductive stage in the 
improved rainfed lowland germplasm for such areas will be a 
desirable character.

Gt'a.in '.':<.;";:;<

Grain appearance and appropriate milling and cooking 
characteristics are extremely important considerations in 
developing improved varieties for rainfed lowland areas. 
Rainfed lowland rice is grown mostly for loca.! consumption and 
eating quality will play a very important role in a fanner's 
decision to adopt .. new variety. Among many desirable traits, 
grain quality ha played a major role in the popularity of 
Mahsuri in man> :ountries. Consumer preference for grain quality 
differs from country to country and even within a country from 
region to region. In northeast Thailand glutinous rice is 
preferred in one sector and nonglutinous rice is preferred in 
another. Kiaw San Pah-Tawng (a glutinous variety introduced 
in 1962) and Khao Dawk Mali 105 (a nonglutinous variety 
introduced in 1959) are still the predominant varieties in 
northeast Thailand because of their adaptability to northeast 
conditions. They have acceptable cooking and eating qualities 
for household consumption and good milling quality for which 
millers pay a small premium. In India, Burma, Bangladesh, and 
Indonesia, primarily nonglutinous rices are grown and rices with 
good cooking quality are preferred. Intermediate amylose content, 
which seems to be widely acceptable, needs to be stressed in
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generating improved germplasm for rainfed lowland rices. 
Nevertheless, low amylose and waxy endosperm must not be ignored.

SEEDLING CHARACTERISTICS

Varieties suited for direct seeding will become increasingly 
important with the design of new and more productive cropping 
systems for rainfed low?and conditions. In vast areas in 
northeastern India and Bangladesh, rice (sprouted seed) is sown 
directly on wet soil. Many traditional systems, such as aogo 
rancah in Indonesia, involve direct seeding.

The results of experiments on direct seeding conducted at 
Korat, northeast Thailand, in 1976 appeared promising. In the 
1977 season when drought was severe and prolonged, direct-seeded 
plots appeared better. The direct-seeded crop also withstood 
the flood better than the late transplanted crop because of its 
good anchorage and growth. Under certain situations direct 
seeding appears to be important. Early seedling vigor and a 
competitive growth habit in the vegetative stage are considered 
essential to direct seeding. These traits are conducive to 
good stand establishment. Vigorous growth of seedlings enables 
them to effectively compete with weeds. Considerable variation 
in seedling vigor exists in the germplasm for tall as well as 
semidwarf cultivars that may be utilized to generate improved 
germplasm for the lowland rainfed culture.

Transplanting is also widely practiced in rainfed lowland 
areas. Water depth at the time of transplanting varies 
considerably. Often transplanting is done in standing water 
20-30 cm deep. Under these situations optimum seedling height 
is important. Varieties with fast seedling growth should be 
preferred. Variability in tlii-'- trait exists. Chandina is one of 
the shortest varieties. But at transplanting its seedlings are 
taller than Biplab.

PLANT HEIGHT AND CULM CHARACTERISTICS

Opinions differ on the desirable plant height for varieties 
meant for the rainfed lowland areas. Semidwarf rice varieties 
have the greatest impact in irrigated areas where there are 
practically no physiological stresses and plant nutrients are 
available in abundance. However, in rainfed lowland situations 
rice varieties will be faced with one or more of the physiological 
stresses of drought, flood, and cold. These varieties will continue 
to be cultivated under moderate levels of fertility. For rainfed 
lowland situations varieties with intermediate height (130-140 cm) 
and sturdy culm will probably be desirable because:
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1. The traditional rainfed lowland varieties are tall and 
lodge even under moderate fertility, whereas varieties with 
intermediate height and sturdy culm should not lodge ut moderate 
fertility.

2. Moderately tall plant type with long and droopy leaves 
have been reported to be better suited to upland culture where 
drought is the major physiological stress. In rainfed lowland 
rice culture, drought is one of the major stresses and plants 
with intermediate height may do better.

3. Although more confirmatory studies on the seedling 
height and mature plant height are needed, there may be a 
positive relationship between the mature plant height and seedling 
height, and tall seedling height is a desirable character for 
the rainfed lowland culture.

4. Water depths in the rainfed lowland areas will be varied. 
They may range from 15 cm to 60 cm or more at different growth

R.linfod lowland variet.ll types.

Type Major characteristics Adaptation

1.
2 _
3.
4.
5.
6.

i.i se 7 .

3,
9.

10.
11.

12.
n.
u.

Mi-^h yield potential
Int e mediate height
Sturdy culm
Droui?,ti t res i s t «inc e
Submergence to 1 1; ranee
Hii;h tiller ins Essential or desirable
>VideratcIy long erect for all areas
leaves
Lew tiller nwrt.il if.
(V)od panicle expert ion
Lonj; panic 1 <-s
High nunhi-r n f y,ni i ns /
panicle
Atiequ;) tc i;rain dormancy
Hes is tnnce to na jor
diseases and insects
Acceptable grain
quality

1. Baso type characteristics Monorandal rainfal 1, shor
2. Photoperiod insensitivity vet season, fload prone,

(90-140 days duration) standing water usually
Type I 3. Strong seedllnR vigor never exceeds ranre than

4. Rapid vegetative 30 cm except during the
development brief period of flooding

5. Intermediate leaf angle causing submergence.

	Shallow lowland
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1.
2.

3.

Type II 4.

5.
6.

7.

Base type characteristics
Typo I characteristics
(except duration)
Photo period (sensitive
or long duration
insensitive)
Strong submergence
tol erance
Stronp, grain dormancy
Ability to tiller in
waterlogged condit ions
Adaptation to delayed
transplanting

Monowodal rainfall , lonp.
wet season, flood prone >
water depth less than
60 cm.

Intermediate lowl and

Type Major characteristics Adaptation

1. Base type characteristics
2. Photoperiod sensitivity
3. Leaf sheath and blade

elongation
Type III 4. Adaptation to delayed

transplanting
5. Erect leaves
6. Cold tolerance at

reproductive phase

Regions with bimodal
rainfall distribution
pattern and/or erratic
rainfall , delayed
planting of aged
secdl ings, drought as
well as flood prone.
water depth usually
does not exceed 60 cm
except during floods.

Intermediate lowland

1. Base type characteristics Regions where water 
Type IV 2. Type III characteristics depth exceeds 60 era but 

3. Strong internode less than 100 era,
elongation ability low-lying areas except 

during floods.

Medium lowland

stages. Where water depth is shallow to intermediate, plants 
with intermediate height may not be submerged for a long period. 
If internode elongation ability is not stressed under these 
situations, certainly intermediate plant stature would offer 
an advantage.

Besides intermediate stature combined with sturdy stems, 
erect tough leaves would also be desirable. Waterlogged 
conditions retard tillering ability. It would be essential for 
the rainfed lowland varieties to possess the inherent ability 
for profuse tillering. Other plant characteristics that need 
to be stressed are 1) high grain number per panicle, 2) strong 
grain dormancy, and 3) good panicle exsertion.

DISEASE AND INSECT RESISTANCE

Susceptibility to diseases and insect pests seriously limits the 
production potential of varieties. It is essential that 
improved varieties be resistant to major diseases and insect 
pests present in the respective areas.
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CHARACTER COMBINATIONS

Varieties capable of producing high grain yields under conditions 
of widely fluctuating seasonal environments will differ in 
growth form and physiology. Although one can define certain 
plant characteristics suited to specific environments, it is 
difficult,if not impossible,to define all possible combinations 
of characteristics necessary to suit widely fluctuating 
-agroclimatic situations as are met in the rainfed lowland rice 
culture. In Table 4 we summarized the major character combinations 
that may be considered in generating improved gerraplasm for the 
different types of rainfed lowland rice culture.



Photoperiod sensitivity in rainfed lowland rice

M. S. AHMAD

Most regions where rice is grown are characterized by rainfed 
lowland conditions. This particular ecological pattern was 
conducive to the evolution of a major group of rice varieties 
that is photoperiod sensitive.

DISTRIBUTION OF RAINFED LOWLAND 
RICE IN BANGLADESH

Rainfed lowland rice in Bangladesh includes about 60-70% of the 
aus crop, 15-30% of deepwater rice (broadcast aman), and 100% 
of transplant aman rice. The rice planted as broadcast and 
transplant aman are photoperiod sensitive. The total area of 
the two categories is about 4.43 million ha, more or less 
uniformly distributed in Bangladesh. Hundreds of indigenous 
and modern varieties in each category are cultivated.

PROBLEMS OF RAINFED LOWLAND RICE

The crop season for most of the lowland rainfed rice starts in 
April and ends in December. At both ends of the season drought 
may be a problem. In the beginning of the season, direct- 
seeded aus suffers from drought at the early vegetative phase; 
at the end of the season transplant aman suffers at the 
reproductive stage. The aus crop suffers from water stagnation 
beyond an optimum depth, or even submergence, at the reproductive 
phase. Because of the possibility of drought or an early flood, 
30-40% of the aus crop is planted mixed with broadcast aman 
rice. If aus is lost, the survival of broadcast aman is 
assured by its elongation capacity or drought tolerance, or both.

Uncontrollable water depth is a major problem for the 
transplant aman crop. Seedling or plant height is a serious 
limitation in the use of the modern varieties.

Associate director, Bangladesh Rice Research Institute, Jovdebpur, Bangladesh.
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Weather from May to mid-September is almost continuously 
cloudy, often with heavy showers. During that period light 
intensity is a limiting factor to rice growth. High temperature 
prevails throughout the season; therefore, the photosynthesis- 
respiration balance is at a minimum. Susceptibility of the rice 
plant to diseases and insects increases during the period of 
high humidity and temperature,and pest populations remain at 
a high level. The reproductive phase of the aus crop and the 
vegetative ph^se of transplant aman face all these problems.

At the end of the monsoon (from mid-October), temperature, 
particularly during the night, becomes critically low for 
proper panicle emergence, good spikelet fertility, and grain 
development. Most of the modern rice varieties are affected if 
planted late in the season, i.e. in September. About 50% of 
the transplant aman crop has to be transplanted in September 
because of late harvest of aus rice or jute. A considerable 
area is also transplanted in September after the floods recede.

Advantages of photoperiod sensitivity for rainfed lowland rice

Photoperiod sensitivity is associated with timely floral 
initiation. Because rice is a short-day plant, photoperiod- 
sensitive varieties initiate flowering during September when 
days are short. If planted early, they complete the active 
vegetative phase and pass through a lag vegetative phase to 
wait for the appropriate day length. If they are planted late, 
the early advent of appropriate day length causes the initiation 
of flowering just after a minimum period required for the active 
vegetative phase. By these physiological adjustments, the 
varieties complete their reproductive phase in weather with 
high intensity of sunlight, cooler temperature, and less pest 
problems. They also avoid the problems associated with drought 
and low temperature.

All local varieties of transplant aman and broadcast aman 
developed photoperiod sensitivity through centuries. Unlike 
boro and aus varieties, the aman varieties are harvested in dry 
fields and in dry climate, factors important for less post- 
harvest loss and better grain quality.

The natural advantages of photoperiod sensitivity for 
rainfed lowlar.J crop conditions are important and cannot be 
overlooked.

CLASSIFICATION OF PHOTOPERIOD-SENSITIVE VARIETIES

Photoperiod sensitivity is a general characteristic of 
transplant aman rice varieties. Its intensity, however, differs
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and the varieties can be broadly classified into the weak, 
intermediate, and strong sensitivity groups. The modern rice 
varieties are weakly sensitive. Such varieties generally 
mature late. The popular varieties may be classified as 
follows:

• Weak photoperiod sensitivity (early maturity) - DA31, 
Rajasail, Manikmadhu, Madhumala, Malati, IR5, and 
Brrisail.

• Intermediate photoperiod sensitivity (medium maturity) - 
Latisail, Chandrasail, Patnai 23, and DA29.

• Strong sensitivity (late maturity) - Nizersail, 
Tilokkachari, Kumragoir, Dudmona, and Haloi.

Breeding for photoperiod sensitivity

The Bangladesh Rice Research Institute (BRRI) considers 
photoperiod sensitivity as an essential character for varieties 
for the transplant aman season. Many crosses have been made 
between photoperiod-insensitive, high yielding varieties or 
progeny lines and traditional photoperiod-sensitive varieties. 
Some weakly sensitive progeny lines and varieties with high 
yield potential have been identified, but no progeny lines with 
strong or intermediate sensitivity have been identified.

Two crosses, BR51 (IR20 x IR5-114-3-1) and BR52 (IR20 x 
IR5-47-2), have shown good combining ability along with weak 
photoperiod sensitivity. BR51-94-6, which has been named 
as BR4 or Brrisail, and other progeny lines such as 
BR51-46-1-1/C 1, BR51-46-5, BR51-74-6, BR51-49-6, BR52-87-1, 
BR52-90-2, etc. are promising. Most of the materials are 
being evaluated in regional yield trials or purified through 
head rows.

Floating or deepwater rices are essentially the same as 
transplant aman in respect of photoperiod sensitivity. Suitable 
progeny lines for transplant aman conditions are being selected 
from the progenies of the crosses between floating rice and 
high-yield-potential short breeding linis.

BRRI has initiated some genetic studies on the inheritance 
pattern of photoperiod sensitivity. According to the data 
obtained up to F-j, the pattern appears to be complicated. 
There is some association between photoperiod sensitivity and 
traditional plant type. Most semidwarf or short segregants 
are either photoperiod insensitive or have a long vegetative 
phase. Some segregants appear to be weakly sensitive, but 
under field conditions it is not possible to identify the 
photoperiod-sensitive segregants with certainty. A technique
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for observing the inheritance pattern under controlled conditions 
with artificial light is nesded. There is a possibility that 
the single seed descent technique may be used for the purpose.



Photoperiod sensitivity in rainfed rice

SUVIT PUSHPAVESA and B. R. JACKSON

The term rainfed rice in this paper refers to the traditional 
varieties and cultural practices that have been in use for many 
years in the rainfed lowland areas of Asia. Our thesis is that 
one reason (but not the only one) vast numbers of farmers plant 
traditional rather than the modern dwarf varieties is the 
desirability of photoperiod sensitivity. Unless plant breeders 
recognize the real needs of farmers in rainfed areas there is 
little chance of making a significant impact on the production 
problems.

The following points clarify why farmers grow photoperiod- 
sensitive varieties. They represent our views based on 
observations of fanners in the rainfed regions of Thailand.

PHOTOPERIOD SENSITIVITY IN RAINFED RICE

Several reasons explain farmers' preference for photoperiod 
sensitivity in rainfed rice.

1. Photoperiod sensitivity ensures that the rice crop will 
flower near the end of the monsoon.

2. The farmers can plant early or late depending on the 
onset of the monsoon.

3. Plants do not suffer serious damage if left in the 
seedbed for prolonged periods.

4. Harvesting and drying are simplified.
5. Photoperiod-sensitive varieties permit transplanting 

when water is closest to optimum in the field.
6. Varieties can be selected for maturity that fits water 

conditions.
7. Land preparation and transplanting can be staggered.

PHOTOPERIOD SENSITIVITY AND RAINFALL DISTRIBUTION

Figure 1 illustrates the point that photoperiod sensitivity 
permits the farmer to plant with the rhythm of the particular 
monsoon. The popular traditional varieties Khao Dawk Mali 105 
(KDML) and Peuak Nam 43 (PN 43) represent the medium and the 
very late maturing varieties for the northeast and southern

Plant breeder. Rice Division, Depa-tment of Agriculture, Bangkok, and plan: breeder and 
IRRI representative. The Rockefeller Foundation, G. P. O. Box 2453, Bangkok, Thailand.
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1. Seeding date, growth period, and day length curves for 
two photoperiod-sensitive varieties planted at three widely 
different locations in Thailand. KDML = Khao Dawk Mali 
105. PN43 = Peuak Nam 43, PAN = north. UBN = northeast, 
KGT = Kuan Gut. Broken line indicates panicle initiation 
stage.

regions of Thailand. KDML usually flowers well within the 
usual monsoon season in the northeast, which ends abruptly in 
October; PN 43 is a late maturing cultivar well adapted to the 
southern peninsula region's prolonged rainfall conditions.

Figure 1 shows that KDML sown in the north (PAN) or 
northeast (UBN) matures on about the same date whether planted 
in May, June, July, or August. On the other hand, PN 43 is too 
late for all four seeding dates in those regions. At the southern 
station at Kuan Gut (KG1), KDML ripens by mid-December even at 
the October sowing date, which also coincides with the season of 
heavy rainfall. In contrast, PN 43, which originated in the 
south, is not ripe until mid-January at the earliest sowing 
date (August). If seeding is further delayed unr.il September 
or October, harvest cr.i be accomplished in late January or mid- 
February, which is the harvest date desired by farmers.

Attention is also directed to the day length curves for 
the three sites. Although there is relatively little variation
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in the day Length in the south throughout the year, it is 
sufficient to affect the flowering dates of both KDML and PN 43 
drastically as the planting date is shifted toward the end of 
the year. It is much greater, in effect, than the variations 
in the north or northeast.

Figure 2 gives information on rainfall, seeding date of 
KDML, and day length curve for the Ubon Station located in the 
northeast in a major rainfed area. Rainfall distribution is 
shown on the basis of the yearly extremes (shaded area) and the 
6-year average. In some years, seedbeds can be established in 
May when rainfall is at least 100 mm. However, there were years 
when the total precipitation for May was only 50 mm. Such low 
precipitation delayed seedbed establishment or caused the

Roinfolt \ nvn)
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Ubon rainfall
6-yrov(l971-76)
1,570mm

Day letxjlti (h) 
1300

Khao Dowk Mali O5 ot UBN

11.5 -

11.00 -

2. Annual (shaded) and loncr term rainfall distribution, day 
length variation and flowering date response of Khao Dawk 
Mali 105 at Ubon Rice Exporiment Station in northeast 
Thailand. Broken lines indi:ate panicle initiation stage.
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retention of more than 30-day old seedlings. The panicle 
initiation stage of KDML (dotted line) was reached in late 
September or early October regardless of whether seeding was 
in May, June, July, or August. Flowering generally began in 
October, coinciding with a marked reduction in rainfall; but 
that is also the time when the paddy fields are full of water. 
The small amount of rain that falls in November supplies some 
supplementary water, but the important moisture supply for 
grain maturation falls in September.

A second site in the northeast is shown in Figure 3 -- the 
Pimai (PM1) rice station, which is near the city of Korat. 
Comparison of the rainfall distribution at Ubon (Fig. 2) and 
at PMI reveals a marked difference. Rainfall at PMI shows a 
much more erratic distribution. Attention is directed to the

115

1100

3. Annual (shaded) and long-term rainfall distribution, day 
length variation, and flowering date of Khao Pa'hk Maw 148 
at Pimai Rice Experiment Station in northeast Thailand. 
Broken lines indicate panicle initiation stage.
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wide variation in the minimum and maximum rainfall for May, 
June, July, August, and September, the heart of the monsoon. 
This suggests that predictability of planting date is hazardous 
during any given month of the main monsoon.

Rice farmers in the area have found that the variety Khao 
Pahk Maw 148 (KPM) produces relatively stable yields despite 
being slightly later maturing (about 2 weeks) than KDML. The 
slightly later maturity permits KPM to take advantage of the 
late monsoon showers that persist longer than in the Ubon area. An 
additional two weeks for growing can be important if drought has 
delayed transplanting until August.

Figure 4 represents the rainfed conditions farmers face in 
the long peninsular area of southern Thailand where annual 
rainfall exceeds 2,000 mm. The recommended variety PN 43 fits 
the growing season well since farmers need to start their rice 
in August or September and get their plants well established 
before the heavy rains occur in November and December. Harvest­ 
ing should begin no earlier than mid-January, and February is 
preferable as it provides gooj weather for harvesting, drying, 
and storage. A sensitive variety planted under such 
conditions would need to have a maturity of over 200 days if 
planted in August, 180 days if seeded in September, and 150 days 
if planted in October. It is sometimes precarious to delay 
planting until October since water levels in the field may be 
too deep for the seedlings.

FLOWERING DATES BY REGION

For many years, Thai Government varieties have been selected by 
photoperiod-sensitivity classes and recommended for the 
different regions on the basis of popular demand by farmers 
as related to rainfall patterns. Although maturity class is not 
the only criterion for selection, varieties that are too early 
or too late to coincide with the monsoon rains are not considered 
acceptable by fanners, especially in the rainfed areas.

Figure 5 illustrates the various maturity groups by region 
for the presently recommended government varieties. For example, 
in the north all recommended varieties fall in the medium 
maturity class (flowering from October 15 to October 28). 
However, some fanners still grow an early variety where it is 
important to harvest near the end of the monsoon to allow a 
tobacco crop in the dry season. Unfortunately, the early maturing 
variety currently in use does not meet the Thai Government 
standards for other characteristics. Thus, breeders are 
continuing their search for an acceptable variety possessing 
early photoperiod sensitivity, i.e. one that will flower on or
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4. Annual (shaded) and long-term rainfall distribution, day 
length variation, and flowering date of Peuak Nam 43 at 
Kuan Gut Rice Experiment Station in southern Thailand. 
Broken lines indicate panicle initiation stage.
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5. Flowering dates of photoperiod-sensitive varieties 
recommended by the Thai Government, according to region.



Pliotoperiod sensitivity in rainfed rice 145

slightly before October 1. The northern region's rainfall 
pattern is relatively consistent throughout the area, hence, 
the relatively narrow range in maturity of the reconnencltd 
varieties in contrast with that of varieties for Lh<a northeast, 
which is the largest rice-growing region. The wide range in 
maturity primarily reflects the large differences in rainfall 
patterns within the region.

Two distinct types of rice, floating and nonfloating, are 
grown in the central plain. Maturity differences in the 
nonfloating forms may be attributed to 1) different rainfall 
patterns in the region, and 2) date when the monsoon floodwaters 
recede, which varies closely with topography. Photoperiod- 
sensitivity classes for floating varieties are closely related 
to the timing of the floods and strongly reflect the late 
drainage of the rice fields.

In the southern peninsula region, rains generally do not 
stop until mid- to late January; harvest is in February. 
Therefore, most rice farmers desire varieties whose panicle 
initiation stage closely coincides with the shortest day of 
the year. One major objective of Thai breeders is the selection 
of late and very late photoperiod-sensitive varieties. We 
believe that the southern farmers lack interest in the present 
recommended varieties because these varieties are not sufficiently 
late maturing. Examination of Figure 4 shows that as much as 
500 mm of rain can be expected in January at Phattalung (Kuan 
Gut Rice Station). Under the existing natural weather conditions, 
there would be serious problems in harvesting and drying.

IMPROVEMENT OF PHOTOPERIOD-SENSITIVE VARIETIES

The early Thai work on varietal improvement was based on 
selection within existing varieties for desired flowering date, 
grain quality, and yield. Later on, hybridization of the local 
varieties was begun in an attempt to incorporate better blast 
resistance and higher yield. About 6 years ago, work aimed at 
selecting photoperiod-sensitive semidwarf types was undertaken, 
to obtain greater response to fertilizer.

A few experimental lines have now been selected and 
sufficiently stabilized to permit extensive yield testing at 
different fertilizer levels. We observe that photoperiod- 
sensitive semidwarf segregates exhibit wide yield variations 
similar to those of photoperiod-insensitive semidwarf forms. 
Yield in response to fertilizer of two promising experimental 
lines and a popular, widely adapted, traditional, tall, 
photoperiod-sensitive variety is given in Table 1. All data 
were obtained from monsoon results since flowering does not



146 Rainfedrice

Table 1. Yield and agronomic data for two photoperiod-sensltive lines compared with Niaw San 
Pacong at 5 different fertilizer levels (Rice Fertilization Research Section, Rice Division) .

Yield (t/ha) at given 
Flowering fertilizer level-

Variety or cross

PN16/PKR//C4-63
NSPT2/IR262
Niaw San Patong

Selection

BKN6819-36-3-L
BKN6721-5-J9-H1)

•

4
17
26

date

Oct.
Oct.
Oct.

Ht. (cm)

114
136
164

1

2.7
2.5
2.5

2
2
2

2 3

.8 3.5

.6 3.3

.7 3.0

3
3
3

4

.9

.6

.5

4
3
3

5

.3

.5

.2

^'Fertilizer levels range from 0 in level 1 to 112 kg N/ha for level 5.

occur in the dry season. The line PN 16/PKR//C4-63 obtained 
its sensitivity from Puang Nahk 16, a late flowering variety 
(about 1 December) adapted to the central plain; the second 
line inherited genes for photoperiod sensitivity from Niaw San 
Patong (NSPT). Both lines show strong sensitivity to photo- 
period, but are earlier than the sensitive parents. A range of 
maturities that will permit selection for different rainfall 
patterns can be obtained from such crosses. Fertilizer levels 
ranged from 0 for level 1 to 112 kg N/ha for level 5.

Starting with 37 kg N'/ha for level 3, fertilizer increments were 
37 kg N each for levels 4 and 5, with phosphorus and potassium 
maintained at 37 and 25 kg/ha, respectively.

The results shown in Table 1 are encouraging, especially at 
levels 4 and 5. They suggest that greater fertilizer responsive- 
ness can be obtained with proper breeding and selection.

Work continues on the production of additional semidwarf 
hybrids having photoperiod sensitivity, as well as of new types 
that can elongate if floodwaters become deep, and possess 
drought tolerance in the vegetative stage and flood tolerance 
when completely submerged for up to 10 days.

It is still too early to predict whether semidwarf 
photoperiod-sensitive varieties will find widespread acceptance 
among rainfed rice farmers. We proceed on the assumption that 
sensitivity combined with other desirable characters will provide 
the yield stability that is required to help increase rice 
production in the rainfed areas. We are optimistic that the 
answer is forthcoming.
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Persons who are interested in the subject of photoperiod 
sensitivity may refer to the papers presented at the international 
seminar on photoperiod-sensitive transplanted rice, held at the 
Bangladesh Rice Research Institute, Joydebpur, Dacca, 24-28 
October 1977.



Potential for improving drought resistance in rainfed lowland rice

T. T. CHANG. BORIBOON SOMRITH. and J. C. O'TOOLE

Rice, a semiaquatic species, thrives best when water is 
continually provided. To millions of rice farmers in nonirrigated 
areas, however, the succoss of each cropping season is dependent 
on unpredictable monsoon rains. To these farmers, stability of 
yield is perhaps more important than occasional high yields. 
The response of a rice variety to the growth stage-drought 
interactions endemic to a particular location is a significant 
component of the variety's yield stability. In breeding improved 
varieties, the need to maintain or improve the drought resistance 
component along with other characteristics necessary for local 
adaptation is obvious.

Rainfed lowland rice occupies about one-half of the world's 
rice area. In South and Southeast Asia where 6670 of the 
region's 34.4 million ha is rainfed, 487- may be classified as 
rainfed lowland rice because of the physiographic and hydrologic 
characterization of the landscape and the cultural practices 
utilized.

In this paper, we discuss the nature of drought in the 
rainfed lowland ecological background in relation to the better 
researched upland rice situation. Current evaluation of rice 
germplasm for drought response in rainfed lowland culture will 
be reviewed. Problems encountered and progress in varietal 
improvement made at IRRI and in the drought-prone area of 
northeast Thailand will be reported.

Geneticist. International Rice Research Institute (IRRI); rice breeder. Khon Kaen Rice 
Experiment Station. Khon Kaen, Thailand; and associate agronomist (IRRI), Los Bafios, 
Philippines. The authors are indebted to Genoveva C. Loresto, Oscar Tagumpay, Julie Jose, and 
Roger Parreno of the Plant Breeding Department; Jaime Padilla ol the Agronomy Department, 
IRRI, S. I. Bhur/an and staff members of the Irrigation and Water Management Department, 
IRRI. stationed in Central Luzon; and the technical staff of the Khon Kaen and Chum Phae 
Rice Experiment Stations and of the Northeast Agricultural Research Center, Thailand, for their 
invaluable help on the technical operations of the research programs.
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SOME CHARACTERISTIC DROUGHT CONDITIONS

To rice researchers working in the diverse ecological 
backgrounds in which rainfed rice is cultured, drought often 
includes a variety of different situations. Basically, drought 
is a period of below-normal rainfall whose duration and 
intensity often have great spatial and temporal variations. 
Both duration and intensity are greatly modified by the soil 
physical properties of a given site. To simplify, drought 
may be considered as a water deficit-crop growth stage inter­ 
action.

That interaction is frequently an endemic characteristic 
of a site's rainfall distribution pattern. Such areas as 
northeast Thailand and southeastern India have chronic problems 
of crop establishment in the early weeks of the monsoon (Fig. la). 
Other areas such as central and northern India characteristically 
have drought conditions associated with early withdrawal of the 
monsoon rains, which adversely affect flowering and grain filling 
(Fig. la). But in much of Nepal's tropical Tarai and northeast 
India, the problem is not definitely related to a particular 
growth stage. Nor are these areas considered drought-prone 
by surveys or maps, based on monthly means or annual rainfall 
totals. Figure Ib illustrates the problem. At Parwanipur 
(Nepal) all monthly means during the crop season (June through 
October) are over 200 mm. However, the variance associated 
with the monthly means illustrates that drought (or perhaps 
excess water) can occur at any growth stage.

Within an agroclimatically similar area, soil characteristics 
such as texture and potential rooting depth vary greatly. These 
soil parameters as well as the major physiographic and hydro logic 
characteristics must also be considered in characterizing or 
diagnosing the location-specific parameters of drought, before 
embarking on a varietal improvement effort.

DROUGHT IN UPLAND AND RAINFED LOWLAND CULTURES

In recent years considerable effort has gone into studying the 
upland rice environment and the adapted varieties. The 
elucidation of the varietal adaptations responsible for the 
apparent drought resistance was a major research activity at 
IRRI (IRRI 1975b). Our studies have indicated some of the 
principal soil and atmospheric factors associated with drought 
under upland culture. These are related to the primary 
adaptive mechanisms for drought resistance found in the rice 
germplasm (O'Toole and Chang 1978). Similar studies in
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1. a) Annual rainfall distribution illustrating the extent of 
variability (dotted linos) associated with monsoon onset and 
withdrawal periods. b) Rainfall distribution and variability 
common to the trouical Tarai of Nepal and northern India.

drought-prone, rainfed lowland rice environments have not been 
made on an equally intensive scale, however.

The basic features of upland and lowland rice environments 
differ. The climatic, edaphic, hydrologic, and agronomic 
parameters may produce significant interactions in times of 
below-normal rainfall:

Upland climates are generally characterized by 500 
to 1,500 mm annual rainfall with a period of 3 to 4 
months having monthly means exceeding 200 mm. Lowland 
climates are generally characterized by 700 to 2,000 mm 
annual rainfall with 3 to 7 months exceeding 200 mm each.
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• Upland soils are usually deep, light-textured, high in 
hydraulic conductivity, and aerobic. Lowland soils are 
generally shallow with a hard pan, heavy textured, and 
anaerobic during most of the crop season.

• Upland soils are well drained, with low water tables; they 
rarely experience prolonged flooding. Lowland areas are 
often poorly drained, with high water tables; they may 
experience water excesses alternating with drought.

• Land preparation for upland rice is dry. The crop is 
direct-sown and the use of agrochemicals is negligible. 
Lowland fields are usually prepared wet and puddled, 
the crop is established by transplanting or broadcasting, 
and the wide range of agrochemica 1 use is associated 
with water dependability and control.

Certain drought-resistant adaptive mechanisms,such as early 
maturity or photoperiodic control of the reproductive process 
and a deep and thick root system, which are highly effective 
in conferring the escape or avoidance component of drought 
resistance under upland culture, may also apply to rainfed 
lowland culture. The more subtle yield-reducing effects of 
water deficit under rainfed lowland culture would require more 
refined techniques in research, however. Thus, knowledge gained 
in studies of upland drought will have limitations when directly 
extrapolated to apply to lowland conditions. We need to initiate 
and sustain research directed toward understanding the intricacies 
of the major drought-prone, rainfed lowland cultural systems.

GERMPIASM EVALUATION AT IRRI

Di'oii(:ht i'iir,istay.jc under upland eondit'lonc-

Since the development of the mass-screening method for drought 
resistance in upland nurseries (Chang et al 1974), IRRI 
breeders and agronomists have evaluated about 9,193 accessions 
from IRRI's germplasm bank and more than 7,000 breeding lines. 
About 2,000 more accessions have been evaluated by agronomists 
in the special greenhouse. Drought reactions obtained at two 
growth stages from 9,720 accessions are summarized in Table 1.

To sum up the 4-year screening work, we emphasize the 
following:

• Drought resistance at the vegetative phase is more 
readily found than resistance at the reproductive 
phase (IRRI 1978).
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• Drought resistance has relatively high heritability and 
can be found in progenies of double-crosses that involve 
one resistant parent only (IRRI 1976).

• Drought resistance and the ability to recover are 
independent traits (Chang et al 1972, IRRI 19751)).

Drought resistance wider rain fed loutarid condit-'.onc,

Since the wet season of 1976, IRRI geneticists and breeders 
have been testing diverse rice germplasm under rainfed lowland 
culture (simulated in the dry seasons) and a continuously 
irrigated culture. So far, 1,419 varieties and lines have been 
evaluated in the 1976 and 1977 crop seasons. Because facilities 
for this kind of evaluation are rather limited, we drew on 
information obtained earlier from the upland screening 
experiments to reduce the number of test varieties.

When prolonged drought occurred (in the wet season) or was 
imposed (in the dry season), the susceptible varieties manifested 
the same syndrome that was observed earlier in mass-screening 
under upland conditions (Chang et al 1972, 1974; Loresto et al 
1976): marked rolling of leaves, death of lower leaves, stunted 
plant growth, reduced tillering, delayed heading, incomplete 
panicle exsertion, reduced panicle size, panicle sterility, 
and decrease in grain weight (IRRI 1977, 1978). For the 
intermediate and more resistant genotypes, the varietal differences 
were relatively smaller.and it was necessary to compare the above 
traits between the rainfed lowland planting and a fully 
irrigated planting obtained in the same season or at an 
earlier date.

Promising genotypes identified from the evaluation 
experiments are grouped as follows:

1. Improved lowland varieties and lines -- Polita 1-1, 
Pelita 1-2, BP1-76 (n.s.). Sigadis, Mahsuri, Niaw Sanpahtawng, 
Knlb-368-1-8-6-7, B981d-si-46-2, BKN 6809-74-40, Ba la , IR34, 
IR2035-108-2, IR3941-25, and IR4707-123-3.

2. Purified farmers' varieties -- Carreon, DJ 29, I!R3, 
BK 88/BR6, Kuan Tting Tsao Sheng, JC 81, and Nam Sagui 19.

3. Improved upland lines -- IR3880-13-5, IK3S30-13-11, 
IR3646-8-1-1, IR3646-8-1-5, and IR3646-13-2-2.

During 1977 and 1978, many crosses made at TRR1 involved 
the following drought-rusisrant parents: BPI-76 (n.s.), JC 81, 
Khao Dawk Mali 105, Mahsuri, Nam Sagui 19, Sigadis, T R34,
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IR2035-108-2, IR36A6-L3-2-2, 1R3SSO-13-5, IRM22-6-2 and 
IR4432-28-5.

In earlier results from dry season upland field screening, 
wo reported a close association between visual scoring based 
on loaf rolling (Loresto et al 1976) and varietal capability 
to maintain high leaf water potential (O'Toole and Chang 1978). 
The maintenance of a high water status in these upland adapted 
varieties was predictable from earlier studies of rooting 
depth and root thickness (Loresto and Chang 1971, Chang et al 
1972, IRR1 1975n, Parao et al 1976). During the 1977 dry season 
field screening in lowland culture, we again observed this 
relationship. Figure 2a illustrates the diurnal pattern of leaf 
water potential in four varieties screened for drought response 
in a dry season lowland experiment. It is clear that the 
varieties are experiencing different levels of internal plant 
water deficit during the day. Figure2b shows chat the visual 
drought resistance score is highly correlated with daily mean 
leaf water potential. Thus the varietal trait,maintenance of 
a favorable- plant-water potentia 1, appears to be a common factor 
determining the visual drought resistance score regardless of 
the cultural system employed.

It is worth noting, however, that soil depth or potential 
rooting depth may be restricted in many rainfed lowland fields. 
In situations where prolonged maintenance of plant water 
potential is not possible, we- may find that alternative 
adaptations for coping with internal water deficits have evolved. 
In figure 2a the I:ide::i-s ian lowland variety Intan appears 
to be poorly adapted for r.a inta ining high water potential. 
Nevertheless, it has a favorable reputation in the drought- 
prone rainfed sites of Indonesia and has recently been adopted 
by rainfed rice farmers in Karnataka State, India.

Observations such as tiu-se further indicate the embryonic 
state of our current ri-s...-arch on varietal adaptation to rainfed 
lowland environments, and stress the ne"d for more refined 
studies.

COMPARISON AMONG Fl'U.Y IRRIGATED, PARTIALLY IRRIGATED, AND 
RAINFED LOWLAND CULTURES IS' CENTRAL LUZON, PHILIPPINES

To extend the research un drought resistance in rainfed 
lowland culture to areas where large proportions of the rice 
crop are planted under nonirrigated conditions, field experiments 
were initiated in farmers' fields near Gapan and Ta lavera , 
Central Luzon, Philippines, in the 1977 wet season. In both
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places, three sites were selected to represent fully irrigated, 
partially irrigated, and rainfed water regimes. At each site 
12 rices known to react differently to moisture stress were 
planted.

Most sites had light soils: sandy loam, loam, cr sandy 
clay loam.

Fortunately, the experiments ran into protracted dry 
weather that began in late September. Distinct differences 
in yield performance among varieties were observed.

Figures 3 and 4 combine information on the drought 
resistance scores, vegetative and reproductive growth phases 
of test varieties, the rainfall distribution at two sites from 
August through November, the occurrence of stress in the 
partially irrigated and rainfeu plots, and the yields of 
the 12 varieties under each treatment.
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The following inferences may be drawn from the experiments:

• Water stress during the reproductive period (from 
panicle initiation to grain ripening) has adverse 
effects on grain yield.

• The early maturing varieties are less affected by water 
stress during the later part of the crop season mainly 
because they are able to escape severe water deficit 
at the grain ripening stage.

• The medium- and late-maturing varieties are much more 
adversely affected by water stress that occurs after 
heading. The late varieties produce less than the 
medium-maturing ones.
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• Among varieties in the medium- and late-maturing groups 
with similar growth durations, genotypes significantly 
differ in their resistance to drought.

• Drought reactions under upland culture obtained from 
mass-screening tests are positively correlated with 
drought responses under rainfed lowland culture.

The findings of the 1977 experiments carried out in Central 
Luzon have indicated great promise in the genetic approach for 
coping with drought resistance under rainfed lowland culture.

BREEDING PROGRAM IN THAILAND

Statistics compiled by the Thai RcyaI Irrigation Department 
(Thai Department of Agriculture 1977) show that during a
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126-year period (1831-1957) substantial losses in rice 
production could be ascribed to adverse weather conditions 
(drought or flood or both) that prevailed in 64 years of the 
period. Drought occurred in 60 of the 64 years. During the 
1977 wet season, drought damage accounted for production losses 
ranging from 9.62 to 38.32% in the rainfed lowland areas of 16 
provinces in the northeast. For the total planted area, the 
average loss amounted to 28.497, (Thai Department of Agricultural 
Extension 1978). Therefore, drought resistance was included 
as one of the major breeding objectives in 1954, and was 
reemphasized in 1972. Research work in the northeast- was 
expanded when the Rainfed Rice Improvement Pilot Project was 
launched in 1972. The Khan Kaen Rice Experiment Station 
has been serving as the breeding center for the northeast region.

Some of tile recommended lowland varieties of the northeast 
region, such as N'am Sagui 19, Niaw Sanpahtawng, Khao Dawk Mali 
105, and RD6 (KDML ' 65G2L'-6S-254) have moderate levels of 
drougiit resistance. Candidates for varietal release in 1978, 
KDML '65G1-U-45 and KKN672 1-5-7-4 also have good resistance 
in upland screening tests. The upland drought screening tests 
have been implemented at several sites in the region since 
1975. Test materials include local varieties, accessions 
from the IRRI germplasm bank and IRTP nurseries, IRRI breeding 
lines, and breeding lines from different experiment stations 
in Thailand. The promising sources of drought resistance 
identified during 1976-77 are listed in Table 2.

Since 1975 the Khon Kaen Station has made about 500 crosses, 
of which 707, were aimed to improve the level of drougiit 
resistance. The F2 populations were supplied to the following 
stations: Pimai Rice Experiment Station (RES), Surin RES, 
Sakonnakorn RES, Khon Kaen Field Crop Experiment Station, 
Chiengrai Crop Experiment Station, Pitsanulock RES, Pahn 
Chiengrai RF.S, Chum Phae RES, I'bon RES, and the NE Agricultural 
Research Center. Wo also exchange early generation lines and 
FT bulks with IRK I.

In 1977, we started collaborating with IRRI in carrying out 
drought screening experiments under rainfed lowland culture 
at Khon Kaen and Chum Phae stations. The 10 top yielding 
entries at Chum Phae station were: KDML '65-C1-U-45, KKN 6721- 
5-7-4, KDML 105, [R3464-126-1-3, 3KN672I-13-5-3, KDML 65-G2-U-68- 
254, HKN' 6801-5-1, IR3646-9-2-1, IR1529-430-3, and BPI-76 (n.s.). 
Tlv: yield ranged from 2.27 t/ha (BPI-76 n.s.) to 3.18 t/ha 
(KDML '65-G1-U-45). There was no significant difference among 
the means of the entries. Popular varieties such as Nam Sagui 19 
and the blast-resistant Mahsuri yielded 2.23 and 2.13 t/ha, 
respectively. Their yields did not differ significantly from
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Table 2. List of 20 drought-resistant selections In the 
International Upland Rice Ob»ervatlonal Nursery at Northeast 
Agricultural Center Farm, Khon Kaen, Thailand, 1976 and 1977 
wet seasons.—

1976

Selection

IR1545
IR1721-14-6
IR1746-FJB-24
IR1746-88-1-2-1
IR1746-194-1-1-1
IR1746-226- 1-1-2
IR1746-226-1-1-3
IR1746-226-1-1-4
IR1746-226-2-2-2
IR1746-226-1-2-3
IR1750-F5S-2
IR1750-F5B-3
IR1750-F5B-5
IR1750-F1B-16
IR2734-FJ8-20-1
IR2735-F}B-35-l
Ab-lU-37
E425
IRAT9
IRAT13

Drought 
score

3
4
3
3
3
3
3
2
3
3
4
3
3
2
3
2
3
2
4
2

1977

Select Ion

Aua 61
B981U-123
B981d-Si-28-2
IR1746-88-1-2-1
IR1750-P5B-5
C121-94
C166-135
Kinandang Patong
62-355
IR36
1RV.2-2-58
1R2061-522-6-9
IR3839-1
IR3880-13
IR3880-17
IRAT13
0^2
C46-15/IR24 2
1R1754-F5B-22
IR3880-5

Drought 
score

4
3
3
4
4
3
3
4
4
4
It
3
3
3
5
3
4
5
3
3

a. Drought score based on scale of 1-9: 1 = none to very slight 
effects of stress, 9 = all plants apparently dead.

those of the top LO entries, however. On the other hand, IR36 
yielded only 1.78 t/ha; Intan, a check variety from Indonesia, 
yielded 1.83 t/ha.

We also test promising materials under two direct'-seeding 
methods; dibbling and drilling. Improved varieties sown by 
these methods could outyield the old varieties grown by 
transplanting. Row seeding appears to be slightly superior to 
other methods.

The new selections KDML '65-G1-U-45, K.KN6721-5-7-4, 
SPT6118-34, and RD6 produced higher yields than the popular 
varieties (Khao Dawk Mali, Khao Pahk Maw, and Niaw Sanpahtawng) 
in variety-planting method trials at several stations in the 
northeast during 1977 (Table 3, 4). KDML '65-G1-U-45 performed 
well probably because it matures earlier than the standard 
local varieties.

We believe that a combination of superior varieties and 
proper cultural practices offers the greatest opportunity for 
rainfed rice improvement in northeast Thailand.
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Table 3. Grain yield of glutinous rice varieties antl breeding lines in seeding- meltiod-variety 
trial and demonstration in fanners' fields. Northeast Th.iUan.l. 1977 vet season.

Ora in
Yasothon

Variety or line

Nlaw Sanpahtavns

RD6

KKN6712-5-7-4

5XN6721-13-5-3 (I)

(transplanted)

Method

Dlbbllna (D)
Row (R)

D
R
D
R
D
R

Me lung
Yasothon
(28 June)

40S
375
4Sb
403
.452
447
496
494

KhaB Kheuan
Caou

(25 Julv)

123
1 54
HO
1 54
120
1 52

97
I3o
I67d/

vleld (kv:/rai£')
I'bon

Uarln
Chacirab
(27 June)

331
315
470
383
406
424
268
236254d/

Det
lid on

(19 Julvl

166
233
163
310
252
349
202
335

Av

257
269
310
312
307
343
266
300

i Seeding dates are In parentheses, 
k b.2b rai t-tjuals 1 ha. 
£ Nlav Sanpahtawng.

Table 4. Grain yi
variety trial and

Variety or line

Khao Da-.V. Kali 105

KIWI. '65-C!-l:-45

BK."t'6113-79

SPT611S-34

Local variety
(transplanted)

eld of nonglutin
desonstrac ion in

Mi-lhcd

DlbbllnK ID)
Rou (R)
I)
R
C
R
D
R

ous rice varielte
farrx-rs' fields,

Gra in
Dan Kh-.ituo<i 

(Korat)
(15 Julv)

2JS
3*>H
2o4
3 ':3
351
472
462
492
20^'

s and breed!
1977 uvt se

yield (tu/ra
I'ratai 
(Korat)

122 July)

J(j6
371
371
433
1S6
11B
355
343
203^

nt lines in
a son, r or the

i- )

(S.irin)
(17 Julv)

269
329
379
341
251
208
112
2»3
39gc /

seeding- nvthtnj-
ast Thailand.

Av

298
356
I2S
379
263
266
376
373
270

£ Seeding dates are in parentheses. 
^ 6.25 ral equals 1 ha. 
£ Khao Dawk Ma 1i. 
d Khao Pahk Mau.

FUTURE DIRECTIONS FOR RESEARCH 

We make eight observations to point out future research directions.

1. There is great potential for incorporating drought
resistance into high yielding rice genotypes intended 
for rainfed lowland culture by the combined efforts of 
breeders, geneticists, crop physiologists, and agronomists.
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2. Enormous variation exists among genotypes with respect 
to drought resistance at the vegetative phase. 
Relatively few accessions are drought resistant at the 
reproductive period. We need to intensify our search 
for resistance that functions at the later growth 
period.

3. Early maturity frequently aids drought escape in areas 
with a short rainy season. Photoperiod-sensitive 
genotypes fitting well into the rainfall pattern of 
specific areas can be useful.

4. Substantial correlation exists between drought
resistance scores obtained in upland screening and 
varietal behavior in rainfed lowland plantings. But 
we need to know more about the component-mechanism 
of drought resistance under rainfed lowland culture.

5. Progenies of crosses intended for upland cultures should 
also be tested and selected for those suitable under 
rainfed lowland culture and vice versa. By making full 
use of many drought-resistant sources, we may develop 
a wide spectrum of progenies that can adapt to the 
full array of climatic, hydrologic, and edaphic conditions.

6. Although drought resistance is a highly complex trait, 
research findings to date indicate that it has rather 
high heritability and expressivity. The inclusion of a 
drought-resistant parent in three-way or multiple 
crosses is essential.

7. As was the case with upland rice (Chang et al 1975), 
some modifications in the improved plant type will be 
needed: intermediate plant height, moderate tillering 
ability, adequate panicle size, and good panicle 
exsertion.

8. Varietal improvement programs for rainfed lowland areas 
will call for a greater degree of international and 
intcrinstitutional collaboration than for irrigated 
rice culture because of the marked variations in 
location-specific ecological factors. Testing in 
farmers' fields at representative sites is essential 
to complement and supplement testing at experiment 
stat ions.
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Potential for improving submergence tolerance in rainfed lowland rice

N. SUPAPOJ. D. HILLERISLAMBERS, C. BOONWITE. and S. KARIN

In rainfed areas, flooding is a serious constraint to rice 
yields. Water from flash floods may remain on rice fields for 
periods of 7-10 days. It has been suggested that flood damage 
to rice is mainly due to:

o the force of the water, which uproots rice plants;
o death of plants, particularly from lack of an adequate

oxygen supply for respiration; and 
• lowered photosynthetic activity resulting in a shortage

of respiratory substrates (Yamada 1959).

In countries where sudden flooding occurs, varietal 
tolerance for submergence should be an important goal in the 
rice breeding program. Methods for testing the tolerance of 
varieties for submergence should be developed.

Many locally adapted varieties grown in rainfed areas were 
subjected to periodic flooding throughout a long history of 
cultivation. Some of these acquired genetic tolerance for 
flooding, or they would not have survived such a period of 
natural selection. Therefore, a logical place to look for flood- 
tolerant sources should be in areas where floods frequently 
occur. In India, for example, flood-tolerant varieties such 
as FR 13A were obtained by saving the surviving plants from 
flood-damaged fields.

MAGNITUDE OF THE SUBMERGENCE PROBLEM

In rainfed areas, water is generally the factor limiting the 
yield of rice. Sufficient fertilizer and good soil preparation 
may not deliver expected high rice yields because of too little 
or too much water. There may be insufficient rain at the

Rice breeder. Deepwater Rice Breeding Branch, Rice Division, Department ol Agriculture; 
breeder. Tha.-IRRI Cooperative Deepwater Project, and rice breeders. Bangkhen, Bangkok. 
Thailand.
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seedling stage and the resulting drought causes seedlings to be 
stunted, reduces tillering, and sometimes destroys the plants 
altogether. In depressions or in areas close to rivers, 
however, floods can occur anytime after transplanting. In 
1975, an unexpected flood severely damaged Thailand's wet season 
rice crop in the middle of the growing season, particularly in 
the central plain. Estimates of the resulting flood damage in 
irrigated and nonirrigated areas are in Toie 1. The table 
shows the impact of flooding or. the rainfed areas.

Floods such as those in 1975 frequently occur in the main 
rice-growing areas of southern Thailand, and occurred in the 
rainfed areas of the northeast in 1977. They came too late 
in the season to allow replanting of the rice crop.

FIELD SCREENING

The International Rice Research Institute developed methods 
several years ago for the laboratory screening of rice seedlings 
for submergence tolerance (Vergara and Mazaredo 1975). Major 
factors, such as water temperature, light intensity, and water 
depth were controlled. As a result, information from each 
screening has high repeatability. However, lor screening in the 
field, control of such factors is difficult, if not impossible. 
Factors within experimental control require study in order f.^ 
develop reliable field screening tests. Sor.ie o£ them are:

age of seedling, 
method of planting, 
plot size, 
depth of water, and 
period of submergence.

In Thailand there is no standard method yet for submergence 
tolerance screening. Several studies dealing with submergence- 
tolerance of rice have, however, been conducted. The different 
procedures used are summarized in Table 2. From the information, 
procedures of screening for submergence tolerance have been 
refined. In test 1 (Woerap.-it .ind Woranim.in 1^7-'*) using clear 
water and potted plants, Nam Sagui 19, Cow Ruang 88, Bangkhen 
293, and Khao Dawk Mali 105 -- all Thai tall nonfloating 
varieties -- showed high percentages of emergence through water 
after 7 days. RDl and RD2, the short-stature, high yielding 
varieties released by the Rice Division, performed poorly 
(0% emergence after 7 days of submergence). In test 2 
(Jaileuk 1975), using a deep pond and maintaining seedling age 
and water depth similar to those in Weerapat and Woraniman's
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test, Bangkhen 293, Cow Ruang 88, Leuang Tawng, Nahng Mon S-4, 
BKX66L3-28-1-2, BKX6652-225-1-1-2, W1252, and GS1989 showed 
good submergence tolerance.

As a result of the initial studies, Nam Sagui 19 and RDl 
were selected as the respective resistant and susceptible 
checks in succeeding submergence tests.

Boonwite (1977) conducted submergence tolerance screening 
at the Klong Luang Rice Experiment Station. Several promising 
lines and varieties were identified. The 20 best lines from 
480 entries tested (Table 3) have at least one parent that has 
been reported to possess tolerance for submergence. Seven of 
the best lines originated from the cross GEU76042, which contains 
SML Temerin; and six additional lines were from IR8234, which 
has N'am Sagui 19. Both SML Temerin and Nam Sagui 19 have shown 
relatively good submergence tolerance in laboratory tests at 
IRRI. Kam Sagui 19 was first reported to possess submergence
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Table 3. Lines and varieties shoving good tolerance for 
submergence at the Klong Luang Rice Experiment Station In 
1977 (Boonwlte 1977).

Designation

IR8234-9I-4
GEU76042-3K-10
GEU76042-4K-12
IR8234-OT-27
IR8234-14T-2
1R7065-OT-16
GEU76042-3K-19
IR8235-8T-:
BKNFR76106-9
GEU76042-4K-15
IR8234-4T-3
BKNFR76112-5
RDll
BKNFR76106-13
GEU76042-2K-25
GEU76042-4K-16
IR7065-OT-41
CEU76042-4K-11
IR8234-11I-3
1R8234-2T-4

% survival 
Parents (av from 2 

replications)

NS19/IR1721-11-6-8//IR2061-213-2-16
SML Temerin/BG90-2//bulk T^'s pollen
SML Tcmerln/BC90-2//bu.lk f,'a pollen
NS 19/1R1721.-11-6-8//1R206I-213-2-16
NS19/IR1721-11-6-8//IR2061-U3-2-16
NS19/IR2031; 724-2-3-2
NS19/IR1721-11-6-B//IR2061-213-2-16
NS19/IR2031-720-2//1R2061-2I3-2-16
IR1561-228-3-3/FR13A
SML Tcmerin/BC90-2//bulk F L P 3 pollen
NS19/IR1721-11-6-8//IR2061-213-2-16
NS19/1RL721-U-6-8//IR2061-213-2-16
RD1/IR661
IR1561-228-3-3/FR13A.
SKL Tenerln/BG90-2//bulk F.'s pollen
SML Ieoerln/BG90-2//bulk l\'s pollen
NS19/1R2031-724-2-3-2
SML Teracrln/BG90-2//bulk F^'s pollen
NS19/1R1721-11-6-8//1R2061-213-2-16
NS19/1R1721-11-6-8//IR2061-213-2-16

99.5
99.0
94.0
91.0
90.0
88.0
87.0
85.5
85.0
84.0
84.0
83.0
83.0
82.5
82.5
81.0
81.0
80.5
79.5
79.0

tolerance by Weerapat and Woraniman (1974) and has been used 
as the standard check variety for tolerance at IRRI for several 
years.

Test 4 (Table 2) was conducted in a pond at the lluntra 
Rice Experiment Station, Ayuthaya province. The major objective 
was to assess the effect of submergence on varieties in terms 
of four different water depths. All rice plants submerged ac 
the two deepest levels (134 cm, 153 cm) were completely destroyed. 
However, at the 90- and 104-cm depths survival was sufficient to 
permit recovery scores and yield estimates. These are summarized 
in Table 4. The 90-cm water depth did not do much damage, and 
the pliotoperiod-sensitive varieties, as a group, yielded less 
than the photopcriod-insensitive materials. The latter probably 
is more related to the planting date and the consequent forcing 
into flowering of the sensitive lines than to any relevant 
submergence phenomenon.

The test also suggested a rather narrow interval in water 
depth between the 104-cm depth, with overall acceptable survival 
and yield, and the 134-cm depth, with no survival. This led us 
to adopt the intermediate water deptli of 115 cm in test 5 (Table 2),
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Additionally, seedlings aged 20, 50, and 70 days before 
submergence were respectively direct seeded, transplanted, and 
transplanted. Scoring was at weekly intervals starting 2 weeks 
after the plots were drained. Both visual percentage estimates 
and 1-9 visual recovery scores were recorded. Table 5 gives a 
tentative comparison of the relative efficiencies of the 24 
possible combinations of scoring methods (2), seedling ages 
before submergence (3), and time of scoring after draining (4). 
Hie significance of varietal differences was poorest with the

Table 4. Average yield estimates and recovery score's rruide 
for LO varieties 29 days after drainage atcer siit1 " r^encc In 
90 and IDA cm cf water for 7 days, Huntra Kice Experirr.tm t 
Station, Il-.aihmd, 1977.

Variety

BKS69S-3-66-:
BK-';69ib- 106-3
r.K.N69c:7-(.3-7
2^:69 = 7-32
it!) 7

Av

2K.W956-147-;
EKNt-956- 161-3
ES-.'69S6- 167-2
.\a.T. Sagut 19
K!l.iu 7 a Hat-r.s

Av

90-cn depth

?I/piou Av "°r-

667.0 1.8
436.0 2.0
635.0 1.5
-42.0
56o.O
549.6

252.0
309.0
370.0
286.0
494.0

.0
5

_ 5
.8
.3
.0
.0

350.2

104-

Av yield 
(g/plot)

488.0
J28.0
535.0
582.0
566.0
509. S

258.0
314.0
416. O v
333. (£
305.0
344.0

.n; deptii

Av score1-

6.5
3.5
4.5
2.0
6.0

5.5
1.8
4.5
7.0^
5.5

- Score basea en i » plants fully recovered, 9 : nu recovery.
b
~ Av yield and av score obtained frun the becond rt-plicaLicn.

70-day-old seedlings. It appears that little v/as gained from 
postponing the scoring to 4 or more v/eeks after draining. >tore 
experiments are needed to distinguish differences among scoring 
methods, between 20- and 50-day-old suedlings, and between 
scoring at 2 and 3 v/eeks after drainage.

Figure 1 illustrates thu findings for 20-day-old seedlings, 
scored at 14 days after drainage. It shows the distinctive 
reactions of the entries, ranging from complete destruction in 
the case of Nam Sagui 19, to 907, survival for BKN6986-108-3. 
This high degree of differentiation is a welcome change from 
the incomplete destruction of the nonresistant materials and 
the generally haphazard results encountered in previous tests 
at shallowe' water depths.
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table 5. F values obtained as relative measures ol efficiency 
of the 24 different component tests on the basis of 2 scoring 
methods, 3 seedling ages before submergence, and 4 noraents of 
scoring (6 varieties, 2 replications and 1 block each).—

Seedling age Scoring at number of weeks alter draining plots
at start of _______________________________
submergence 2345

20 days 81.0** 10.8* 5.7* 8.3*
50 days 9.0* 6.0* 3.1 1.1
70 days 1.8 3.4 3.5 7.0*

20 days 9.8* 10. 4* 8.2* 8.0*
50 days 17.9** 61.4** 6.0* 9.2*
70 days 3.7 4.2 2.8 4.5

£ * . significant at the 51 level, ** : significant at the It 
level.

TESTING METHODS

Submergence tolerance, as a trait in a breeding program, suffers 
from a lack of natural testing sites with predictable occurrence 
of temporary flooding. Consequently, there is much reliance on 
testing in controlled conditions at the experiment station. But, 
to what extent do the various tests that have been and are being 
done correspond with each other?

No systematic studies using a single array of varieties, 
and subjected to different testing methods have been used yet, 
but there is enough overlap between the tests (Table 2) to 
suggest the following:

• Tests 1 and 2 employed shallow water and scored for 
the ability to grow through the water. As a group, the two 
appear distinct from the other tests, where water depths 
increased, culminating in the 115-cm depth of test 5, and where 
in general the varieties that earned distinction in tests 1 and 
2 (Nam Sagui 19 and Kliao Dawk Mali 105) were at the bottom of 
the performance scale.

• Correspondence of test 3 with the screenhouse tests of 
1RR1 is suggested by the superior performance of derivatives 
from varieties with good performance in 1RRI tests, compared 
with derivatives of varieties without such distinction (Fig. 2).

• Correspondence among the various field tests in ability 
to show repeatable varietal differences for submergence tolerance
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is illustrated in Figure 3 3 where varieties and lines common 
to two different tests are plotted in a scatter diagram showing 
correlation of the results.

IChe continuing problem of the tests for submergence 
tolerance is the high degree of environmental influence on test 
results. It manifests itself in low correspondence even between 
replications of the same test, and should lead to caution in 
interpreting results of single tests. It also strongly points 
to the need for frequent interspersal of varieties of known 
submergence tolerance as checks in submergence tests.

SurvMl (%),test 5
1001——————

8O

6O

20 o 

o
o
•
O, 1 I

•XI 8040 6O 
Survival (%),l«t 3

3. ScattOf diagram of varieties and lines common to 
test 3 (Table 2) and to a supplement to test 5 liable 2).
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Varietal tolerance for mineral stresses in rainfed wetland rice fields

F. N. PONNAMPERUMA and H. IKEHASHI

Adapting rice plants to grow in adverse environments has 
recently assumed increasing importance. This trend stems 
mainly from the pressing need to use marginal land for crop 
production. Emphasis is shifting from changing the environment 
to suit the plant (as was done in the past) to tailoring the 
plant to fit the environment. Recent advances in identifying or 
developing varieties tolerant of iron deficiency (Brown 1977), 
aluminum toxicity (Ponnamperuma 1974, 1975a; Howeler and Cadavid 
1976), acidity (Spain 1977), salinity-alkalinity, iron toxicity, 
phosphorus deficiency, and zinc deficiency (Ikehashi and 
Ponnamperuma 1978), and problems of organic soils (1RRI 1978) 
hold promise of success in developing varieties suited to 
rainfed wetland rice soils.

The first problem is to define rainfed wetland rice. The 
next problem is to identify the stresses to the wetland rice 
plant in the environments in which it grows. The final task is 
to produce varieties with an acceptable degree of tolerance for 
the stresses.

We attempt to identify the mineral stresses in rainfed 
wetland rice fields and to evaluate the prospects of breeding 
varieties with tolerance for the stresses.

RAINFED WETLAND RICE 

>:.:' t"';*^ is difficult to define.

First, ."i: r >;.''.'c' is a contradiction in terms. Rain implies 
uncertainties that go with vagaries of the weather, while 
feeding suggests a controlled supply. Without going further 
into semantics, we assume that >',j;'>:;V..-' means that the main 
source of water for the rice crop is local rains.

Principal so;/ chemist anclp/anr brreder. International Rice Research Institute. Los Baoos, 
Philippines.
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Secotvl, thv ;:e is a question. Must the water supply be 
direct rainfall or does it include stream water and underground 
water? In undulating terrain, interflow and streams activated 
by local rains are common sources of water for rice fields; in 
basins, deltas, estuaries, and lake fringes the water table 
rises during the rainy season and comes within easy reach of 
rice roots. Thus, the water regime in rainfed wetland rice 
fields depends not only on the intensity and distribution of 
rainfall but also on the hydrology of the rice fields.

Third is the ambiguity of the term '•'• .'.,:':: :":.-V. Although 
rice is usually sown or transplanted in puddled fields, there 
are considerable areas where seeds are broadcast or drilled in 
the dry soil, germinate after the first rains, and grow in a 
soil that nay become submerged to a depth of 5 m.

Provisionally, we define rainfed wetland rice-growing soils 
as soils on bunded fields that are submerged or saturated as a 
result of direct or indirect action of local rains, and are 
anaerobic for more than 50X of the time the crop is on the land. 
The period of nonsubmergence, or unsaturation and aerobiosis, 
may come at any time from sowing or transplanting until 2 weeks 
before harvest and may be intermittent or continuous.

THE CHEMICAL REGIME IN RAINFED WETLAND RICE SOILS

The chemical regime in the soil holds the- key to understanding 
the mineral stresses that rainfed wetland rice plants undergo. 
In rainfed rice soils the chemical milieu depends on the water 
regime, wh.'.ch is characterized by alternate flooding and drying.

When a soil is submerged the following changes occur 
(Ponnamperuma 1972):

• redox potential decreases,
• pH of acid soils increases,
• pll of calcareous and sodic soils decreases,
• electrical conductivity increases in normal soils but 

decreases in saline soils,
• nitrate disappears,
• ammonium accumulates,
• sulfate is converted to hydrogen sulfide and insoluble 

sulfides,
• the solubility of iron, manganese, phosphorus, and 

silicon increases,
• the solubility of zinc and copper decreases,
• carbon dioxide accumulates, and
• toxic organic substances form.
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Drying a soil reverses these changes; reflooding renews them. 

Of the changes, the following benefit rice:

• decrease in redox potential,
• changes in pH,
• accumulation of ammonium, and
• the increase in solubility of iron, manganese, 

phosphorus and silicon.

The other changes may harm rice.

MINERAL STRESSES IN RAINFED 
WETLAND RICE-GROWING SOILS

The mineral stresses in rainfed wetland rice-growing soils are 
associated witn the electrochemical and chemical changes due 
to alternate wetting and drying. The main chemical stresses 
are toxicities and deficiencies. Their nature and severity 
depend on soil properties, and time and duration of drying 
(Table 1). The chief physical mineral stress is aggravation of 
osmotic imbalance in saline soils.

ficdox potential and rdneml stresses

The decrease in redox potential increases the availability of 
nitrogen, phosphorus, iron, and silicon but decreases the

Table 1. Influence of soil and ctmv of drying on ninerai stresses in wetland rice soils.

Soil During After refloodins

Nvutral soils Early 
l-.i t f

Strong iicld soils Early 
La to

Acid tuUdU* sotU Early 
UIP

Culcjrix'UH aulls Early 
L<ite

Alkjli soils Early 
Ldtt-

S.ilint- soilsi Early 
Lftte

Fe deficiency. P deficiency N deficiency 
Fe deficiency

P deficiency 
^n toxicity

Fe deficiency 
ff deficiency

Iron toxiclty

Al toxiclty, P deficiency Fe toxicity 
Al toxicity

Zn deficiency, N deficiency

Ft* deficiency, Ci\ deficiency vln deiiciency, N deficiency 
Fo deficiency

Osmotic stress
Osinotic stress 
Osrutic stress
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availability of sulfur, zinc, and copper. On balance, a redox 
potential below 0.2 V at pH 7 benefits rice.

When the rains fail and the soil dries, oxygen enters the 
soil, oxidizes it, and raises the potential. If the potential 
remains high for more than 2 weeks, rice may suffer from iron 
deficiency on neutral and calcareous soils and manganese toxicity 
on acid soils (Ponnamperuma 1975b).

The increase in pH of acid soils and decrease in pH of calcareous 
and alkali soils are important benefits of flooding. When a 
soil dries the changes are reversed, imposing:

• aluminum toxicity in strongly acid soils,
• manganese toxicity in if-odt-iately acid soils,
• phosphorus deficiency in strongly acid soils, and
• iron deficiency in calcareous and sodic soils.

Flooding a soil depresses the electrical conductivity of the 
soil solution of saline soils because of dilution of the soluble 
salts. That benefits rice in saline soils.. When a soil dries, 
the water films on soil particles and on the roots increasingly 
become thinner, and the plants are subjected to an increasing 
concentration of salts. That causes severe osmotic stress and 
perhaps specific ion toxicities.

In dry or aerobic soils the end product of the mineralization of 
organic nitrogen is nitrate. When such a soil is flooded 
nitrate disappears within a few days, mainly as nitrogen gas. 
The loss of nitrate nitrogen averaged 26 kg/ha per season for 
280 Philippine wetland soils. Denitrification is one disadvantage 
of flooding rice-growing soils, but accumulation of ammonium 
benefits rice. The process of alternate wetting and drying 
increases nitrogen losses by denitrification, and can lead to 
substantial losses of nitrogen in fertilized rainfed wetland 
rice fields. On the other hand, drying and reflooding a 
submerged soil may increase mineralization of soil nitrogen, 
especially in unfertilized fields.

Nitrogen deficiency may occur in soils that undergo alternate 
wetting and drying before the establishment of an actively 
growing rice crop.
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Nutrient transformations and mineral stresses

Drying a submerged soil decreases the availability of phosphorus, 
iron, and silicon.

Phosphorus deficiency may seriously impair tillering, delay 
maturity, and redi.~e crop yield if the soil is dry for more than 
2 weeks during the first 8-10 weeks after sowing or transplanting 
of rice, especially on strongly acid soils. Iron deficiency 
can be severe on calcareous and sodic soils that remain dry for 
more than 2 weeks. Drying a sodic soil in the early stage of 
rice growth may aggravate calcium deficiency.

IMPLICATIONS FOR BREEDING

Apart from drought resistance, rices grown in rainfed wetland
fields should have tolerance for mineral stresses. These
mineral stresses depend mainly on the soil characteristics listed.

Neutral soils 

Strongly acid soils 

Acid sulfate soils

Calcareous soils 
Sodic soils

Saline soils

Desired tolerance

Iron deficiency, phosphorus
deficiency 

Phosphorus deficiency; iron
and manganese toxicities 

Aluminum and iron toxicities;
phosphorus deficiency 

Iron deficiency, zinc deficiency 
Iron deficiency; calcium

deficiency; zinc deficiency 
Osmotic stress

BREEDING FOR RAINFED WETLAND CONDITIONS

neglected ssue

Despite widespread adverse soil conditions and inherently low 
fertility of rainfed rice fields, work to adapt the rice plant 
to such conditions has largely been neglected. The lack of 
appreciation of varietal adaptation to adverse soils, however, 
does not imply that the matter is insignificant. Little 
attention has been paid to this area for several reasons:

• Varietal adaptability to adverse soils has been
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considered as part of the adaptability of rice to specific sites, 
often without identification of the specific problems involved.

r Scientists have only recently recognized the genetic 
diversity of varieties and their adaptability to mineral stresses 
as a possible way of coping with adverse soils.

• Most areas of existing adverse soils have been the 
objective of amelioration rather than being regarded as areas 
in which varietal adaptability would provide at least a partial 
solution.

Intermediate plant height and longer growth duration, which have 
specific advantages for rainfed wetland conditions, have been 
thought of in terms of adaptability to water regime. But the plant 
type may also relate to nutritional status of the rainfed field. 
Plants of intermediate height, winch can tolerate moderately deep 
water, would also be productive in areas of lower fertility, where 
the danger of lodging is leas. The optimum growth duration is 
affected by varietal character, cultural practices, and soil 
fertility, and longer in lower fertility as an adaptation to 
rainfed field.

So far there has been little organized work to distribute 
tolerant rices to problem-soil areas (except for salinity 
tolerance, in which specific projects have been conducted for 
3 decades). But some widely grown rice varieties have been 
found tolerant of one or two widespread soil problems.

Mahsuri had been grown in a rice project area in Malaysia 
where iron toxicity is widespread on acid sulfate soils. 
Repeated tests of Mahsuri at IRRI substantiate its tolerance 
for iron toxicity. This tolerance, which would be pronounced 
in acid lateritic soils, may partly explain Mahsuri's wide 
acceptance. In the wet zone of Sri Lanka, the bronzing problem 
is said to have decreased after 11-4 became popular among 
fanners.

Similarly 1ET 1444, which has been recommended in many 
states of India for its earliness and drought resistance, has 
been identified as tolerant of phosphorus deficiency (Katyal 
et al 1975). Some native rices in Thailand were recently 
found to perform well in phosphorus-fixing acid sulfate soils 
(Koyama et al 1973, Yagi and Jugsujinda, unpubl.)-

Many tall traditional dryland rices have been found tolerant 
of aluminum toxicity in aerobic acidic soil (Howeler and
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Cadavid 1976), although it is unlikely that those rices had 
been consciously selected for that soil problem. IR36 and an 
1R1514 line were recently noted for their higher tolerance for 
iron deficiency; they gave substantial yield increases when 
direct-seeded in an alkaline soil in the Philippines. Tissue 
analysis showed that 1R36 contained significantly more iron 
than a local check variety (Gines et al 1977) .

In many other instances, the reason for wider acceptance 
of a variety can be partly explained by its specific tolerance 
for adverse soils. An important conclusion from this under­ 
standing is that systematic testing for varietal tolerance 
for adverse soils and distribution of tolerant rices to problem- 
soil areas would help to stabilize rice production. Furthermore, 
the prerelease check of promising breeding lines against adverse 
soils, and the rejection of sensitive lines would avoid some 
unexpected lower performance of rice in farmers' fields. To 
provide farmers with varieties that perform well, even in 
nutrient-deficitnt soils, it is important to conduct performance 
tests under incomplete fertilization as it has been conducted 
at the International Institute of Tropical Agriculture (Alluri 
and Buddenhagen 1977) .

The occurrence of Helminthosporium disease has been related to 
nutritional deficiencies, especially of potassium. But this 
disease also seems to be associated with alkali soil problems 
(Tanaka and Yoshida 1970, Ismunadji et al 1973). In an alkali 
soil in Bohol, a local variety yielded best, but Helminthosporium 
severely damaged IR34 (IRR1 1978).

We observe in varietal tests in peat soils of Leyte 
(Philippines) and Palembang (Sumatra, Indonesia) that the 
incidence of blast .";•.":'•;<.';!':'.,• i .";•;•.;." is a factor limiting 
yield. Probably mineral deficiencies in plants that are well 
supplied with nitrogen would cause the association between 
blast outbreaks and peat soil problems. Some minerals, such as 
silica, are noted for their protecting role against blast.

Such incidences lead us to assume that improved rice 
capability for nutritional uptake would partially prevent 
disease infection. This postulate awaits further research; 
right now, it is worthwhile knowing that varietal adaptability 
to problem soils would complicate varietal resistance to 
fungal diseases.
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Implications of varietal tolciuruc for nutrition deficiency

No variety can tolerate acute deficiency of an essential 
element. But some varieties can more efficiently extract 
essential elements from soils in which such elements are 
deficient. A variety that tolerates phosphorus deficiency has 
a higher feeding power for soil phosphorus than a sensitive 
variety (Koyama et al 1973) . A variety tolerant of iron 
deficiency takes up more iron than a sensitive variety (Gines 
et al 1977). Therefore, tolerance for nutrient deficiencies 
can be defined as high feeding power for a soil nutrient that 
is normally unavailable.

Implications of the genetically improved feeding power for 
less soluble nutrients will be clear if the balance sheet of 
the nutrition is studied (Fig. 1) Varietal characteristics 
favorable for the rapid uptake of soluble nutrients as well as 
to utilization of less soluble nutritional elements would 
probably be beneficial in the total flow of nutrition, particularly 
in the soil where nutrients become easily fixed.

STRATEGY TO BREED AND DISSEMINATE ADAPTED RICE

Systematic screening of rices against major soil problems, 
which was implemented in 1972, has shown that rices respond 
differentially to excess of toxic elements, nutritional 
deficiencies, or to complexes of those factors in acid-sulfate

Crop 
residue

Possible role of 
Improved feeding 
power fix less 
jo tub to nu1r«nti

1. Possible role of improved mineral uptake in the balance slieet of nutrition.
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or in peat soils (Ponnamperuma 1977) . A remarkable finding 
from this problem is that many advanced breeding lines from 
general breeding programs seem to have excellent tolerance 
for problem soils. This tolerance possibly comes from widely 
accepted source varieties and is enhanced by genetic 
recombinations of physiological traits into varieties that are 
often more superior in tolerance than their parents.

The two breeding objectives are incorporation of better 
agronomic traits and pest resistance into the existing level of 
adverse soil tolerance (horizontal improvement), and enhance­ 
ment of the existing level of tolerance (vertical improvement). 
The possibility of vertical improvement would be enhanced 
by more intensified approaches, but horizontal improvement is 
presently accessible and potentially profitable if an appropriate 
system is developed.

When planning an appropriate dissemination program, three 
points should be considered:

1. Although differential tolerance of rice for each
problem has become familiar to rice workers, little 
work has been done to relate such tolerance to actual 
yields in suboptimum soil conditions, which would be a 
characteristic feature of rainfed wetland soils. An 
IRR1 program focuses on this but more research is 
needed because soil problems are site specific.

2. An understanding of the recovery of tolerant plant
materials from general breeding programs is essential. 
So far it seems highly possible to find elite breeding 
lines with good tolerance for adverse soils (except 
salinity tolerance). This suggests that systematic 
screening of advanced breeding lines from international 
and national programs should yield l.-'.nes suited to 
various problem soils. Screening should be conducted 
in adverse soils that are uniform and extensive enough 
to accommodate a large number of materials and that 
are easily accessible to and manageable by rice 
scientists. The search for and utilization of such 
fields would be beneficial to each national project.

3. To disseminate material adapted to each of the adverse 
soil conditions, it is important to survey such areas 
and map the soil problem in each country, particularly 
for rainfed wetland rice.

An international collaborative project will be necessary 
to implement the above activities and facilitate the flow of 
materials and information. Flexibility should guide the
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selection of materials for testing: a large number of early 
generation pedigree lines could be efficiently used in a well- 
equipped station, but a few of the best selections with assured 
tolerance could be provided to small local stations. A 
composite of varieties and lines should be tested for areas of 
complex mineral stresses, where there are Histosols and acid 
sulfate soils.
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Land preparation and crop establishment for rainfed lowland rice

S. K. DE DATTA, R. A. MORRIS, and R. BARKER

Millions of experienced rice farmers prepare land for a rainfed 
rice crop guided by their judgment of soil texture, soil moisture 
and rainfall patterns, topography, and degree of weed infestation. 
They use tillage methods that are within their labor and power 
resources. .Stable yields and high returns are the objective of 
their field work but regardless of the strategies they use, yields 
vary from year to year and field to field. Thus, when deciding 
on tillage ami stand establishment methods, farmers who grow 
rainfed rife must keep in mind the expected, but often uncertain, 
rainfall.

For any crop, tillage practices greatly affect plant growth 
during the germination, seedling emergence, and stand establishment 
stages ([.arson 1963).

Tillage practices that create conditions for rapid intake 
and temporary storage of water in the surface soil or in the 
tilled layer are needed to prevent runoff. If a farmer is asked 
why lie performs a particular tillage operation, he may give 
different reasons. It is therefore imperative to seek answers to 
the questions relating to every tillage operation: Is it 
necessary? Would the crop grow as well or perhaps better without 
it? Is there value in plowing to loosen the soil only to repack 
it to the same bulk density it had before plowing? These and 
other questicns should be carefully postd to select tillage 
practices based on sound scientific research (Blake 1963). Our 
discussion centers on land preparation anJ crop establishment 
methods for lowland rainfed rice. We examine tillage operations 
and establishment methods and discuss how they may vary depending 
on the moisture available1 r rom rainfall, soil factors, and 
resources available to the f.irmer.

SYSTEMS OF LAND 1'REPARATION AND CROC ESTABLISHMENT IN 
RAINKEI> LOWLAND RICE

Eor rainfed rice, the onset of the monsoon and, thus, the day 
length and solar radiation available during the growing season

Agronomist. Department of Agronomy, agronomist. Cropping System Program, and 
agricultural economist. International Rice Research Institute, Los Bafios. Philippines.
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determine planting time. Usually, tillage for ruinfed rice is 
performed either when soil water is nearly saturated or saturated 
(wetland tillage) or when soil water is at less than field 
capacity (dryland tillage). A puddled seedbed is the objective 
of wetland tillage whereas a loose, granular seedbed is the 
ol-j-ctive of dryland tillage.

i'i'i :.".••:.: ::'."„"•.;. .Y. Before an alternative tillage method is 
advocated, the benefits of land preparation by traditional 
puddling must be considered.

During plowing, weeds and stubble are plowed under. 
Harrowing — actually several harrowings at shallow depths before 
rice seedlings are transplanted — turns the remaining weeds and 
stubble into the reduced soil layer. The lack of oxygen in the 
reduced layer inhibits weed germination and greatly reduces the 
weed population (De Patta 1973). In addition, soil puddling 
caused by tillage substantially increases the water retained by 
the soil (Fukuda and Tsur.sui 1968, Sanchez 1973, De Datta and 
Kerim 197&, Wickham and Singh 1978). Because puddling reduces 
the chance of soil drying, the rainfed puddled system should 
produce a higher rice yield than a rainfed nonpuddled .-ystem.

The soil's penetration resistance decreases drastically after 
a soil has been soaked only a few days (Choon 1974). That 
decrease has two important implications.

• Draft requirements for plowing come into a range suitable 
for draft animals and power tillers.

• The soil's load-bearing capacity decreases and rolling 
resistance increases, both of which hamper tillage by 
large tractors.

U"hen clay soils are plowed and harrowed at about soil 
saturation, several changes — for example, markedly reduced air- 
filled pore volume, lower permeability, increase in moisture 
suction, lower resistance to raindrops, and increase in 
deformability -- take place in the soil (Koenigs 1963). An 
important difference between a dry soil and a puddled soil is the 
presence of oxidized and reduced soil layers. Ponnamperuma (1977) 
discussed electrochemical changes of submergence and the beneficial 
effects of reduction on the availability of nutrients to rice.

Although it involves a great amount of labor, puddling as 
practiced in much of tropical Asia has been widely accepted. The 
major advantages of rainfed wetland tillage are as follows:
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• Improved weed control.

• Ease of transplanting.

• Establishment of a reduced soil condition, which improves 
soil fertility and fertilizer management.

• Reduced draft requirements for tillage.

• Reduced percolation losses, and therefore conservation 
of rainfall as standing water during crop growth.

• Time delay imposed by puddling requirements increases 
chances of sustained rainfall.

The major disadvantages of wetland tillage for rainfed rice 
follow:

• Delayed planting and harvesting, which may subject the 
crop to late season drought or reduce the possibility of 
successfully growing a second rice crop.

• The transplanting labor requirement (where topographical
characteristics dictate transplanting must be practiced
to avoid seed and young seedling submergence).

• Limitations on characteristics of power units suitable 
for tillage in wetland fields.

Ocw er,tabl-;.i;'rjr:ent '>:^tkor. folloisina us timid tillage. Once 
a soil has been puddled, manual transplanting of 20- to 40-day- 
old seedlings is by far the most common method. Broadcast 
seeding of pregerminated seeds ranks a distant second. Other 
methods such as mechanical transplanting, dapog transplanting, and 
drilling of seeds have not been perfected for use in rainfed 
fields.

Water control is more critical for broadcast-seeded than 
for t-ansplanted rice. Broadcast seeding of pregerminated seed 
iias limited adaptation to the rainfed rice field because of the 
requirement of good drainage control, which means that the rice 
fields must he on land with sufficient slope to drain away 
undesired water from early heavy rnlns. Furthermore, broadcast 
seeding requires a puddled surface that is level and smooth so 
that water will not accumulate in depressions and drown seedlings 
•ihoflly after germination.

Where paddies are located in landscapes with enough relief 
to effect timely surface drainage ann reduce flooding after
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intense early rainstorms, farmers can broadcast-seed rice with 
minor stand loss. In a Philippine Bureau of Plant Industry-lRRt 
croppine systems projrct at Tloilo, farmer-cooperators achieved 
high yields for the .irst crop in a rainfed 2-crop pattern for 
2 years through broadcast seeding methods (Table 1). The 
broadcast method reduced labor input and eliminated the difficulty 
in making proper seedling age coincide with completion of puddling 
for transplanting.

Weed control is an important consideration in determining 
whether transplanting or broadcasting should be used as a method 
of planting. Weed problems are greater in the broadcast-seed 
method than in transplanted rice (De Datta and Bernasor 1973).

Rainfed dryland tillage

Dryland tillage for lowland rice production in tropical Asia is 
practiced on a limited area. However, recent technological 
advances may cause an increase in area where dryland cultivation 
is suitable.

For many years, farmers in Bangladesh, northeast India, and 
Indonesia have seeded rainfed wetland rice directly on nonpuddled 
soils in bunded fields at the beginning of the rainy season. 
This method of rice culture is called aus cropping in Bangladesh 
and northeast India, and scao rancak in Indonesia.

The method takes advantage of early rainfall and allows time 
for a second crop of rice to be grown. The soil is tilled dry 
either manually or by animal-drawn implements. Often, the field 
is not prepared to a fine surface, rice does not germinate 
uniformly, and weeds grow vigorously. The lisk of drought damage 
also increases.

Tablf i. K.ir-.-r-fo6;i«T.itcr yi'-l-'- t.f 
ralnfi-d d irL'ct-sredtd and t ransji l.int * •-) 
Hollo province. Philippines.

Season

1976-77

1977-78

Obser-
vat Ions

(no.)

41

22

Yield
(t/ha)

5.1

5.9

SI.
(t/h.i)

1.5

!. 1

IHr.i t-.,.-.. vn i .invpl.mti-ii
OtmtT- f».ser-

vatU.nii Uvl! Sli vitl(,n> Yl.-lil SH
(n,).) (t/h.l) (t/!..i) (no ) (t/h.i) (t/ll.i)

i? 2.2 I.*. i l.i H

1 ) 1 . '. 1.8 9 1.7 1.2

— SD - standard dtviation.
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The auc and gogc rancah systems evolved locally in response 
to biological, physical, and economic factors. However, the 
following developments may make dryland tillage techniques 
economically feasible for a wider area:

• Early-maturing modern rice cultivars allow the growing 
of two rice crops if the first crop can be harvested 
sufficiently early.

• Power tillers and small tractors are manufactured in 
several tropical Asian countries at comparatively low 
costs and can be used for tillage and interrow cultivation; 
the greatest problem of using the aus and gogo rancah 
systems over wider areas is a need for quick tillage of 
a dry field.

• Low-cost herbicides aid in combating early weed growth.
• Expanding population pressure, which simultaneously 

increases food demand and increases the agricultural 
labor force, has put more pressure on the land for 
increased food production.

Dry seeding of rainfed rice was tried recently in limited 
areas in the Philippines. In applied research trials at Bulacan, 
it was observed that on land prepared at the end of the previous 
wet season, a newly emerged rice crop survived a period of drought. 
In contrast, a crop seeded at the same time on land prepared just 
before seeding suffered considerable drought damage. It was 
suggested that crop survival was due to the availability of soil 
moisture covered by a soil mulch during the dry season.

Bolton and De Datta (1977) ran experiments at IRR1 in the 
dry and wet seasons to verify the conservation of soil moisture 
by a soil mulch, and to determine whether moisture was conserved 
because of weed control or because of the dry soil mulch. They 
also compared the time required for early dry needing of a rice 
crop after the dry soil mulch and that requir .: for transplanting 
a crop after traditional wetland tillage.

Plots where land preparation was at the end of the previous 
wet season had a dry soil mulch from February to May. The soil 
moisture tension (SMT) under the mulch never exceeded 33 centibars. 
In contrast, the SMT in weedy-fallow plots was 5 bars at a depth 
of 15 cm by the end of the dry season despite a water table 
within I m of the soil surface during the whole period. Weed- 
free until led plots conserved some moisture, but not as much as 
that conserved with the dry soil mulch (Fig. 1). Use of a dry 
soil mulch has potential in conserving soil moisture for early 
direct-seeded rice.
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Soil moisture tension (bars)
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1. Soil moisture tension under a dry soil rnulcfi did not 
exceed 33 centibars at any time during the 1976 dry season. 
Some moisture was conserved by keeping the plots 
weed-free, but moisture tension was higher than in ihe 
soil mulched plots. Plots that were (allow and on which 
weeds were allowed to grow had 5 bars of soil moisture 
tension at a 15-cm depth by the end of the dry sea;on. 
IRRI. 1976 (Bolion and De Datta 1977).

During the 1977 crop season, Singh and De Datta (1978) 
conducted a similar experiment. The tillage treatments are 
summarized in Table 2. All dry season treatments were followed 
by a dry-seeded crop, except for a weedy fallow followed by 
puddling and transplanting, the system practiced by most rice
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SMT (bars)

02

Deep tillage (2O cm)

0.4

02

Straw incorporation

Feb Mar Apr May Jun Jul

2. effect on soil moisture tension of a dry soil mulch generated by shallow tillage 
(10 crn deep) and deep tillage (20 cm deep) and straw incorporation at 5 t/ha 
110 cm deep) during the dry season followed by |fb) a dry-seeded rice crop. Tillage 
consisted of 3 rotovations in January-February fb 1 renovation in April. Rices 
were dry-seeded on 30 Aonl. IRRI, 1977 dry and wet seasons (Singhand De 
Datta 197SI.

farmers in rainfed areas in tropical Asia. The latter treatment 
was not part of the main experiment but was imposed adjacent to 
the main experimental plots. Four cultivars (1R1529-430-3, 
IR2035-117-3, IR9575, and IR20) were dry-seeded or transplanted 
as subplots on the main tillage-mulch plots. Because the four 
cu'tivars had different growth durations, harvesting occurred 
over a range of dates for all tillage treatments.

During the dry season (February to late May), after shallow 
tillage (10 cm), deep tillage (20 cm), and straw Incorporation, 
SMT did not exceed AO centibars when land preparation was 
completed at the end of the previous wet season (Fig. 2). By
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comparison, SMT at 15 cm in weedy-fallow plots rose to 5 bars by 
the end of the dry season (Fig. 3). SMT was lower in weed-free 
fallow and straw-mulch treatments (Fig. 4), than in the weedy- 
fallow treatment (Fig. 3), but higher than in treatments 
involving tillage operations during the dry season (Fig. 2).

Straw mulching and weed-free fallowing during the dry season 
conserved about equal soil moisture, but the amount was less 
than that conserved with shallow tillage, deep tillage, and straw 
incorporation. Furthermore, after the dry season shallow tillage, 
deep tillage, and straw incorporation, rice could be seeded 2 
days earlier than after the weed-free treatment, 10 days earlier 
than after the straw-mulch treatment, and 2A days earlier than 
after the weedy-fallow treatment. Insufficient rains for 
puddling delayed land preparation for the transplanted crop until 
the beginning of July. Harvest dates were 5 to 8 weeks later 
than those of the same cultivar planted with one of the dry- 
seeding tillage systems. Thus, two crops of transplanted rice 
could be grown on dry-seeded plots, but only one could be grown 
on puddled soil.

SMT (bars)

Feb Mar Jun

3. E. fleet on soil moisture tension of a dry season weedy fallow 
followed by a transplanted rice crop. Tillage consisted of 2 plowings 
and 2 borrowings. The sconced was sown 22 June and seedlings 
weru transplanted 20 July. IRRI, 1977 dry and wet seasons (Singh 
and Di; Datta 1978).
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SMT(bors) 
30

2.5

20

1.5
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05 -
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Straw tnukh 
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2.0
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0

Weed-free fa/low
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4. Effect on soil moisture tension of straw mulch at 5 t/ha (without 
incorporation) and weed-free fallow treatments during the dry season 
followed by a dry-seeded rice crop. Tillage consisted of 3 rotovations in 
straw mulch and 2 rotovations in weed-free fallow plots. Rices were 
dry-seeded on 10 May and 2 May in straw mulch and weed-free fallow plots, 
respectively. IRRI. 1977 dry and wet seasons (Singh and De Datta 1978).
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Yields from all tillage treatments are in Table 3. Varietal 
differences were apparent. Across tillage treatments, 1R9575 
yielded highest (4.4 t/ha) and 1R20 lowest (2.4 t/ha), but a 
variety-tillage interaction was not detected.

The 1RRI studies demonstrated moisture conservation in a 
montmori1lonite clay soil with a dry-soil mulch during the dry 
season. Most of the moisture was conserved by soil mulching, not 
by weed control. Although such stored moisture could be of 
value to rice seedlings encountering drought at the onset of the 
wet season, a major benefit of early dry season land preparation 
is time saved for the following wet season crop. The earlier, 
more timely establishment of the first crop allowed a second 
crop Inter in the wet season. Although the second crop produced 
considerably lower grain yield than the first, the two-crop total 
for rainft-d dry-seeded rice was 2 t/ha higher than that for the 
transplanted rice grown after weedy fallow (Table 3). Yields 
were also poor for a weedy fallow during the dry season, followed 
by first a dry-seeded and then a transplanted crop.

Using a somewhat different approach to examine the effect 
of preseason tillage on rainfed rice yields in Surinam, 
Hasselbach and van Ants on (1965) found differences due to ear..'' 
and late fallow period disking on soils with a long history o, 
rice production, even though soils were puddled before p.,..nti:g 
and after all disk treatments. Preseason disking increased 
yields by as much as 1.1 t/ha. In a follow-up test, both late 
disking nnd wet fallow produced statistically significant 
responses on 23 yellow mottled and 9 sandv rlav soilSj but not on

UYi-Jv W,-,-.!v
t.illi"., I .ill.-.-.

r.''-"""'''"'''' ' r -' ns l'' •"" -'

'AV -il •'. vvi>lli:.itl«\» .m>l -'. v.irl'lli-s. ^Not Inrliidi,. In th>' i'xr ,'i !:; i-i.t .m.ilysis
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7 other soils. The responses were 0.29 t/ha and 0.25 t/ha, 
respectively, for fallow period disking and flooding. There was 
no interaction between treatments. These experiments suggest 
that other factors besides soil water conservation may lead to 
increased rice yields following dryland preparation.

The type of tillage a farmer chooses depends on a number of 
factors, but in tropical Asia, the puddling system evolved out 
of necessity. If there is a switch to direct-seeded rice on 
dry soil, the puddling process must be evaluated against salient 
land and rainfall factors.

The major advantages of dryland tillage for rice follow:

t Initial crop growth is obtained from early monsoon 
rainfall; in wetland preparation the rainfall is used 
for land-soaking and puddling.

• Labor- associated with seedbed preparation-land preparation- 
transplanting operations is reduced.

• Large pover units can be employed for primary and 
secondary tillage operations.

• Where a nonrice crop follows an unpuddled rice crop, soil 
structure is more favorable for stand establishment and 
root development of the nonrice crop.

• Insect and disease sources that increase on alternate 
hosts during the period required for wetland soaking and 
puddling are avoided.

Dryland preparation has some major disadvantages:

• Draft power requirements are high and often beyond the 
financial reach of rice farmers in the Asian tropics.

• Early weed control requirements are comparatively 
exacting and critical.

• Percolation losses are comparatively high, leaving the 
crop more susceptible to periodic drought stress.

• The crop may be exposed to several soil-inhabiting
insects and to blast before the accumulation of standing 
water.

• Fertilizer requirements will often be higher.
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Crop establishment methods folloi'ing dryland tillage

As with puddling, dryland tillage restricts methods of rice crop 
establishment. To most farmers of tropical Asia, mechanical 
drilling is not a foreseeable alternative. Common alternative 
methods are:

• broadcast seeding on a level field,

• broadcast seeding over shallow furrows and passing a 
spike-toothed harrow at 45° to concentrate seeds in 
rows,

• hand-drilling — placing seed in shallow furrows opened 
by an animal-drawn apparatus — and

• dibbling seed so that seedlings emerge in hills at uniform 
spacings.

Broadcast method. Few experiments have compared dryland 
tillage methods for establishment of rainfed lowland rice. One 
such comparison we made showed little difference between grain 
yield obtained by broadcasting on leveled field and seeding on 
furrows opened with a lithao (Table 4). The lithao is 
satisfactorily used on loose upland soils, but not on heavy, 
cloddy wetland soils. Furthermore, the lithao method requires 
extra field operations.

Hand-drill method. Hand-drilling produced yields that 
averaged more than 4 t/ha on 48 fartner-cooperators' fields 
during the 1977 wet season in Pangasinan (Table 5). The table 
includes data combined for rainfed and partially Irrigated fields, 
but the effect of irrigation was nil during the wet season. 
Rainfed yields were in fact higher. Of the 48 observations, the 
first 24 farmers to plant obtained yields that averaged 0.4 t/ha 
more than on the other 24 farms.

Dibbling method. The dibbling method permits easier weed 
control and produces an environment less suitable for insects and 
diseases. Moreover, placement of the seed below the soil surface 
may reduce lodging susceptibility. Dibbling in dry soil is 
practiced in parts of Java. Scientists of the Central Research 
Institute for Agriculture report that yields exceed 4 t/ha if 
adapted varieties are gr<-vn with appropriate fertilization and 
weed control (Fagi 1974, Saefuddin et al 1978). Dibbling is 
labor-intensive, but as water accumulates in the field, the 
farmers use a two-direction rotary or landak weeding, which 
improves weed control.
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Table A. Grain yields (av of 1R1561-228-3 and IR30) as 
affected by 7 patterns of rainfall In the Philippines and 
2 methods of stand establishment by dry seeding.

Rainfall pattern3

A
B
C
0
E
F
G

Grain vleld
Dry-seeded in rows 
opened with lith'ic*

3.2
1.9
4.2
2.1
2.9
5.3
4.5

(t/lia)
Dry-seeded 
broadcast

3.3
2.3
3.8
2.1
2.9
5.5
4.8

3.5

^Description of rainfall pattern not essential to comparison 
of the two seeding methods. In the Philippines, rainfall 
pattern Type A and Type B each have a long wet season (WS) 
during the high sun period (HSP) (April through September); 
pattern A has a 5-month dry season (DS) and pattern B has a 
4-month DS. Type C and Type D each have a short DS (1-3 
months). The DS of Type C occurs during the low sun period 
(LSP) (October through March) , while the DS of Type D is 
during the HSP. Type E and Type F each have a narked WS of 
heavy rainfall; the US of Type E occurs during the LSP and 
the WS of Type F is during the HSP; Type G has an even 
distribution of rainfall with no narked seasonality.

^he li*kao is a carabao-drawn farm Implement with 5 teeth 
spaced at 20 cm. It is used primarily to make furrows in 
planting upland rice, and is indigenous to the provinces 
of Cavlte and Batangas, Philippines.

Table 5. Yields of dry-seeded rice, 48 farmers' fields, 
combined rainfed and partially irrigated observations. 
Crop year 1977-78, Manaoag, Pangasinan, Philippines.

Yield rjnge Observations Av yield 
(t/ha) (no.) (t/ha)

3.5 7 3.1
3.5 < 4.5 16 4.2
4.5 < 5.5 17 5.0

' 5.5 < 6.5 5 6.1
> 6.5 _3_ 6.9

48 5.06
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Two 1977 wet season experiments in rainfed fields determined 
how far in advance of the onset of rains rice could be seeded in 
dry soil without adverse emergence, stand establishment, and yield 
effects. We found that seed could remain in the soil for several 
weeks without major adverse effects. That implies that farmers 
can plant rice well ahead of the onset of the rains if land can 
be prepared (Table 6). Regardless of planting date, seed planted 
before the onset of rains germinated after the initial soaking 
rains.

INCREASING YIELDS OF THE SECOND RAINFED RICE CROP

With modern, early maturing rice varieties, the possibility of 
increasing rice production by growing two rainfed rice crops is 
a viable possibility in regions receiving 6-7 months or more of 
rainfall at a rate exceeding 200 mm/month. In some areas with 
only 5-6 months of rainfall, two rainfed rice crops are possible. 
The performance of the second crop depends heavily on avoidance 
of late season drought. Three major considerations for reduced 
drought stress on the sacond crop are:

1. earliness in planting of the first crop,
2. second crop establishment method, and
3. reduced, faster tillage for the second crop.

Table 6. Effect of seeding dace on yield of dry-seeded rice 
In Pangaslnan and Hollo, Philippines, 1977 wet season.

Pflngasinan

Seeding dace Yield (t/ha)

Hollo

Seeding date Yield (t/ha)

22 April
27 April
2 Hay
7 May

12 Hay
17 May
22 May
27 Hay

Treatment MS

8-
X

c.v. u>

4.5
5.0
4.9
4.6
5.1
4.6
5.0
3.9

652899ns

300

13

6 May
11 May
16 May
21 May
26 May
31 May
5 June

10 June

537695nS

371

18

3.6
4.2
4.0
3.7
3.8
3.7
4.5
4.5
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Rainfall (cm) 
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5. Time of seeding and harvesting of direct-seeded IR1529-680-3 arid transplanted 
IR20 in relation to amount of rainfall. Sat' Rafael, Bulacan, Philippines. 1973 
wet season. IRRI, 1974. S = seeding, T = tilling, H = harvest.

Early planting of first vrop

Early first crop plantings are possible through dry-seeding, as 
mentioned previously. Figure 5 shows the differences in time of 
harvest between dry-seeding of IRl529-680-3 and transplanting of 
IR20 in a Philippine study (IRRI 1974). IR20 was not transplanted 
until sufficient water had accumulated to allow puddling in late 
July.

IRRI water management research shows that from 200 to 700 mm 
of water is used during the land preparation operations before 
rice transplanting (Wickham and Sen 1978). Analysis of rainfall 
data indicates that a dry-seeded rice crop in experiments at 
Pangasinan and Iloilo, Philippines, completed 30-50 days of 
growth before 400 mm of rainfall had accumulated.

Dry-seeding gave a net time saving of more than 4 weeks for 
the second rice crop in Pangasinan but only of 1 week in Iloilo, 
assuming 3-week-old seedlings would have been transplanted as
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the first crop after the fields wero puddled. Similar advantages 
attributable to dry-seeding of the first crop were obtained by 
Singh and De tlatta (1978). They showed that the delay in 
transplanting the first crop on a puddled soil left insufficient 
time to plant a second crop within the same season.

Second crop establishment

Transplanting may reduce the field duration of a second crop by 
2 or 3 weeks, lowering the risk of late season drought stress 
during the critical grain-filling period. Evidence of this 
effect is in Table 1 — higher yields and lower yield variability 
associated with transplanted second crops compared with those 
associated with direct-seeded crops. Furthermore, the frequency 
of crop failures after direct-seeding was twice that for 
transplanting.

Second crop tillage

Another factor in delayed planting of a second rice crop is the 
time to prepare land for the second crop. Studies in several 
rice-growing regions of Asia — Sri Lanka (Mittra and Pieris 
1968), Malaysia (Scth et al 1971), Indonesia (Varley 1970), and 
the Philippines (Moomaw et al 1968, De Datta et al 1977) — 
demonstrate that the degree and duration of tillage operations 
may be substantially reduced without adversely affecting crop 
growth and yield of rice. However, the trials were conducted at 
experiment stations with mechanized tillage, and most had good 
water conditions. Reduced tillage operations and reduced 
turnaround time for rainfed rice systems require study with 
farmers' resources and tillage implements.

ECONOMIC FACTORS AFFECTING CHOICE 
OF LAND PREPARATION AND CROP ESTABLISHMENT

As already noted, a wide range of land preparation and crop 
establishment practices is being used because of a wide diversity 
in the rainfed rice-growing environment. Ultimately, the choice 
of appropriate land preparation and crop establishment in a 
given area is determined by the benefits and costs associated 
with alternative methods. The benefits can be measured in terms 
of higher yields, greater cropping intensity, or reduction in 
risk of yield loss. The costs include power for tillage, planting 
or transplanting labor, and weed control.

In much of the rainfed rice-growing environment, delayed 
planting results in a yield loss because of the greater probability
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of drought in the crop-ripening stage and a change in environmental 
factors such as solar energy and temperature. The pattern of yield 
reduction varies from year to year and from place to place and 
evan among varieties.

An example of the types of yield reduction encountered is 
illustrated in Figure 6, which is based on three surveys in a 
rainfed rice-growing area of Central Luzon. Modern varieties 
were grown on two-thirds of the farms as early as 1971. As the 
harvest extended into November and December, the average yield 
reduction appeared to be about 30 kg/day. However, the 
introduction of 1R36, an early maturing variety (100-110 days 
for IR36 vs 120-140 days for 1R8 and IR20), had a dramatic impact 
on production and yield because fanners advanced their harvesting 
date.

It takes about a month after the onset of rains before there 
is sufficient moisture for puddling. Thus, rainfed area farmers 
typically transplant and harvest a month later than many farmers 
with good irrigation. It is practical in many rainfed areas to 
consider alternative methods of land preparation and planting.

Gram yield (I/ha)

1971 -IKS

1st 2d 3d 4th 1st 2) 3d 4th 1st 2d 3d 4!h 1st 2a 3d 4th
|———s«p —————I————Ocl————I—————Nov————I—————Dec————I

Dote of harvest

6. Average rice yield of the most widely planted variety in each 
of 3 years, by date of harvest, in rainfed areas of Bulacan and 
Nueva Ecija, Philippines. 1971 to 1977. (The figure above each 
bar refers to percentage of area harvested).
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Power* requirements

A study by Orcino and Duff (1974) determined power requirements 
and yield'differences when rice fields were prepared with 
different combinations of animal and tractor power on three 
irrigated and one rainfed site (Table 7,8). It cannot be 
assumed .from the results that tillage of rainfed soils typically 
requires more power input per hectare. However, penetrometer 
readings on the rainfed soil were twice as high as those in the 
irrigated soil, indicating that the rainfed fields were not as 
well soaked. If a water buffalo works 6 hours/day, a hectare of 
rainfed Kapalangan soils can be prepared in about 3 weeks. But 
there is only from 0.5 to 1.0 working animal/ha on rainfed farms 
in this area. Thus, with the animal power available, a month or 
more may be required to prepare a hectare.

An economic survey in the same rainfed barrios indicated 
that use of 4-wheel tractor for primary tillage reduced land 
preparation time from 37 to 27 days (Bautista and Wickham 1974). 
Assuming that this reduction in time could be translated into 
higher yields (Fig. 6), the value of the 300-kg additional yield 
is only slightly higher than the custom rate for rotovating 1 ha. 
A few farmers hire tractors, but only when planting is delayed 
because of late rains. The average rainfed-area farmers, who 
grow only 1 crop of rice and obtain yields of less than 2 t/ha, 
cannot afford the power investment needed to reduce the time 
required for puddling and transplanting the monsoon crop.

Table 7. Land preparation treatments In 3 barrios, Nueva Ectja, 
Philippines, 1973 wet season.

Treatment __________Land preparation method___________
_____ Primary_______ __ Secondary**_____ 

_________Power source Implement powe. source Implement

I 65-hp tractor Rotary Carabao Comb
tiller harrow

2

3

4

5

U-hp

7-hp

Water

Uater

tiller

tiller

buffalo

buffalo

Rotary
tiller

MoldbturU
plow

Moluboarii
plow

Moldboard
plow

Carabao

7-hp tiller

7-hp tiller

Carabao

Comb
harrow

Comb
harrow

Comb
harrow

Comb
harrow

Secondary Ullage consists of 2 passes over the field repeated 
3 times at 1-week Intervals. Source: Orcino and Duff 1974.
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Table 8. Site characteristics, soil conditions, and level of 
inputs used in land preparation trials in 3 barrios, Nueva Ecija, 
Philippines, 1973 wet season.

Site Labor Inputs (hour/ha) Soil penetrometer Mean 
treatment . reading3. yicldt 

Plow harrow Total (depth in cm for (t/ha)
__________________________ 35 psi) _________

Tl 4 30 34 11.5 3.85
T2 6 30 3b 12.1 3.80
13 12 12 24 11.5 3.65
T4 27 11 38 12.3 3.88
T5 27 31 58 11.2 3.74

Tl 5 40 45 6.8 3.97
T2 8 41 49 8.8 4.00
T3 13 21 34 7.5 4.U
T4 34 20 54 7.7 4.01
T5 32 40 72 8.6 3.94

Pulo II W.vp hu\ifin)

Tl 4 42 46 10. 9 3.53
T2 7 42 49 10.9 3.57
T3 9 20 29 11.0 3.65
T4 27 21 48 9.0 3.57
15 27 39 66 9.3 3.71

Y^ialar.nn (rein fed)

Tl
T2
T3
T4
T5

7
11
-

61
63

47
53
-

21
66

54
64
-

82
129

6.6
6.0
-

5.1
6.2

3.08
2.93

-
2.97
3.01

At beginning of land preparation. Averaged over the 3 weed 
treatments. Source: Orcino and Duff 1974.

Double cropping

The introduction of a short season variety such as IR36 clearly 
has a much greater impact on production and profits than the 
increase in farm power. The situation may differ in areas where 
double-cropping is feasible.

IRRI cropping systems research (municipalities of Oton and 
Tigbauan, Iloilo province, Philippines) provides one example of 
a rainfed area that can be partly double-cropped. Lands prepared 
before 1 July are wet-seeded (broadcast on puddled soil) to early 
maturing varieties. The wet-seeding method saves time and labor, 
and facilitates the growing of two crops (Table 9). Yhere
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Table 9. Host important advantages and disadvantages of 
planting wet-seeded rice reported by 39 farmer-respondents 
in Hollo, 1976.5

Advantages and disadvantages Farmers reporting (t)

Advantages

Labor IB lese.
Cost Is lower.
Double-cropping poa.tlblc
More tillero
Good yield

Disadvantages

Water availability early In season
Weed problem
Risk is great.
High seed requirement
High fertilizer requirwnent

74
72
61
51
46

67
67
61

Source: Roxas et al 1977.

appears to be little difference in yield between wet-seeded and 
transplanted rice, although this observation is not well documented. 
On lands prepared after 1 July, late maturing varieties are 
transplanted and only a single crop is harvested.

The Iloilo case shows a particularly skillful adjustment by 
rainfed farmers to make more efficient use of limited power and 
water supplies. Although animals are now the principal source 
of power, the potential for increasing productivity by double- 
cropping may require medianizat.'.on of land preparation in the 
future.

On much of the central plain of Thailand, water control is 
poor. Land is tilled dry, and rice is sown on dry soil before 
the rains come. Since weed control is a serious problem, yields 
are substantially lower. Where water control is adequate, 
fanners normally shift to transplanting. But one study 
(Lokaphadhana 1976) shows some farmers switching from transplanted 
to wet-seeded rice. The situation appears to be similar to that 
in Iloilo where two crops of rice are grown. The major reasons 
Thai farmers gave for broadcasting and transplanting are in 
Table 10.

Labor costs

Perhaps the most dramatic shift in method of rice stand 
establishment in recent times occurred in Burma. The motivating 
force was a rise in the wage rate for labor relative to the farm 
rice price. Richter (1976) reports that as a result of the wage- 
price changes, an estimated 1.4 million ha of formerly 
transplanted land was broadcast-seeded and the estimated 
reduction in yield was 0.5 t or more per ha.
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Table 10. Major reasons given by a sample of 94 fnrmcrsa for 
either broadcasting or transplanting rice. Amphoe Bang Nam 
Prieo, Changwat Chachoengsuo, Thailand, 1975.

fo." btvadjzativg nr.l-., (r? 1;)

Cost is lower.
Cost is lower and yield is sane

or higher. 
Labor is -ess. 
Other reasons

for transplzntir-j ort l^ (IC'ZJ

Sure that yield will be higher 
Weeds are easier to control, 
less fertilizer is required. 
Other reasons

Farmers reporting (X)

38

26
23
II

100

33
17
15
35
100

"Source: Lokaphadhana 1976.

Weed control

The decision on method of tillage for rainfed rice is also 
related to weed control. Land preparation is in fact a form of 
weed control. More thorough tillage reduces the weed problem 
later. But we have clearly observed that rainfed farms are likely 
to be underpowered. Furthermore, intermittent rains lead to 
drying of the paddy, which not only encourages weed growth but 
also makes it impossible to recommend the inexpensive preemergence 
herbicide treatments used in irrigated areas. If weeds are not 
adequately controlled in the early stages of stand establishment, 
the yield losses in broadcast rice .nay be severe. That is one 
of the risks particularly associated with dryland preparation.
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Influence of water-related factors on land preparation, cropping intensity, 
and yield of rainfed lowland rice in Central Luzon, Philippines

S. I. BHUIYAN. T. H. WICKHAM, C. N. SEN. and D. CABLAYAN

BACKGROUND

About 502 of the lowland rice hectarage in South and Southeast 
Asia, which contributes about -42.-' to total rice production, is 
completely dependent on rainfall (Barker 1970). In the 
Philippines about 47;': of the rice area is rain fed lowland rice 
and the average yield is about 1.5 .'./ha. In Central Luzon, the 
"rice bowl" of the Philippines, rainfed lowland constitutes about 
33? of C:ie region's total rice production area and yields 
approximately 1.9 t/lia (Table 1).

Research trials under lowland rainfed conditions have 
consistentIv yielded 3 to •'< t/ha, even higher, in Central Luzon 
(1RRI l c-7't). What factors are responsible for the low vields 
in farmers' fields? Of all possible factors, water availabi1itv 
certainly plays a crucial role. The rainfed paddies often suffer 
from periodic drought and the consequent moisture stress injury. 
Soil moisture tension as low as 15 centibars was found sufficient 
to reduce the grain yield ol rainfed lowland rice in field studies 
at IRRI (Dc Datta et al 1973). Moisture stress during the early 
vegetative stage may reduce tillering; during the late vegetative 
and reproductive stages, it results in decreased grain yield caused 
by a reduction in number of grains per panicle, percentage of 
filled grains, ard the grain weight (De Datta et al 1973). 
the grain weight (De Datta et nl 1973).

The Central Luzon region has two distinct seasons: the dry 
season lasting from December through April, and the wet season 
covering the rest of the year. During the dry season, the 
northeasterly wind prevails over the region and brings an 
average of less than 5 cm rain/month. The wet season st;irts 
with the advent of the southwest monsoon in late April or early 
May, and the maximum rainfall occurs in July, August, and 
September. In October, the amount drops sharply, marking the 
transition to the dry season (Fig. 1).

Associate agricultural engineer and agricultural engineer. International Rice Research 
Institute (IRHIIl'ormW scholar. IRRI; ami research assistant. IRRI.
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Table 1. Hectarnge and yield cf rainfeti lowland rice in the 
Philippines, by region, 1976-77.—

Region

1 locos
Cagayan Valley
Central' Luzon
Southern Tagalog
Bicol
Eastern Visayas
Western Visayas
Central Visayas
Northern Mindanao
Southern Mindanao
Western Mindanao

Total rice 
producing 
area^ (ha)

326,725
425,650
438,465
458,600
336,500
180,865
461,450
88,800

322,170
382,235
146,950

Rainfcd 
lovland 

rice areak-(ha)

172,305
161,135
145,710
142,230
158,380
123,080
338,940
56,450

112,730
197,075
67,010

Rainfcd 
area as X 

of total

53
38
33
31
47
68
74
64
35
53
46

YieldS 
(t/ha)

1.5
1.4
1.9
1.4
1.7
1.1
1.6
1.4
1.4
1.1
1.9

Philippines 3,563,410 1,675,045 47 1.5

-Data from the Bureau of Agricultural Econonics, Philippines.
- Average of the 2 years.

October and November are usually the months of peak typhoon 
activity in Central Luzon. Most rainfed rice paddies are in the 
flowering and ripening stages during those months and may suffer 
yield loss due to either lodging or inundation, or both, when a 
typhoon hits the area.

In the case of rainfed lowland rice, farmers' crop planning 
is influenced largely by the amount of rainfall that has occurred 
up to a given time. There is usually a threshold of minimum 
cumulative amount below which farmers do not consider it advisable 
to start preparing the land for seedbed. Once the. seedbed is 
prepared and seeds are sown, the farmers transplant about 30-day- 
old seedlings if they are growing modern varieties, but older 
seedlings of local varieties are transplanted. If the availability 
of water from rainfall does not permit proper land preparation 
when the seedlings are ready, the farmers either transplant in 
hastily and poorly prepared land, or plan to transplant older 
seedlings at a suitable later time, or start preparing a second 
seedbed. In the first case, the plants suffer from high weed 
population and low tillering. In the others, the critical stages 
of plant growth are very likely to enter the receding period of 
the monsoon, and the plants will suffer from water shortage and 
give poor yields.

Approaches to production increase

Rice production in rainfed areas can be increased by increasing 
either the per hectare production of the most prevalent one-crop- 
a-year system or tiie cropping intensity, i.e. growing more crops
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1

LAND PREPARATION AND YIELD

Effect of rainfall

In transplanted lowland rice culture, the water requirement for 
land preparation must be met before transplanting can take place. 
There is a minimum cumulative amount of rainfall that permits 
farmers to start plowing for seedbeds and then the w'.r .e farm. In 
an irrigated area in Central Luzon, a linear relationship was 
demonstrated between the date of first plowing and the date of 
transplanting of a paddy (Valera 1977). A similar relationship 
may be assumed for a rainfed lowland rice area because most 
farmers prepare the seedbed at the time of first plowing and then 
transplant about 30-day-old seedlings.

Prediction of transplanting dates

The relationship between the progress of land preparation and 
cumulative amounts of rainfall from the beginning of the wet 
season (Fig. 2) was based on a 1973 study in a typical r-iinfed 
area in Gapan, Nueva Ecija. The 1973 rainfall could be considered 
representative of the mean rainfall pattern over several years in 
Gapan (IRRI 1976) . The percentage of area transplanted at any 
given time, A, was related to the cumulative rainfall amounts 
through the equation:

2. a) Cumulative rainfall and area transplantc-d 1%); and 
b) transplanting dates and area transplanted (%). Gapan, 
Nueva Ecija, Philippines, 1973 wet season.
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where •%• is the ratio between the cumulative rainfall amount at 
that tithe and the cumulative rainfall amount at which the whole 
area was transplanted. The equation is based on M observation 
points and has .-?- = 0.99.

It is evident from Fig. 2a that a number of farms were 
transplanted early at relatively sir.all amounts of cumulative 
rainfall, while most were transplanted at higher but a narrow 
range of cumulitive rainfall amounts. Some farms were transplanted 
at still higher amounts of rainfall. Fig. 2b illustrates the 
relationship of. the dates of transplanting with percent area 
transplanted.—

Using equation (1), the average cumulative rainfall values 
cor three groups of farms - first 25''., middle 607,, and last 15% - 
of the transplanted area were calculated. The values were used 
to predict at two levels of probability, 0.5 and 0.75, the- 
dates in any given year ny which the rainfall amounts would be 
equaled or exceeded (Table 2). Twenty-four years (1951-74) of 
rainfall data for Cabanatuan Cilyi were analyzed and used for the 
purpose (Fig. 3). The predicted transplanting dates for the first, 
middle, and last group of farms were 11 July, 7 August, and 19 
August, respectively, at rainfall probability of 507.. At 75% 
probability level, the dates were 1 August, 20 August, and 30 
Augus t.

The predicted transplanting dates were used to estimate the 
degree of water deficiency during the growing season for 6 yet-r^, 
1969 to 197A. A daily water requirement of 10 mm was considered 
sufficient to meet the evapotranspiration (ET) needs, estimated 
at A mm/day. The seepage and perrolation (S&P) requirements were 
estimated at a relatively high value of 6 mm/day, given the lighter 
texture of the soil in the area.

A daily accounting method was used to calculate the number 
of rainfall deficit days in a week. This method was followed 
during 10 weeks of the growing period starting from A days after 
transplanting. It was assumed that the bunded paddies can hold a 
maximum of 60 mm of rainwater from 1 day's total rainfall. Any

A similar pattern of relationship was found true for irrigated areas in Central Luzon 
(Valere 1977).
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Table 2. Expected dates of transplanting of rainfed lowland rice 
i n Capon, Nuova, EC ij a, Ph i 1 i ppines.

Area
ransplanted —

m
Kirst 25S
Mtddlu (>07.
Last 15Z

rainfall .it trans­
planting (trffn)—

510
792
982

in any given year at
0.5 0.75

probability probability

11 July 1 Aug.
7 Aug. 20 Aug.

19 Aug. 31 Aug.

—Calculation based on 1973 wet .season data for Gapan.
^Calculation baned on 24-ycnr (1951-74) daily rainfall data Cor 
Cabanatuan City, Nueva Ecija, Philippires.

daily rainfall in excess of 60 mm was considered to have drained 
out of the paddy. For converting the rainfall deficit days into 
stress days, i.e. days in excess of 3 without standing water in 
the paddy, a set of 1977 vet season field measurements of rainfall 
jnd stress days in a rainfed area in Gapar. were used. The 
equation developed is:

S = -0.01 + 0.82 n

(R~ = 0.60; no. obs. = 105) (2)

where S is the number of stress days in a v.eek and n is the 
number of rainfall deficit days .luring the same week. The S 
values obtained for 6 years from computed values of n and use of 
equation (2) are presented in Table 3.

Estimation of yields

Yield estimates for the 6 years were made using the model: 

}' = 2197 + 16.2 N - 0.06/T - 47.8 S - 0.39 ;VS (3)

where y it; yield (kg/ha); N is the optimum nitrogen use (43 kg 
N/ha), which is defined as the point at which the marginal value 
of rice is two times the marginal cost of nitrogen; and S is the 
number of stress days during the growing season (1RRI 1977).

City is approximately 30 km north of Gapan, and the two placet are con- 
iJdered to have the tamo rainfall.
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Probability 
IOO

075 - 

050 - 

025 - 

000
5 10 15 2025 

May
5 10 15 2025 

Jun
5 10 6 2025 

Oct Nov

3. Time and probability relationship for cumulative rumlall amounts for Cabanatuan 
City, Nueva Ecija. Philippines. bas-;d on 24-year (1951-74) rainfall data.

Yields were estimated using the different planting dates 
and individual year's known rainfall pattern for the <•> years. 
Equations (2) and (3) >vere successively used for each planting 
date to estimate the final yield values shown in Table 4.

Delays in transplanting produced significant differences 
between the average yield values for the h years when the 
transplanting date was shifted from 11 July to 7 August and from 11 
July to 19 August for 502 probability situations. There was, 
however.no significant difference between the yields from 
transplanting dates of 7 August and 19 August at 50% probability. 
The situation for the 75% probability level is similar (Table A).

The percentage of yield losses due to delayed transplanting 
with respect to the earlier transplanting date are shown in 
Table 5. On the average, 25 and 35% yield bosses resulted from 
shifting the transplanting date by 26 days from 11 July and 18 
days from 1 August at 0.6 and 0.75 probability levels, 
respectively. At 0.5 probability level, the 11-day delay from 
7 August to 19 August affected yield losses as much as the 26-day 
shift from 11 July because the growing season in the latter date 
suffered more stress days during the critical stages of growth.
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Tablt; 3. Estimated stress days for 6 years C1969-7';) for different transplanting dates at I levels 
of roinfall probability. Gapan, Kucva Ecijo, Philippines.

Transplanting 
d.itu

11 July
7 Aug.
19 Aug.

1 Aug.
20 Aug.
31 Aug.

Stress davs (no.)
1969

19.6
27.0
28.6

22.3
28.6
35.2

1970

0

23
22
23

0

22
23
24

.6

.7

.0

.7

.7S

.3

.7

.4

1971

probability

23.7
23.7
24.5

pivbabil-ity

23.7
24.5
27.8

1972

4
18
29

12
29
36

.1

.0
•*

.3

.4

.0

1973

17.2
27.8
39.3

22.139.'
49. .

1974

14.
22.
25.

22.
25.
20.

.7

.9

.3

.9

.3

.4

Avi

17
23
28

20
28
32

.2 a

.6 ab

.5 b

.9 a

.5 be

.15 c

ns followed by the same letter are not significantly different at 0.05 level.

Table 4. Estimated yields for 6 years (1969-76) for different transplanting dates at 2 levels of 
rainfall probability, Cabanatuan, Nueva Ecija, Philippines.

Transplanting 
date

11
7

19

1
20
31

July
Aug.
Aug.

Aug.
Aug.
Aug.

1969

1.
1.
0.

1.
0.
0.

,52
.in
,91

,41
93

.51

1970

1.25
1.3b
1.25

1.41
1.25
0.56

Kstiraated '
1971

,,,.,,,.
1.25
1.35
1.20

J. 71 pmlxu

1.25
1.20
0.99

fields (t/ha)
1972

.,,..,

2.52
1.62
0.88

biliiy

1.99
0.88
0.46

1973

1.1,7
0.98
0.25

1.36
0.25
0.00

1974

1.83
1.30
1.15

1.30
1.15
1.46

Av2

1.67
1.26
0.94

1.45
0.94
0.66

a
be

cd

ab
cd

d

-Means followi-d by the ri.ine letter ar.-1 not significantly different at 0.05 level.

The rainfall pattern of some years, for example 1972-and 1973, 
produced very drastic yield reductions — much higher than the 
average (Table 5) from shifts in the transplanting dates — 
because of a greater number of stress days occurring in those 
years due to the shifts (Table 3).

INCREASING CROPPING INTENSITY 

Evaluation of two crops of rainfed r-ice

Availability of modern varieties of short growth duration and the 
direct seeding technique have made possible two rainfed rice crops
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a year in areas of favorable rainfall pattern. In 1974 the 
Philippine Government started a program of encouraging fanners 
to adopt the two-crop technology in some areas including Bulacan 
province of Central Luzon. A field study made in Bulacan in 1976 
determined the water management factors *-iiat influence the 
successful adoption of the two-crop technology under actual 
farmer management conditions (IRRI 1977).

Table 5. Estimated yield losses for 6 years (1969-74), resulting 
froa delayed transplanting at two levels of rainfall probability. 
Gapan, Nueva Ecija, Philippines.

Year Yield loss (*) due to delayed transplanting

11 July vs 7 Aug. 7 Aug. vs 19 Aug. 11 July vs 19 Aug.

1969
1970
1971
1972
1973
1974

32
0
0

36

29

25

11
8
4

46
75
12

26

39
0
4
75
85
37

0. ^5 probability 
I Aug. vs 20 Aug. 20^ Aug. vs 31 AUR. 1 Aug. vs 31 _Aug_._

1969
1970
1971
1972
1973
1974

A-

36
12
0

56
82
12

35

45
55
18
48
100

0

30

64
60
21
77

100
0

55

— Coaputed on the basis of average yi-ld values in Table 4.

Methodology. Fourteen pairs of paddies were considered. 
Each pair comprised a two-crop and a one-crop paddy adjacent to 
each other. Half of the two-crop paddies were located at a 
relatively high elevation, and the remainder at a relatively 
low elevation. High elevations were associated with steep 
terraces, little surface runoff from the watershed, and 
substantial depths to the water table; low elevations were 
associated with flatter areas that received considerable water 
draiv.ing from higher elevation. The farmers' practices were 
not intentionally influenced by the study.

IR1561 was planted on all two-crop farms and either IR1561 
or the local variety Tjeremas was planted on the one-crop farms. 
Field data collected included rate of S&P; occurrence of stress
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days, which were measured as days in excess of two for which 
there was no standing water in the paddy; and rice yields. 
Stress days occurring between transplanting or emergence of 
direct-seeded rice and 60 days before harvest were considered 
early stress days (S^), while those between 60 and 26 days before 
harvest were considered late stress days (82). Data on fertilizer 
use and other management practices by farmers were collected by 
interview. Agroclimatological data like rainfall, evaporation, 
and water table depths were gathered in the field with standard 
techniques.

Seepage and percolation rates. S&P rate was consistently 
less for low-elevation paddies than for those at high elevation, 
as expected (Table 6). The unpuddled soils of the first crop 
had slightly less S&I5 rates than the puddled soils of the second 
crop. This unexpected low rate can be explained by subsurface 
movement. The soil is underlain by semipermeable limestone at 
depths as shallow as 1 m, which restricts vertical water movement. 
Piezometric observations confirmed positive hydrostatic pressure 
after heavy rains. Because the rainfall was much greater during 
the first crop, S&P rates were low for the first crop season 
even though the soil was more porous then.

Stress liaijs. Stress days were numerous during the early 
growth stage (S.) of the first crop and during the late growth 
stage (S,,) of the second crop on the two-crop farms (Table 6). 
The effect of relative elevation on S 9 was significant for both 
crops, with more than twice as many stress days for high 
elevation farms as for low ones. Stress days were slightly 
more numerous for the first crop than for the second, despite 
the greater rainfall for the first. The rainfall distribution 
was uneven during the first crop, with rainfall below 45 mm/week 
in 3 c-onsiTiii ivc weeks in July (Fig. 4). In addition, the 
direct-seeded first crop was exposed to early stress over a 
longer period. One-crop farms at either elevation experienced 
only a few days of early stress and no late stress (Table 6).

Gi'jin 'j-icld -vid n<:t far'", '!.nao":c. In the computation of farm 
income, gross income was estimated by valuing production at 
US$149/t. Family labor was valued at US$1.35/man-day, which was 
the lowest rate foi attracting agricultural .labor in the area.

Yields and net farm income for the direct-seeded first crop 
were significantly greater on the low-elevation farms than on the 
high-elevation farms (Table 7). The effect of elevation was 
small for the second crop, however, and negligible for the one- 
crop system. The total production for the year on high-elevation 
farms was A.44 t/ha for two-crop farms, and 3.34 t/ha for one- 
crop farms (3.82 t/ha for single crops of IR1561). At low
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Wotw level h poddy ( cm)

I i i _ _ i

IOO -

5O -

o» J\x> Jul Auj Sep Ocl " Nov ' r>c

4. Average weekly rainfall for 1970-76 and weekly rainfall 
for 1976 at San lldefonso, Bulacan, cropping schedule for 
two cropb and one crop of rainfed rice; depth of water 
and stress days in the paddies. Av for two barrios. Bulacan, 
Philippines. 1976. S = seeding. F - emergence. LP = land 
preparation. H = harvest. T = transplanting, f||j =• stress 
days.

elevations, two crops produced 5.92 t/ha and the corresponding 
one-crop farms produced 3.35 t/ha.

Farmers reported weed control as a major production 
constraint in the direct-seeded first crop. Weed competition 
was negligible on all transplanted paddies in the one-crop or 
two-crop farms. Insect and pest control were cited as the most 
important problem of the second crop. Rats, brown planthoppers, 
and green leafhoppers concentrated on the second-crop farms 
after the harvest of the neighboring one-crop farms.
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Table 6. Mean rates of seepage and percolation, rainfall, and stress days for two-crop and one-crop 
rainfed farms at different elevations. Bulacan, Philippines, 1976 wet season.—

Seepage and percolntionMean
Crop, elevation Observation Rate rainfall ____Stress days (no.)

_____________________(no.) (mm/day)_______(m/day)____________ Early^ Late^-

Tuo-arop fame 

First crop (direct seeded)

High elevation 
Low elevation

Second crop (transplanted)

High elevation 
Low elevation

70 
50

56 
121

3. 
3.

5. 
3.

e
0

6 
3

ab 
b

a 
ab

127 a 
121 a

54 c 
44 c '

12 
16

2 
0

.7

.1

.9

.4

a 
a

b 
b

14. 
6.

22 
9

.3 

.9

.1 

.6

b
c

a
be

One-crop fame

High elevation 
Low elevation

150 
122

4. 
3.

0 
0

ab 
b

94 b 
69 b

1 
2

.4 

.3
b 
b

0 
0

.0 

.0
d 
d

^tfcana in the Sana column followed by the aaae letter arc not significantly different at the 5* level.
Testing based on differences between crops at both elevations. 

kFrom date of emergence or transplanting to 60 days before harvest (DBH). 
£From 60 to 26 DBH.

The net yearly income from the high-elevation one-crop farms 
was about the same as that from the high-elevation two-crop farms. 
For farms at low elevation, the net yearly income was US$298/ha 
for one crop and US$477/ha for two crops (Table 7). The combined 
data for both elevations give a 29% greater annual net income 
from two-crop farms than from the one-crop farms, but the 
greatest advantage occurs with the two-crop low-elevation farms, 
whose net income was 61% greater than that of the one-crop farms 
at the same position. Comparisons of net family incomes tnat 
exclude the cost of family labor present a somewhat more 
favorable picture of the two-crop practice because of the greater 
labor requirements of two crops.

Modeling for different rainfall patterns

yield response model. The previous section was the result 
of a study for one season, the 1976 wet season. This section 
relates grain yield to rainfall patterns of different years to 
determine the long-term feasibility of two crops of rainfed rice.

A multiple regression ii'.odel based on stress days was used 
to estimate the effects on yield of water shortage in combination 
with other important factors (IRRI 1977). The two equations 
computed for the two crops follow:
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For the direct-seeded first crop:

= 4140 + 36.6 N - 0.4 fl - 63

36 5 - 1365 V + 0.4 + 2.3 /«»' (4)

(/f = 0.89; no. obs. = 15) 

For the transplanted second crop:

}' = 1240 + 42.3 /,' - 14 S2 - 6.4 A 

(R2 = 0.80; no. obs.= 11)

(5)

where Y is grain yield (kg/ha); ;V is nitrogen used (kg N/ha); 
Sj and Sg are stress days in the vegetative and reproductive 
growth stages, respectively; and iV is a measure of weed control 
estimated by visual observation or spot check to conform to the 
scale: 0 = negligible weed growth,! = weed growth whose dry 
weight (excluding roots) is less than 200 g/ro2, and 2 = weed 
growth in excess of 200 g/m- of dry weight. A is age in days of 
seedlings at transplanting. All seedlings were transplanted at 
an age greater than 28 days-, therefore the coefficient was
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negative. The intercept of the equation for the transplanted 
second crop is lower than expected, partly as a result of insect 
and pest damage that was not directly incorporated in the model.

Weed growth in the direct-seeded first crop accounted for 
more than 2 t/ha yield loss, and water stress (S and S ? ) for 
about 1.2 t/ha. Nitrogen accounted for 1.1 t/ha gain. N in the 
transplanted second crop accounted for almost 2 t/ha yield gain, 
and Sy and A each contributed 0.3 t/ha loss.

Prediction of stress days. A water-deficit model was 
developed to predict stress days based on daily rainfall and 
daily water use as S&P and ET (IRRI 1976). The total daily water 
use was estimated at 8 mm/day, and the days in a week when 
rainfall supply was less than the 8-mm demand were counted. To 
account for residual lag efforts, deficit days were excluded for 
the first day after rainfall in excess of 10 mm, and for 2 days 
after a day of 20 nun or more rainfall. Thus, a weekly series of 
deficit days, n, that was developed was found to be related to 
the mean number of observed stress days during the corresponding 
week through the equations:

For the first crop: 5 = 0. 7 -f 0.41 n (6)

(FT = 0.76; no. obs. = 10) 
For the second crop: S = 0.3 + 0.23 n (7)

(n2 = 0.81; no. obs. = 9)

where S is the number of stress days per week and n is the number 
of deficit days for the same week.

Prediction of yield. Wirh the water-deficit model, expected 
stress days for each crop season in 1970-76 were computed from 
rainfall data. Calculations began in the 20th week of the year 
(mid-May). The analysis spanned 15 weeks for the first crop and 
12 weeks for the second, with 3 weeks of land preparation between 
crops. Nitrogen used was set at 45 kg N/ha and weed growth ,V 
for the direct-seeded first crop was assumed equal to the mean 
value recorded in 1976, i.e. h' = 1.21. Seedlings for the 
transplanted crops were assumed to be 38 days old for the second 
crop and 30 days old for the single crop. Stress days and yields 
predicted by this procedure approximate the measured values for 
1976 (Table 8).

The analysis demonstrated the vulnerability of the second 
crop to water shortage. In 3 out of 7 years, essentially 
complete failure of the second crop due to inadequate rainfall
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was predicted. In 2 of those years, inadequate rainfall during 
the land preoaration period would have delayed transplanting of 
the second crop and caused severe stress later in crop growth. 
Mean yields for the 7 years were 2.8 t/ha for the first crop and 
1.4 t/ha for the second crop.

Effects of ^lt:var.:cn cr. -.lields. To bring out the effects of 
elevation, the equation predicting .T from rainfall deficit days »i 
was recomputed separately for the two topographic regimes. With 
the use of the 1976 data and the same method, the combined results 
for both crops follow:

For high elevations: S = 0.00 + 0.37 >; (8)
(.? 2 = 0.71; no. obs. = 16)

For low elevations: 5 = -0.80 + 0.29 .•:
(R 2 = 0.66; no. obs. = 16)

The same rate of nitrogen use (45 kg N/ha) was assumed for both 
crops, and the 1976 mean weed index of 1.57 for high-elevation 
farms and 0.86 for low-elevation farms were used in the responses. 
The simulated yields for all 7 years were then averaged to find 
the mean effect of relative elevation for that period.

Table 8. E^tiMted stress days— and yields based .1:1 '.i-rklv 
rainfall in San Ildcfonso, Bulncan, Philippines, for two craps 
cf rainfed rice on high and lev elevations. 1970-76 wet. seasons.

First crop________ ____Second crop_____
Stress dnys (no.; V i e .1 d Stress days (no. ) V i e 1 >1

S|_______5? U/ha) Si_____S2~ (t/ha)

1976 14.4 10. b

197*
1975
1974
1973
1972
1971
1970

ifcan

-S. "fit ress

13.5
4.0

10.3
7.5
7.0
4.0

13.0
8.5

at early

9
4
5

i 5
Q

4
13.

7

staj

.1)

.0

.0

.0

.0

.0

.0

>e Of

.,
"l.

2
2.
3.
3,
;.
2 '

H
. 1
.8
. 3
. i
.1
. 3
, H

crop -<rc

2.5 15.0 2.(i
7.5 )<> O-'i
- - f>^-

Hi.5 17.5 2.5
','-

3.5 9.5 2.7
2.0 IB. 5 2.4

1.4

iwth, S^ " stress at late
stage.
-Because the entire second growth period *-ould be composed of 
stress days , 7.v ro \ield v-i.s as;;u:r,ed.

—Total rainfall during tht- first 5 wevks after harvest of the 
first crop was less than ^0 m; irrjs the .second crop would hnvu 
been delayed and harvested well beyond the period of late season 
rainfall; zero yield was thertforc- assumed.
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Table 9. Mean stress days and yields computed for farms at two 
relative elevations. Means for 7 seasons with two crops and 
single crops ot rainfed rice, 1970-76.—

Crop Stress days (no.)

Early Late

Grain. 
yiel<£ 
(t/ha)

High elevatiotf-

First crop (direct seeded)
Second crop (transplanted)

Combined first & second
Single crop (transplanted)

10.0
6.0

crops
8.0

8.0
22.7

12.4

2.1
1.5
3.6
2.8

Loa elevation-

First crop (direct-seeded)
Second crop (transplanted)

Combined first 4 second
Single crop (transplanted)

6.0
2.2

crops
3.2

3.0
15.3

5.6

3.5
1.6
5.1
2.9

—Sflased on daily rainfall records from San Ildefonso, Bulacan, 
Philippines, 1970-76.
p Assuming 45 kg/hfl of N use.
—Stress days computed from S » 0.0 + 0.37 n.
—Stress days computed from S » -0.8 +O.29 n.

The mean yields (Table 9) were lower than those measured 
in the 1976 field study and indicated that 1976 was a year of 
better-than-average rainfall. The relative production advantag. 
of two crops over one crop was, however, about the same for the 
1976 data and the 7-year means.

MANAGEMENT OF PADDY BUNDS AND EFFECTIVE USE OF RAINFALL 

Farmers' practices

Rainfed farmers generally make some improvements on the bunds 
before the onset of the monsoon so that paddies can retain more 
water from the rainfall. These improvements may include one or 
more of the following: 1) repairing or rebuilding bunds to make 
them stable; 2) repairing cracks, holes, or openings, and lining 
the inner faces with clay mud to reduce seennge leaks; and 
3) increasing bund height and the spillway — height to impound 
more water.

'Spillway In rlca paddles Is the portion of the bund, the upper level of which determines 
the maximum depth of water to be retained in the paddy and spills the excess.
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The usefulness of farmers' management practices to stabilize the 
bund and reduce seepage leaks is well recognized. The extent to 
which additional water could be retained in a paddy by effectively 
raising the bund height was earlier investigated by use of a 
simulation model for Central Lu;:on. Wickham (1973) showed that 
increasing the effective bund height from 2 cm to 4, 6, and 8 cm 
gave no significant increase in the water retained in the paddies. 
Reduction in die numbe r of stress davs during the growing period 
was small and consequent increase in yield was insignificant.

A recent study in Gapan, Central Luzon, in the wet season of 
1976 investigated the effects of different spillway heights on 
the water stored, number of stress days, and effective rainfall 
amounts-- in a paddv (Sen 1.977). N'o difference in effective 
rainfall amounts was found between the 6-cm and 12-cm spillway 
heights. But when the model was applied to the rainfall patterns 
for each of 11 years (1964-74) of rainfall data for Cabanatuan 
City, Central Luzon, significant differences in effective rainfall 
amounts were found among spillway heights 2, 5, 8, and 12 cm. The 
total number of stress days and mean water depths were computed 
from daily rainfall, data for the 11 years (Table 10). Each 
successive increase in the spillway height from 2 cm reduced the 
mean stress days by about 50",'. The mean depth of water in the 
paddy was about 9 times greater when the spillway height was

T.liilt- 10. :•.•_.,1 ••tn--.- (!.-i./ .rrj r.-.in •-•J:,T Ji-ptn f^r J]!frr.^t -ipin'-av 1 :t-ii:!i:'. in r.unfi'U
tr.n ji: KjrlH, ^.-putfj b\ ::i,- - :T-.L; l.c 1^:. :ru)d,-l frnn J.l t I \ r.iir.f ill it Cir-.trMtu.lTl, Su'-v.l FctJ.I, .lunt-

__ 

pij l ua

!().'. 
*, J

10! 
7J 
'.i 
V) 

<) I
ai

) .j.r. » bt-'furi- h-trvt-st.

Effective rainfall is the total minus the excessive rainfall that cannot be stored or used in 
the paddy field.
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increased from 2 to 12 cm. Approximately three times more water 
was retained by raising the spillway height from 2 to 5 cm. 
Water retained with the 8-cm high spillway was intermediate 
between the extremes.

The 1977 study also indicated that the intensity of daily 
rainfall had an impact on the effectiveness of that rainfall. 
At a daily rainfall intensity of less than 10 mm, 100% of the 
rainfall was effective for all the spillway height treatments. 
As the daily rainfall intensity increased, its effectiveness in 
all treatments decreased considerably in all treatments, out the 
decrease was consistently less with the increase in spillway 
height (Table 11).

Table 11. Mi-an effective rainfall for -i spillway heights and -i intensity ranges of dnily rainfall 
t imputed by the simu la t ion node! for rainf.tl 1 cundit ions at C.ib.in.itunn City , Snev.1 EC i jn , June- 
SvptfnbcT 1966-76.

in tens i tv
(mm)

!vs- Hum 10
in -jo
;n-c.!)
O.-.itt-r ili.-m -U>

•-•<i«h«,dn..,,, h-

•Vv.ins 1:1 UK- .i.ino row

l),i i I y 
i'h.s«> rv.it ions

(no. I

M'l
.'..'1
1 i:

<JS

followed !.v tin- s.i™ I,

Ki-nn offc-ctive r»
2 -en

sj.il Iwavs

1(1(1 ;i
Si u
57 a
? 7 a

52 J

;tter nro not

5-rn
s[> 1 llwMVS

I0'l .1
8'.' ,1
f.5 b
ifl b

61 b

s i Rnif leant ly

IHlf.lll ('!
8-rn

Hp i 1 Iw.IVS

100 ,1
90 b
68 b
45 be

64

ilif forunt

;.T " ' — ————— ~
12-cm

spi 1 luavs

100 n
90 h
69 b
50 c

67 d

:it tli.' 0.05 leve

As part of the study, a survey of 40 rainfed farmers was 
conducted to assess farmers' views on the effects of paddy water 
depth on tillering, yield, and damage from rats, insect pests, 
and diseases of rice. About 68% indicated that high water depths, 
defined as water depths in excess of about 7 cm, decreased 
tillering and yield. The majority of the respondents associated 
higher water depth with greater crop damage from diseases. The 
pattern of response regarding damage by rats and insect pests was 
inconclusive (Sen and Wickham 1977).

CONCLUSIONS

The conclusions we make,although specific to Central Luzon in the 
Philippines, should be relevant to other regions having similar 
agroclimate and soils.



Water-related factors and rainfcd lowland rice, Philippines 233

t Even in a one-crop-a-year system of rainfed lowland rice 
in Central Luzon, the total rainfall amount at which most Central 
Luzon farmers complete land preparation by traditional methods 
and transplanting usually falls quite late in the season. That 
often leads to water stress in the crop during its critical stage 
of development and a consequent yield loss. More research is 
needed to find ways to prepare land quicker so that transplanting 
becomes possible early in the season.

• In the practice of the two-crop system in Bulacan, Central 
Luzon, the second rice crop is vulnerable to water shortage. In 
3 out of 7 years, essentially complete failure of the second crop 
due to inadequate rainfall can be predicted. In 1976, two-crop 
farmers in relatively high elevations produced about 33/;' more rice 
than the one-crop farmers, but their net farm income was about the 
same because of the higher labor requirement ir\, the direct-seeded 
first crop in the two-crop system. By utilizing the relatively 
greater water availability in the lower elevations, the two-crop 
farms had 61'. more net income than the one-crop farms.

For the rainfall pattern of Central Luzon, varieties of 
short growth duration would do better in the one-crop as well as 
in the two-crop system as far as water availability is concerned. 
Varieties with a growth duration of 90 days or even less would 
have great advantage. Modern varieties are becoming popular in 
the rainfed areas, possibly because farmers realize the 
vulnerability of traditional longer-duration varieties to water 
shortage toward the end of the season.

Further field research is needed to determine the possible 
benefits from increasing the effective bund height under 
different topographic and soil conditions. Such studies should 
look not only into the aspects of water retention in the paddy 
•jnd short-term yiuld values, but al -o into the longer-terra 
relationship of water depth to th- incidence of insect pests, 
diseases, and the rat problem.
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Weed control in rainfed rice

K. MOODY and A. L. MIAN

Weeds are a serious problem in the production of dry-seeded rice. 
More weeds occur and the composition of the weed flora is different 
when rice is planted in dry soil than when it is planted in soil 
that has been puddled (Table 1). In some instances, weed 
competition is so intense that failure to control weeds in dry- 
seeded rice may result in no yield.

Yarcane (1976) reported that a 6-week weed-free period after 
rice sowing was all that was needed to ensure optimum yields in 
dry-seeded rice. Only a small number of weeds emerged after that 
period and no yield loss was recorded. Ahraad (1976), however, 
reported that the crop need be weed-free only from the fourth to 
the sixth week of growth to achieve maximum yields. IRRI 
(International Rice Research Institute) research has indicated 
that maximum yields can be obtained if 3 weedings are done during 
the first 8 weeks of crop growth. When weed growth is light or 
water is impounded early, 2 weedings during the first 5 weeks of 
growth may suffice.

Early weeding is essential, but often the timing of weeding 
is dependent on visual evidence of weed growth. Farmers prefer to 
wait until they know that weeds are present, until there are plenty 
of weeds or until the weeds reach a certain height before they 
weed. By then, it is probably too late -- the weeds may have 
already competed with the crop and caused yield reductions.

The length of time that the dry-seeded rice crop should be 
weeded after planting or emergence varies with many factors such 
as weed flora, growth characteristics of rice and weeds, cultural 
practices, and environmental factors. It is, therefore, difficult 
to generally state how long after seeding a crop should be weeded.

One important technique ff>r suppression of weeds in rice is the use 
of water. In dry-seeded rice, the crop begins its life cycle as a 
dryland crop and finishes as a wetland crop. Better weed control

Agronomist, International Rice Research Institute, Los Bafios, Philippines; and profeaor and 
head. Department of Agronomy. Bangladesh Agricultural University, Mymenicngh. Bangladesh.
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Tabli1 1. Kfffcl of <Ji f frri-nt methods of land nrupara'. ion on 
Krowinp, in a.-ihori.u ion with rii:e 6 ueckK aflt-r planting.

Kvttiod
of land

lirupnrut ion

I'u.l.lli-ci
i'uddU-d
IJrv
Dry

TV
r u i-

Kt-t-
Tr.in
rpl..
R.un

,„• ,,f
culture

•U't-d.-J

spluntfd
nd
:.-J Ijiindi-

Composition of
wi-.-d f lora (I)

Bro.idlcaf C.ras-,."; Si-d^s
WI'l'dB

57 Tj 8
h'i r in
3f 5'i ')

-.! 1) •.'. )

Wucd vt
(kg/lia)

72
106

15 If
15HJ

would be obtained if soil flooding occurs .soon after stand 
establishment.

Weed growth is stimulated if nitrogen is incorporated into 
the soil before planting. Smith (1960) observed that rice that 
was not fertilized and was free of weeds yielded as much as rice 
that was heavily infested with weeds and received more than 100 
kg N/lia. When infestation of ,Vi"";:':;:,"':: ."•t; CT:^'- .•:.•; ". I (L.) Beauv 
was heavy, the best yield was obtained when nitrogen was applied 
when the grass was heading, 8 weeks ;>fter seeding. Thus, in dry- 
seeded rice, nitrogen application should be timed so as to 
prevent weed proliferation and yet obtain maximum benefit from 
the fertilizer applied. it may be wise to wait until after the 
first weeding to apply nitrogen, instead of applying it basally. 
Weed growtli would be less if this technique is used.

Row seeding is rare for dry-seeded rice. In Bangladesh, 
Mi an and Karim (1970) found that the row-seeded crop was easier 
to weed and weeding was more efficient than with the broadcast- 
seeded crop. Less seed, less lodging, and significantly higher 
grain yields were additional advantages of row seeding. With 
row seeding, interrow cultivation can be used for weed control. 
However, the weeds adjacent to the crop rows are not controlled 
and yield reduction due to them can be appreciable. Sucli weeds 
can be removed by hand or by combining an overall or band 
application of herbicide with interrow cultivation. Equipment 
presently available for seeding and cultivation in dry-seeded 
rice leaves much to be desired. Suitable equipment must bo 
developed or modified before row seeding can gain widespread 
acceptance.

Reducing the spacing between rows or increasing the seeding 
rate should result in greater competition against weeds and 
therefore less weeds. However, in a trial conducted in Pangasinan, 
Philippines, reducing the spacing between rows from 25 to 20 cm or 
increasing the seeding rate from 80 to 120 and finally to 160
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kg/ha had no significant effect on the weeds growing in association 
with rice, nor on tho rice yield.

A common practice in rainfed rice-growing nrcas is to leave the 
field fallow during the dry season following rice harvest. Weeds 
grow and shed their seed or multiply vegetatively. Animals graze 
on these weeds and at the same time introduce weed seeds from 
outside sources. As a result, intense weed problems can be 
encountered if a ilrv-seeded crop is sown at the start of the rains. 
Repeated tillage durim; the fallow period, to prevent weeds from 
seeding and to expose vegetative propagules to drying, should 
result in a significant depletion in weed reserves in the soil.

By keeping plots free of weeds by tillage during the dry 
season, Bolton and De Datta (1977) succeeded in conserving

considerable amounts of soil moisture compared with the moisture 
in plots left weedy during the dry season. An additional benefit to 
keeping the land weed-free during the dry season was that land 
preparation tine nnd the number of tillage operations for the 
following rice crop were halved thus saving 10 days' potential 
growing time.

Bolton (IRR1, personal communication) noted a decrease in 
total weed weight and a marked reduction in the number of 
perennials growing in association with rice in plots that had 
been plowed at the end of the crop compared with those in plots 
that had been plowed at the start of the next rainy season.

Mahyuddin and Soeharsono (19 7 f>) suggested that in rainfed 
areas, a dryland crop should be grown after rice, instead of 
merely keeping trie soil tilled during the dry season. Sucli a 
crop should be either of short duration or drought resistant to 
survive on residual moisture and end-of-season rainfall. The 
land preparation for the dryland crop, plus interrov cultivation, 
plus any within-row weeding should result in almost the same weed 
control benefits for the crop to he planted at the start of the- 
next rainy season as if no crop hnd been planted during the dry 
season and the soil had been continuously tilled.

However, in a trial conducted in five farmers' fields in 
Pangasinan, Philippines, planting a mung bean crop and weeding it 
once vas generally inferior to maintaining a weed-free fallow 
during the dry season (Table '2'). In three fields, the plots that 
had been kept weed-free by tillage during the dry season had 
significantly less weeds than the other plots. In one field, the 
previous treatments had no effect: on the total number of weeds, but 
in another, there were significantly more, weeds in the plots lii.it
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Tab If 2. Effect of previous trentni-nts on the total number of w»(eds growing in association with 
dry-Kt'cdinl r ici* > ut'i'ks ;if ter st-vdinj; in thrt'e barrios in PJngasin;in, Phi 1 ippinos. 1977.

Weeds£ (no.)
_ _Pao _ _ __Li pi t __ _ CaarinRayan 

Previous treatment Vii-f.l Y" "Field Tl Fi'cld l" Field II ""field 1 "

I'nweeded minR be.in fi47 b ill b I"J b 01 a 87 ab
Kunn bean - weeded once 46V b 480 b 221 b 66 a 122 be
Weedy fallow 720 h 347 b 200 !> 68 a 71 a
Weed-free fallow 197 .1 98 .1 (.8 a 90 a 140 c

-In a cplirin, ni'.uis followed hv tin- -..ine letter are not si t;n i f icant Iv different at the 5? level.

Table 3. Effect of previous treatments on the number of bro.idleaf weeds srowini1, i n association with, 
dry-seeded ralrlfed bunded rice 3 weeks after seeding in three barrios ir. Pangasinan, Philippines, 
1977.

nrondle.tf weeds i (no.)
_ _____ La(L_ _ __ ______ L'HU _____ Ca.irin^ayan 

"r>-/l»i« ire.ureiu f'ieldI F ffld_I f __ Fl ej_d J_ _JLi£.dH ______ Field I

I'nweeded mun>; bean 26 be 4 ab (; a 3 ab 5 a
Muni; bean - weeded once 18 ab .' a '< ab 2 .1 8 a
Weedy fallow 11 a » al> 17 h A ab 1 a
Weed-free fallow 35 c 7 b 1 1 ab 8 b 49 b

-In a column, nc.uis followed by the sa-.e letter are not significantly different at the SX level.

had been kept weed-free than in the plots that had not been weeded. 
A similar relationship was observed for grasses and sedges iiT 

all fields except one. In that field, the greatest number of 
sedges was observed in the plots that had previously been planted 
to mung bean but no effect of the previous treatments could be 
detected in the number of grasses that grew in association with 
the rice. There tended to be more broadleaf weeds in the plots 
that were previously maintained weed-free by tillage (Table 3).

There were significantly more Echinochloa colona (L.) Link and 
there tended to be significantly less Cyperus 1'otimdus L. and 
Cynodon daotijlon (L.) Pers. in the plots that were maintained 
weed-free by tillage during the dry season.

Weed growth should also be less the sooner planting is done 
after the rains have started. In a 1977 trial at IRRI in unweeded 
dry-seeded rice plots, the weed weight increased as the date of 
planting was delayed from 5 to 27 May. Thus, delayed planting can 
result in more weeds and probably more difficulties with respect 
to their control (IRRI 1978).

Crafts (1975) is pessimistic about the successful use of 
tillage during the dry season for weed control. He wrote that
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"when one considers the longevity of buried weed seeds, weed 
seed dormancy, the possible presence of weeds Chat produce wind- 
borne seeds, and the common neglect of weed control along fences, 
roadsides, and other uncropped areas, it seems that tillage 
control of weed seed populations in soil is quite futile under 
most cropping systems."

It may be possible to reduce weeds in the dry-seeded rice crop by 
using the stale-seedbed technique. After land preparation, 
planting is delayed until the first flush of weeds has emerged. 
The weeds are killed with a nonselective nonresidual herbicide or 
by a tillage operation that disturbs the soil as little as 
possible. The crop is then planted with minimum disturbance to 
the soil. Theoretically, less weeds should grow in association 
with ttie rice as most of those in the favorable zone for 
germination have been killed, and few additional weed seeds are 
brought into this zone. If the tillage operation that is used to 
kill the first flush of weeds is too deep, more weed seeds are 
brought to the soil surface where conditions favorable for 
germination exist, and no advantage would be gained from the 
technique. This method lias been used successfully for dry-seeded 
rice establishment in India and Sri Lanka, but results at IRRI 
were inconclusive. Further research on the technique is needed.

In Japan, a weed control svstem based on weed ecology, time of 
weed emergence, and low crop phytotoxicity has been developed for 
dry-seeded rice (Yamane 1976). The system is described in Table 
4. Herbicide combinations control more species of weeds than 
single herbicide treatments and effective control should last 
longer than with single treatments. Temporary rice injury 
manifested as leaf-tip burning, leaf chlorosis, and stunting of 
plant growth frequently occurs with combination herbicides such 
as thiobencarb + propanil, butachlor + propanil, and oxadiazon + 
propanil. The rice usually recovers after 2 or 3 weeks. 
Increased percentage of productive tillers or increased ratio of 
grain to strav; has been observed, and yields do not appear to 
have suffered because of the temporary setback.

Ninety percent kill of weeds was achieved in the People's 
Republic of China when thiobencarb at 1.5 kg/ha combined with 
propanil at 1.6 kg/ha was applied 7 days after emergence. When 
this treatment followed a preemergence application of 2.4 kg 
chlornitrofen/ha on moist soil, 99% weed kill was achieved. 
Chlornitrofen applied alone was only 80% effective against annual 
weeds, and had a residual effect for 20 days. For optimum yields,
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Table A. Weed control system for dry-seeded rice in Japan 
(Yanane 1976).

Weed control system 
Tine Control measure

Before seeding

>•! month before Plowing
20-10 days before Paraquat 0.5-0.8 Vg/ha
Just before Harrowing

After emergence

0.5-1.5 leaf stage of rice Propanil 1.8-2.0 kg/ha +
thiobcncarb 4.0-5.0 kg/ha

3-4 leaf stage of rv-e Propanil 1.6-1.6 kg/ha +
thiobencarb 2.0-2.5 kg/ha

this treatment must be followed by hand weeding. If hand weeding 
is omitted, a plot with a 6 t/ha yield potential may yield only 
4.5 t/ha (Zandstra et al 1977).

Such high herbicide inputs as those suggested for Japan are 
probably economically impractical in tropical Asia. But because 
the labor requirement for manual or hand weeding in dry-seeded 
rice is high, weed control in this type of rice cultivation is 
aot likely to be successful unless herbicides are used. 
Considerable research is needed to determine suitable herbicides, 
and their, rates and time of application.

In trials conducted in the Philippines, many of the 
herbicides are either phytotoxic or fail to give adequate weed 
control. The most promising compounds for use in dry-seeded 
rice in the Philippines are thiobencarb, butachlor, butralin, and 
oxadiazon (Table 5). Compounds such as pendimethalin and 
dinitratnine are erratic in performance — performing well in one 
site in 1 year and poorly at another site in the same year or 
in a different year. Differences in weed population, soil type, 
and climate could be responsible for the variation.

The time of application of the herbicide is important with 
respect to weed control and crop damage. When the herbicide is 
applied immediately after seeding, several weeks may pass before 
sufficient rain falls to move it into the soil zone where it is 
needed for activity. During this time, herbicide breakdown may 
occur and weed control will be less than if rain had fallen 
immediately after seeding. Heavy rain soon after herbicide 
application that results in ponding of water on the field for 
several days is also undesirable. Under this condition, stand 
reductions due to herbicide damage may occur.
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Table 5. Effect, of different weed control treatments on yield 
of dry-seeded rainfed bunded rice. Pangasinan, Philippines, 1977,

Treatment

O.xadiazon
Thiobencarb
B'jtr.ilin
BucachlvT
Antcr (Hercules :::ji)
USB 3153
Weeded three tines
Pendinethalin
Dinitranine
I'ntreat ed

—Means followed by the sa

Herbicide rate 
(kfl a.i./ha)

0
3
;
2
1
1

2
I

.75

.0

.0

.0

.0

.5
-
.0
.5
-

Yieldi 
(t/ha)

3.
3,
2 .
2 ,
2.
2 .
I.
1.
1.
0.

.3

.0
7

.6

.5

.4

.9
,8
.6
,5

a
ab
abc
abc
abc
abc
abc
be
cd
d

I3O letter are not significantly

Application of herbicides on a moist or wet soil and adequate 
moisture through timely rains or irrigation during the first 3 or 
'-4 weeks after herbicide application are the conditions that seem to 
effectively activate preemergence herbicides and give prolonged weed 
control with little crop damage. The possibility of reducing crop 
damage further by applying herbicides as an early postcrop-emergence 
treatment; should be investigated.

The residual effects of the preemergence herbicides mentioned 
above are usually too short to provide season-long control. To 
prevent yield reductions, a follow-up hand weeding about 6 weeks 
afte- crop emergence nay be needed.

In Indonesia, thiobencarb and prometryne applied together at 
the rate of 5.5 kg/ha have provided effective weed control in dry- 
seeded rice (Pane, IKR1, pers. comm.). These herbicides are 
phytotoxic in the Philippines, however, when applied at the 
combined rate of 3 kg/ha.

Mian and Rahman (1969) reported that control of E. crus-galli 
and E. colons was excellent when propanil was applied as Stam F-34 
at 3.2 kg/ha, at the 2- to 3-leaf stage of the weeds 20 days after 
aus rice was grown. The two weed species constituted 86% of the 
weed population. The yield from the propanil-treated plot was 31% 
higher than that from the plot that was weeded twice 15 and 30 days 
after sowing, and the cost was cheaper. Propanil applied as Rogue 
was more toxic to the crop than Stam F-34 and as a result, yields 
were lower (Table 6). In the Philippines, results with propanil 
have been inconsistent. The compound will not control weeds 
satisfactorily unless a rain-free period of at least 6 hours follows 
treatment. It is also incompatible with a number of insecticides, 
particu'larl. the carbamates and organophosphorus compounds.
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Table 6. Effect of different weed control treatments on yield of 
dry-seeded rice (adapted from Mian and Rahman 1969).

Treatment

Propanil (as Scam F-34)
Propanil (as Rogue)
Planavin
Hand weeded
2, 4-D
Prefix
Unweedcd

Rate 
(kR/ha)

3.2
2.6
0.7
-
2.7
0.7
-

Time of 
application 

(.051-

20
20
2

15 and 30
35
35
-

Yiel<£

4.4
3.8
3.8
3.3
1.8
1.4
1.4

a
ab
ab
b
c
c
c

-Days after seeding.
-Means followed by a common letter are not significantly different 
at the SZ level.

Table 7. Effect of herbicides on yield of rainfed wet-seeded 
rice (adapted from IRR1 1977).

Herbicide-

Thiobcncarb/2,4-D
Benzglycereth (WL 29226)
X-52/2.4-D
OT-101
NTN 5810/2, 4-D
NTN 6867/2, 4-D
NTN 5810
MCPA/TBA
Prodotto D 75
Oxadiazon
Untreated

Application
Rate Time (days 

(kK/ha) after seedinc)

1.0/0.5 7
0.75 7

1.4/0.5 7
2.0 7

1.4/0.3 7
1.4/0.3 7

2.0 7
0.6/O..V 7

2,0 11
1.0 7
• —

4
4
4
3
3
3
3
3
3
2

Yield^ 
(t/ha)

.4 a

.2 a

.1 ab

.9 abc

.9 abc

.6 be

.5 c

.4 c

.4 c

.5 d
0 e

—A slant bar indicates that the two herbicides were formulated 
on the same carrier or mixed together and applied as a single 
treatment.
-Means followed by a coercion letter are not significantly 
different at the 5X level.

Vet-seeded rice

Weed control is much more difficult in rainfed lowland rice — 
both wet-seeded and transplanted — than in irrigated lowland 
rice. More weeds grow in rainfed lowland conditions than in 
irrigated conditions. In addition, herbicides do not perform as 
well in the rainfed situation. Failure to control weeds because 
of lack of water, or herbicide damage to the crop because more 
than 50% of the rice plant is submerged at or soon after herbicide 
application, particularly with wet-seeded rice, may be experienced.
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At IRR1 in 1976 (IRRI 1977), most of the herbicides were 
toxic to 7-day-old rice seedlings because the trial plots were 
almost continuously flooded. However, the weeds were adequately 
controlled and good yields were obtained from plots treated with 
thiobencarb/2,4-D (Table 7), Benzglycereth, X-52/2,4-0, MT-101, 
and NTN 5810/2, 4-D. In 1977, however, none of the tested 
herbicides controlled weeds adequately because lack of rain shortly 
after seeding resulted in an unusually heavy weed infestation.

In another trial, thiobencarb followed by 2, 4-D, propanil, and 
propanil/fenoprop performed consistently well across a range of 
different water regimes.

Weeds were not as great a problem in transplanted rainfed rice 
(the transplanted arur. crop) as they were in dry-seeded rice (the 
broadcast .me crop) in Bangladesh (Mian and Gaffer 1968). However,

Table S. Effect, of lu'rbicides on yield of transplanted rainfed 
rice, IRRI, 1977 (adapted fror. IRRI H79).

Applic.it ion
TruaLratint Hate Tint- (days after Yield—

_tr.ins pi.in ting.) _ft/h-i)

K-i02i~
Hand veedeo once
Fluridonc
Rll 6201
CCA 26421
Oxyiluorfen 
Thiobencarb/Z.i-t/^'
Untreated
1IOK 23408

i _
-

0.
fj.
1.
0.

_
1.

0 i
25

08 A
9>> 1 0
0 i
25 4

-
u i

,
T

1

2.
2 .
1. 
1.
0,

,6
T

.2
,2
.1
.y

.5
0

a
a
a
a
a
a 
ab

be
c

—The slant bar indicacts that the herbicides were formulated or 
r.i>:ed together and applied as a single trc-atsfiit.

-Means folluved by the sane letter are not significantly 
different at the 5': U-vel.

yield reductions due to weeds can be substantial in the 
transplanted a^an crop if they are not controlled adequately.

De Datta and Bernasor (1977) reviewed the subject of weed 
control in rainfed transplanted rice. They reported that 
herbicides such as nitrofen, butachlor, NTN 5810/2,4-D, EXP 3316, 
and Prodotto D 75 appeared outstanding for weed control under 
these conditions. Other compounds that performed well in 1977 
are given in Table 8. Yields from the be.-it of the herbicide 
treatments were not superior to those from the plot that was
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weeded once. To be acceptable to the farmers, a herbicide must 
cost no more than what would be spent for one hand weeding. 
Inexpensive herbicides such as 2,4-D do not perform well when 
applied at preemergence of rainfed transplanted rice because the 
water supply may be unreliable.

REFERENCES CITED

Ahmad, M.S. 1976. New technological information on HYV rice. 
Pages 114-119 in Workshop on experience with HYV rice 
cultivation in Bangladesh. Bangladesh Rice Res. Inst. 
Publ. 24.

Bolton, F. R., and S. K. De Datta. 1977. Dry soil mulching to 
conserve soil moisture in tropical rainfed culture. Paper 
presented at the 7th Annual Meeting,Crop Science Society of 
the Philippines, La Trinidad, Benguet, Philippines, 5-7 May 
1977. 7 p. (mimeo)

Crafts, A.S. 1975. Modern weed control. Univ. California Press, 
Berkeley, California. 440 p.

De Datta, S. K., and P. C. Bernasor. 1977. Weed control in 
rainfed transplanted rice. In Bangladesh Rice Research 
Institute. Proceedings of the international seminar on 
photopariod-sensitive transplanted rice, 24-28 October 1977, 
Dacca, Bangladesh.

IRR1 (International Rice Research Institute). 1977. Annual 
report for 1976. Los Bafios, Laguna, Philippines. 418 p.

IRR1 (International Rice Research Institute). 1978. Annual 
report for 1977. Los Bafios, Laguna, Philippines. 548 p.

Mahyuddin, S., and Soeharsono. 1976. Soil tillage and land 
preparation for gogo rancah. Paper presented at the 2nd 
Workshop on Cropping Systems, Cent. Res. Inst. Agric., Bogor, 
Indonesia, 23-24 August 1976. 7 p. (mimeo)

Mian, A. L., and M. A. Gaffer. 1968. Tok granular (2,4- 
dichlorophenyl-p-nitrophenyl ether) as a weedicide in 
transplanted canan rice in East Pakistan. Pakistan J. Sci. 
Res. 20:119-124.



Weed control in tainfed rice 245

Mian, A. L., and M. A. Rahman. 1969. Chemical control of weeds 
in rice culture".' Pakistan J. Sci. Res. 21:61-66.

Mian, A. L., and M. M. Karim. 1970. A study on the planting 
practices in aus rice. Pakistan J. Sci. Res. 22:59-63.

Smith, R.J., Jr. 1960. Nitrogen management in rice infested 
with barnyard grass. Arkansas Farm Res. 9(1):2.

Yamane, K. 1976. Ecology of weeds emergence and their control 
in direct-seeded rice cultivation on upland field after 
flooding. Hyogo Agric. Exp. Stn. Spec. Bull. 51. 120 p.



Diseases of lowland rainfed rice

S. A. MIAH andT. W. MEW

Limited research has been focused on rainfed lowland rice and 
its disease problems. Because of the different growing seasons 
and cultural practices, the disease patterns in different 
countries vary.

• In most of tropical Asia, the wet season is from May to 
October (Oka 1975). The extended duration of cloudy and humid 
conditions affects the incidence and severity of foliar diseases.

• Planting practices may result in dense plant stands, 
enhancing the development of some diseases. If the stubble of 
the previous crop is not totally dr.composed when the rainfed 
crop is planted, diseased stubble may serve as a potential 
inoculum source.

• Flooding and drought are commonly associated with 
rainfed rice. The alternate wetting and drying of fields may 
have either harmful or beneficial effects on disease development.

• If susceptible varieties are planted, increasing the 
level of soil fertility increases disease incidence and severity, 
and improved crop management may enhance disease problems. On 
the other hand, it is not known whether low soil fertility 
levels or poor crop management, which are frequently associated 
with rainfed rice, reduces the severity or incidence of some 
diseases.

The lack of information on diseases and their epidemics in 
rainfed lowlands makes it difficult to formulate strategies for 
their control. We attempt to compile the available information 
on diseases of lowland rainfed rice. Most of the rice diseases 
reported here are described in detail in books by Padwick (1950) 
and Ou (1972).

TYPES OF DISEASES

Diseases of rice grown in rainfed lowland fields are similar to 
those of irrigated rice and have been described by On et al

Postdoctoral fellow and associate plant pathologist. International Rice Research Institute, 
Los Bartos, Philippines.



248 Rainfed rice

(1975). The diseases may be manifested on seedlings, foliage, 
sheaths, roots, culms, panicles, or the entire plants. They 
may be caused by fungi, bacteria, viruses, or nematodes.

Seedling diseases such as blight, seed-rot, or damping- 
off may be observed in early growth stages in rainfed fields. 
Mew (1977) observed leaf scald, neck blast, udbatta, stack 
burn, bacterial blight, some grain spots, and brown spot on 
rainfed rice in southern and southeastern India and severe 
tungro infection in rainfed rice in Thailand. Whether the 
diseases are more severe in rainfed than in irrigated rice 
remains to be confirmed.

Of the nematode diseases, ufra (stem nematode), white tip, 
and cyst nematode have been observed on rainfed lowland rice 
on the Indian subcontinent as well as in Africa (Bidaux 1973, 
Van Nieuwenhuyzan 1973).

MAGNITUDE OF THE DISEASES

Rice blast, caused by P"ji'ic'n1at'ia or\iz(ie is considered one of 
the most important diseases of rainfed rice in many countries. 
Neck blast affects photoperiod-sensitive transplanted varieties 
of rainfed lowland rice in Bangladesh, India, and Nepal during 
the later growth stages. Mew (1977) attributed neck blast 
incidence to the cool temperature, heavy dew formation, and 
prolonged dew period during later growth stages. Continuous 
rainfall during early crop growth has been observed to reduce 
leaf blast incidence (Chakrabarti 1977).

Brown spot, caused by Coa/ilioboluz tri]<G!.>can:ti.! , is 
especially severe in India and Bangladesh on kharif or 
transplanted aman rice (Chakrabarti 1977, IRRI 1977). Other 
fungal diseases, and their causal agents, that affect Lowland 
rainfed rice are leaf scald, Rhiincfiosjwi'i.nm or-.ir.ri--, sheath 
blight, Tfianatephot-uf! aucwner-ia; and sheath rot, Acr-aculindn'.nm 
oryzae. Diseases associated with rainfed rice are narrow brown 
spot, kernel smut, leaf smut, udbatta, and stem rot. They have 
been commonly observed by researchers, but not studied in 
detail.

Bacterial blight may be as important in rainfed lowland 
rice as in irrigated rice. In a recent survey, farmers and 
researchers considered bacterial blight a major limiting factor 
in a medium-deep rainfed rice area in the eastern states of 
India (IRRI 1977, Mew 1977).

Continuous heavy rainfall and poor crop management may 
help suppress the vectors of such virus diseases of rice as
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tungro and grassy stunt (Kirn 1969, Lowe 1970, Lowe and Nandi 
1972, and Kisimoto and Dyck 1976). Detailed studies of the 
vectors and the virus diseases are lacking in lowland rainfed 
rice.

A similar statement can be made for rice nematode problems, 
even though their incidence in some African and Asian rite- 
growing areas has increased (Van Nieuwenhuyzan 1973, Frohlich 
and Rodewald 1973, Delassus 1973).

MANAGEl-ENT EFFORTS AND PROBABLE 
FUTURE STRATEGIES

At IRRI and in many national rice improvement programs, sources 
of resistance to many of the major diseases have been identified 
and are being used in breeding programs (Table 1, Ou et al 1975). 
The major breeding effort, however, strongly emphasizes the 
curtailment of disease outbreaks or epidemics. Scientists 
should be alert to the so-called miyior or unnoticed diseases, 
and those that are endemic to specific rainfed rice regions.

From the plant pathologist's point of view, information 
on rainfed lowland rice diseases is lacking. Although the 
diseases of rainfed rice may not differ from those of irrigated

Table 1. Sources of resistance* to major rice diseases.

Disease________________Sources_______________________

Bacterial blight DZ192, BJ1, TK.M6, Chinsura Boro 11, DA29, 
DV85, Nagkayat, Malagkit Sungsong, Zenith, 
Slgaclis, Rraiadja, W12d3

Blast Carreon, Ictep, Pawn, Ma.-noriaka, Colombia 1, 
R.-mi Tulasi, Kataktara, DA2, Zenith, Tadukan, 
C46-15.

brown spol Dakar Nagra, Natjra 41-K, Patnai 23, 
Kalm.l 219, ChU, Chi5, T141, K98-2A, 
BAMIO, Hainan 217, Clilu Tin DUu, Norin 17,

Sheath blight Lak.i, Ta-poo-Qio-i:, /»ti Palman, DuJsar, 
NC67S, Bali.vsla, Muhrai., Pankaj, DZ192, 
Uular, llashikalni, Ct(!l206, etc .

Tungro Basniati 370, Bastnati J7, Ben^awan, 
R.ra Tulasi, Raj nimdal Baran, Peta, 
Pankhart 203, 1'TlllS, IK., 1121, TK-Mb, 
Sisaiiis, Lattsail, DA29, Indrasall 
HabivjanJ Du;unon £»8, JC170, Mala, 
Kataribhog, Kalijcera (fifty other lines 
t-y Anjon.-iyulu 1977)
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rice, disease patterns of the same diseases may vary from 
region to region. The distinct difference in growing seasons 
and, thus, the different agroclimatic conditions, undoubtedly 
influence the development of epidemics.

Because the major effort in resistance breeding across 
regions is basically concerned with the major diseases, outbreaks 
or epidemics of rnirtor diseases, unnoticed diseases, or diseases 
of endemic nature may also occur. As rice improvement programs 
place more emphasis on lowland rainfed areas, remember that 
the minor diseases today could be the major ones tomorrow. 
At the moment, we cannot predict or estimate their occurrence 
and economic impact. Therefore, we urge fellow pathologists 
to be watchful and to exert their research efforts ou both 
the major and minor diseases of rainfed rice -- an area of 
rice pathology that has been neglected in the past.
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Land and climate in relation to cropping patterns

R. A. MORRIS and H. G. ZANDSTRA

Knowledge of cropping pattern determinants can be used to 
select research areas with unexploited production potentials, 
to design improved cropping patterns and locally adapted crop 
management components, and to specify concisely the domain of 
adaptation of tested cropping patterns. For these reasons, soil 
and climatic determinants, as one component of the cropping 
systems research method, have been studied in relation to 
cropping patterns.

A rainfall pattern classification based on typical monthly 
crop water requirements (Table 1) was the product of an early 
effort to identify and classify determinants for rice-based 
cropping systems (1RRI 1974, Oldeman and Suardi 1976, IRRI 1977), 
The first level of the classification denotes the length of the 
dry season — the number of consecutive months with less than 
100 mm rain. The second level denotes the length of the wet 
season — the number of consecutive months with more than 200 mm 
rain. Additional levels allow the insertion of information about 
other rainfall pattern characteristics such as rapid transition 
from wet to dry months. The criteria of 100 mm and 200 mm were 
selected on the basis of the monthly water requirements of rice 
and other field crops. The classification provides general 
information on average durations of rain available to sustain 
crops. An earlier version of it was used to develop agroclimatic 
maps for the Philippines, Bangladesh, anil the islands of Java 
and Sulawesi in Indonesia.

This wet-month, dry-month rainfall classification loosely 
defines agricultural production potentials for rainfed conditions, 
but because it is based on monthly means, it masks variability in 
the distribution of rainfall from season to season and during the 
season. Furthermore, it suggests nothing about how soil-related 
factors (or, in more general terms, land-related factors) modify 
the rate of accumulation and the duration of water in ri;e 
paddies. Knowledge of rainfall variability and land-induced 
modifications of paddy water regimes is important to the full 
understanding of the fanners' present cropping strategies, and 
of course to research for improved technology to help the farmer 
improve his cropping patterns and associated management 
strategies.

Agronomist, and head. Cropping Systems Program. International Rice Research Institute, 
Los Bafios, Philippines.
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Table 1. Rainfall classification syscem of the Philippines.

Climate type Dry and wet months—

1.1
1.2
1.3
1.4
1.5

2.1
2.2
2.3
2.4
2.5

3.1 (not possible)
3.2
3.3
3.4
3.5

4.1 (not possible)
4.2 (not possible)
4.3
4.4
4.5

•; 2 DM and
> 9 WM
7-9 WM
5-6 WM
3-4 WM
< 3 WM

2-4 DM and•• 9 WM
7-9 WM
5-6 WM
3-4 WM
< 3 WM

5-6 DM anil
> 9 WM

7-9 WM
5-6 WM
3-4 WM
< 3 WM

> 6 DM and
> 9 WM

7-9 WM
5-6 WM
3-4 WM
< 3 WM

^DM " consecutive dry aonths vith 100 ran rain, WM 
consecutive wet oonths with 200 tm rain.

In this paper, we present the partial results of an 
analysis of the onset and termination of wet-season rainfall, 
based on historical daily rainfall records, and an analysis of 
land-related factors that modify paddy water regimes. The 
analyses pertain to two cooperative Philippine Bureau of Plant 
Industry (BPI)-International Rice Research Institute (IRRI) 
cropping systems project sites, both of which are now in their 
fourth year of operation. The sites are in Manaoag, Pangasinan 
province and in Oton-Tigbauan, Iloilo province. Salient 
physical characteristics of the sites are in Table 2. Although 
the sites include both rainfed and partially irrigated sectors, 
the data and discussion we present refer only to rainfed fields.

RAINFALL ONSET AND TERMINATION

For a rainfed crop, farmers' cropping strategies are undoubtedly 
influenced by the variability they have experienced in the onset 
and termination of the wet seasons. To develop more efficient
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Table 2. General physical characteristics of the Pangasinan and Iloilo cropping systems sices.

Rainfall - months with more than 200 mm
- months with less than 100 en
- type ilesiKnacion

Great soil Rroup

Dominant soil pH range

Dominant aoil organic matter range (2)

Land system clasac-B

Pangasinan

3-4

5-6

3.4

Ktitropcpts

Clay loan- 

6.9 - 7.8

1.5 - 2.6

a) Flat piains of .1 river

Iloilo

5-6

2 ~(4

2.3

Pelluderts, Eutropepts, 
Tropfluvunts

Clays, silly clays 

5.0 - 6.7

2.0 - 3.0

a) Interhill miniplains ank( 
lower colluvial slopes of

b) Levees of an alluvial 
subsystem

an alluvio-coUuvial 
subsystem

b) Flat plains of a river 
retrace subsystem

early crop establishment methods and to determine the risk 
associated with cropping patterns that include a second rainfed 
rice crop, the variability in onset and termination of rainfall 
should be better understood.

Using rainfall data from Tigbauan (Iloilo) and Dagupan 
(Pangasinan), variation in onset was examined on the basis of 
rainfall accumulations summed forward daily for each year 
starting at 1 April; variation in termination was examined on 
the basis of rainfall accumulations summed backward daily for 
each year from 31 March.J./ For each year, several accumulation 
criteria were used to investigate the onset of the wet season: 
25, 50, 75, 100, 125, and 200 mm. The lower values (25 to 75 mm) 
correspond to the approximate amounts of rainfall necessary to 
obtain emergence and early growth of dry-seeded rice (Furoc et 
al 1978). The highest value (200 mm) corresponds to the 
approximate amounts needed to initiate puddling. The dates when 
the accumulations were reached for each year between 1950 and 
1970 for Tigbauan, and between 1949 and 1970 for Dagupan, were 
ranked from earliest to latest to obtain the empirical 
cumulative distributions presented on the left side of Figurss 1 
and 2. The average onset dates based on these criteria are given

1 As a follow-up comparison, the onset and termination dotes determined by accumulations of 
weekly totals differed only slightly from those determined on the basis of daily precipitation 
(Appendix Tdble 1;. Therefore weekly records can be used to determine the distributions, which 
will reduce the computational workload.
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Table 3. Average dates of onset and termination of rainfall In 
the growing season.

Rainfall (mm)

25

50

75

100

125

200

500

400

300

200

100

Pangasinan

15

24

27

4

7

18

<,

12

23

3

15

Apr.

Apr.

Apr.

May

May

May

Sept,

Sept .

Sept,

Oct.

Nov.

(11)

(14)

(14)

(13)

(14)

(12)

. (19)

. (16)

, (17)

(17)

(55)

^

S

12

17

22

3

9

20

2

17

10

Ilotlo

May

May

May

May

May

June

Oct .

Oct .

Nov.

Nov.

Dec .

(21)

(19)

(20)

(21)

(20)

(27)

(29)

(30)

(32)

(35)

(42)

5. Average date on which Indicated rainfall has been 
received. Figures in parentheses are standard deviation.

in Table 3. Figures 1 and 2 and the higher standard deviations 
associated with average dates in Table 3 show that the onset of 
rain is more variable in Iloilo than in Pangasinan. The 
expected onset is from 9 days (at 25 mm) to 15 days (at 200 mm) 
earlier in Pangasinan at the 50% probability level. At the 80% 
probability level, the difference ranged from 20 days (at 25 mm) 
to 24 days (at 200 mm) earlier (Zandstra and Maligalig 1978).

Several accumulation criteria were also used to investigate 
the wet season termination: 100, 200, 300, 400, and 500 mm. The 
lowest value (100 mm) would normally represent the date after 
which only light sporadic rains would fall late in the transition 
period between rainy and dry season or during the dry season, and 
the higher values (500 to 300 mm) represent dates after which 
sufficient rain would be expected to sustain a second rice or 
other short-duration field crop, assuming a fully charged profile 
at planting. Note that standard deviations were greater for the 
100-mm accumulations than for the higher valued termination 
criteria.
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1. Cumulative probabilities of having received a given amount of rain on a certain date (start) and of still receiving a 
certain amount of rain after a given date (end) for the lloilo rainy season (Tigbauan rainfall records 1950—70).
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2. Cumulative probabilities of having received a given anyjunt of rain on a certain date (start) 
and of still receiving a certain amount of rain after a given date (end) for the Pangasinan rainy 
season (Dagupan rainfall records 1949—70).
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A transplanted second rice crop can be used as an example 
to demonstrate the application of the criteria to cropping 
pattern design. If it is assumed that 360 nun of water is used 
for evapotranspiration of an 80-day rice crop, 100 mm is used 
during land preparation, and 50 to 100 mm of extractable water 
remains in the profile before land preparation, water 
requirements to be met by rainfall are in the vicinity of 400 mm 
at low seepage and percolation levels (0.0 to 0.5 ram/day in low 
landscape positions or fields over shallow water tables), and 
500 mm at moderate levels of seepage and percolation (1.0 to 2.0 
mm/day in intermediate landscape positions, or fields over deep 
water tables)(Zandstra and Maligalig 1978).

Average termination dates based on the four criteria are 
presented in Table 3. Empirical cumulative distributions are 
presented on the right side of Figures 1 and 2. Excluding the 
100 mm criterion, average termination dates in Iloilo are about 
5 to 7 weeks later than those in Pangasinan. The standard 
deviations associated with the different criteria, except for 
100 mm (Table 3), and the cumulative distributions (Fig. 1, 2) 
indicate that Iloilo experiences greater variation in termination 
dates than Pangasinan.

With the use of the empirical distributions in Figures 1 and 
2, the dates determined by each criterion at 207., 50%, and 80%
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probabilities for onset and at 50% and 80% probabilities for. 
termination are presented in Table 4. On the basis of the dates, 
75 mm of rain would fall by 9 May in Iloilo and 27 April in 
Pangasinan in 50% of the years. Assuming 75 nun will be 
sufficient to obtain emergence and sustain early growth, farmers 
should dry-seed before those dates to derive greatest benefit 
from early rainfall in 1 year out of 2. To derive rhis benefit 
in 4 years out of 5, they should seed before 19 April in Iloilo 
and 17 April in Pangasinan. To successfully grow a transplanted 
rice crop with 80-day field duration in 4 out of 5 years, the 
crop should be planted before 24 September in Iloilo and 
20 August in Pangasinan assuming moderate (1.0 to 2.0 mm/day) 
seepage and percolation losses so that only 500 mm of rainfall 
would be required. With low seepage and percolation losses (0.0 
to 0.5 mm/day), and for a requirement of 400 mm, the 
corresponding dates would be 30 September and 24 August.

As an extension of the procedures illustrated in the 
preceding paragraph, the expected days available for the first 
crop, given 400 or 500 mm of rainfall remaining for the second 
crop, were determined for 50% and 80% probabilities (Table 5). 
The total expected growth duration available for both crops, 
assuming the first crop's emergence as dry-seeded rice at 75 mm 
accumulation and the second crop's termination as a transplanted 
crop with only 100 mm expected after harvest, were also 
determined (Table 6) .U The table shows that the Iloilo

Table 5. Expected days .iv.ill.ible for growth ol A direct-seeded rMnfed first rice crop, 
400 -mi and 500 Tin of rainfHll remaining for .1 transpl .icucd second crop In Pangasinan and 
Hollo.

given

Location Pn'ti.ibl 1 i t y

l'.ini!a»lii.iii 0.8

" 0.8

" 0.5

11 0.5

Ilnllo 0.8

" O.S

" 0.5

" 0,5

Expected date 
of 75 TO 

accucni lat ion

1 1 May

11 Hat

27 A?r.

.'7 Apr.

25 M.iv

?5 H.IV

9 H.iy

9 May

Expected 
remainlni; 
rainfall

(rn)

400

500

400

500

400

500

400

500

Date for 
planting 

second crop

30 A.. 8 .

20 A,,,.

12 Sept.

3 Sept .

30 Sept.

24 Sept .

22 Oct.

12 Oct.

Days (no.) 
available 

for growth

111

101

138

129

128

12:

166

15b
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environment should be more favorable than the Pangasinan 
environment for a two-rice cropping sequence. In fact, trials 
in farmers' rainfed fields in the cropping systems programs 
have shown that many more farmers planted a second rice crop in 
Iloilo than in Pangasinan. However, the Pangasinan fanners 
used the dry-seeded method, while the Iloilo farmers opted for 
the wet-seeded method. The results of the trials will be 
discussed in the section on land-related determinants.

MODIFICATIONS OF FIELD FLOODING REGIMES BY LAND-RELATED
FACTORS

The previous section showed how the variability of wet-season 
onset and termination may affect cropping strategies and the 
duration of the growth per iod available for r.-jinft'd rice production, 
Within a given locality, however, land-related factors alter 
the net water supply by influencing the rate of surface and 
subsurface drainage into and out of a field. Field flooding 
regimes can be shortened or lengthened by natural and farmer- 
induced land drainage factors, relative to regimes that are the 
r.crmo.1 expression, of a given rainfall distribution. The same

1 In constructing the tables, it was assumed that the onset and termination dates in eech year are 
independent. Simple correlations on two pairs of criteria (100 mm end 200 mm), taken at both 
sites indicate the dates ere unrelated, except for the 100 mm pair at Dagupan, for which a 
moderate negative correlation (-Q.49M was obtained. Therefore, the Pangasinan durations may 
be overestimated.
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land-related factors that shorten or lengthen the normal regimes 
are also factors that affect the domain of adaptation of rice- 
based cropping patterns.

Data f ron r.topping systems research in Pangasinan and Iloilo 
have led to the hypothesis that several factors play roles in 
modifying flooding regimes in rice fields. The factors are 
landscape position, water table depth, soil texture, and water 
source. Because the special focus of this conference is rainfed 
rice culture, we will concentrate on rainfed aspects. Details 
of analytical methods and a more complete discussion of 
Pangasinan and Iloilo analyses can be found in Morris et al 
(L978).

In die analysis of land-related factor effects, a flooded- 
status-day (FSD) concept has been used. It is basically the 
reverse of the stress day (SD) concept used by IRR1 scientists 
in other studies (Wickham 1973, Wickham 1977, IRRI 1977). There 
are two important differences in the concepts. A FSD is any day 
during which there is standing water on the field; a SD is any 
day beyond 3 successive days during which there is no standing 
water on the field. The other difference lies in the 
application of the two concepts. For this analysis, FSD were 
counted daily over about a 6-month period, whether or not a crop 
was on the field; SD were counted only during the period a crop 
was actually being grown. In practice, FSD and SD for the same 
period are highly correlated. Sucli characteristics as the 
rapidity of KSD increase at the beginning of the season, the 
reliability of l-'Sl) over the season, and the rate of FSD decline 
at the end of the season are important factors that affect 
pattern pert"o nuance and thereby influence the domain of pattern 
adaptation.

To place designed cropping patterns into suitable environments, 
cropping svstems researchers divided the Pangasinan site into 
several environmental complexes (IRRI 1977, Herrera et al 1975, 
Gines et a! 1977). The major division between complexes was 
based on tleplh of water table. Further divisions wore based on 
differences in soil texture, water source, and relative elevation. 
Relative elevntion reters to the difference between fields located 
in waterways (i.e. broad, natural occurring dm i nagoways) and 
in ncin-wa t erwavs .

The hypothesis th.it (he eiivironnieiit.il i onip 1 exes affect 
cropping pattern performance is implicit. For an evaluation of 
land-re 1.Hod factors, changes in FSD were examined in datj 
collected in crop year 1976-77. The effects of land-relatod
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factors were examined over the season to understand better the 
.role of each factor as the season progresses.

For the Pangasinan data, computations were made using the 
number of FSD observed at 3-week intervals as 13 sets of 
dependent variables for a model containing land-related 
classification factors as independent variables. The 13 
dependent variables were obtained by summing the number of 
observed FSD in weeks 1 to 3, in weeks 3 to 5, in weeks 5 to 7, 
etc. starting with 26 May, 1976. The 1-week overlap was 
incorporated to reduce the effect of farmers' field operations, 
such as drainage before harvesting, on the number of FSD 
observed.

The land-related factors that influenced FSD regimes were 
water table depth class, water source class within water table 
depth class, and relative elevation within the water table depth 
and water source classes. The four rainfed diagrams in Figure 
3 contain estimated FSD frequencies for land units for 
a 27-week period. To join the points, smooth curves were drawn 
through the 13 FSD estimates for each classification. The 
diagrams show that water table depth was the major factor 
differentiating land units.

The two major differences between rainfed shallow and deep 
water table land units, as characterized by the FSD regimes, were 
an earlier increase in FSD, and a broader interval of peak FSD 
frequencies in the shallow water table units. In the same units, 
much less rainfall was required to recharge the subsoil, and the 
saturated substrata reduced deep percolation losses. It is 
apparent that substantial early rainfall was used to recharge 
the deep water table units. Soils in the deep water table 
sector are very permeable, and rainfall rapidly infiltrates and 
percolates to deep soil layers.

Contrary to the hypothesis, the FSD regimes of fields located 
within relative depressions or waterways did not differ 
markedly in the deep water cable sector. Differences, however, 
were noted in the shallow water table sector.

Soil texture has also been postulated as a factor modifying 
FSD regimes. However, early models indicated that texture was 
less important overall than relative elevation differences. 
Soil texture was therefore abandoned as an explanatory variable 
so that model degrees of freedom would be reduced. Composite 
FSD estimates from an early model,, which included the texture 1 
class of the second soil horizon as an independent variable for 
the land unit containing the greatest number of c'-servations, 
are presented in Figure A. The difference between estimates
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Rainfall (mm/wk) 
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3. Weekly total rainfall and estimated flooded status day 
(FSD) regimes for 8 Pangasinan land units, weeks 19 to 47 
1976.

4. Estimated tlooriod status day IFSD) icgimes tor heavy-textuied and 
light-textured, rainfod, nonwalerway. deep water table land units, Pam;asinan. 
Philippines, weeks 23 to 39, 1976.
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indicates that soil texture altered the regimes in favor of 
heavy-textured soils but the difference occurred during the rise 
of maximum FSD frequency.

Over the period examined, changes in model sum of squares, 
total sum of squares, and intercept values reflected the 
influence of rainfall distribution on FSD, especially after the 
land units had been recharged. The model indicated that water 
table depth was the dominant factor explaining the difference 
between land units, and its importance was greatest during the 
first three-quarters of the period examined.

Iloilo

^ .atements of the expected effect of landscape and soil factors 
on cropping pattern adaptation have been clearly expressed for 
the Iloilo site (IRRI 1976, Magbanua et al 1977). The procedures 
used to analyze the Iloilo FSD data were the same as those 
applied to the Pangasinan data. The period of Iloilo data 
collection was, however, slightly longer and the factors 
examined were, of course, appropriate to Iloilo land systems.

Although rainfall lias a major influence on FSD regimes, 
landscape class nod if led FSD regimes on heavy-textured fields 
(Fig. 5 a-f). Relative elevations within a landscape class, as 
indicated by low, middle and high classes, were important only 
for side slopes. Smooth curves have been drawn through the 15 
estimates for each unit. For the rainfed units, a trend toward 
decreased FSD frequency, when progressing from waterways to high 
side slopes, was apparent. The major differences between units 
occurred after the 37th week, reflecting a greater decline in 
frequency for the higher landscape positions. There was little 
difference in FSD regimes between the medium and high side slope 
and between the plateau and low side slopes.

For the Iloilo rainfi-il units, all FSD estimates began at 
high frequencies because of heavy rainfall that preceded the 
start of data recording. In the lower landscape positions, the 
extension of FSD beyond the end of the peak rainy periods arose 
through late surface-flow and interflow from higher elevations.

Composite FSD frequency estimates from four rainfed fields 
located on plateaus having medium- or ]ight-textured soils are 
presented in Figure 6. Comparing Figure 6 witli the rainfed 
plateau diagram in Figure 5 suggests that a medium- or light- 
textured second soil horizon hampers the formation of a perched 
water table. Pseudo-gley soil profiles indicate that perched 
water table effect is common in Iloilo.
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5. Weekly total rainfall and estimated flooded status day (FSD) regimes for 
8 heavy-textured rainfed and irrigated lloilo land units, weeks 19 to 51,1976.
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6. Estimated flooded status day (FSD) regimes 
for rainfed medium- and light-textured plateau land 
units, lloilo, Philippines, weeks 21 to 51, 1976.
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As in the Pangasinan analysis, model sum of squares, total 
sum of squares, and intercept values reflected the dominance of 
rainfall at the peak of the wet season. The role of landscape 
was moderately important over all 15 periods. The effect of 
relative elevation within side slope positions was moderately 
important during a few days toward the middle of the wet season 
and again at the end of the season. The effect of texture was 
important during the first four periods, as medium- and light- 
textured soils were being recharged, whereas perched water 
tables forced on the heavy-textured soils.

PATTERN PRODUCTION AND FARMERS' RESPONSES

Two questions naturally arise:

1. What are the implications of these analyses for crop 
performance?

2. What are the implications for fanners' cropping strategies?

In the research methods employed at the Pangasinan and 
Iloilo sites, the management decisions made by favrner-cooperators 
under field situations are used, together with crop performance 
data, to evaluate cropping pattern performance and effects of 
environment. Because the two projects are primarily research- 
methods oriented, changes other than in rainfall distribution 
(varieties, fertilizer level, etc.) that have occurred during 
the 2 years make interpretation more difficult. However, 
differences in farmer response and crop performance obtained 
were sufficient to support current interpretations of the 
rainfall and land-factor analyses.

Rainfed rice yield data, summarized from the Pangasinan and 
Iloilo cropping systems project for crop years (CV) 1976-77 and 
1977-78, are presented in Tables 7, 8, and 9 to aid in the 
discussion that follows.

The rainfcd rice yield averages in Table 7 show higher 
yield potentials in Iloilo than in Pangasinan. This is believed 
to be a result of more reliable field flooding regimes in Iloilo, 
although other factors such as differences in inherent soil 
fertility may also be operating.

Pangasinan

In Pangasinan, most CY 76-77 first rice crops were 
transplanted because of fanner skepticism about dry seeding.
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Table 7. Average yields of single- and double-cropped tainted rice, Potigasinan and Iloilo 
cropping systems sites, crop year 1976-77 and crop year 1977-78,

V i e 1 d - (t/ha)
Crop year ___ Pang as in an___ ____ _____ ______ 

Single Double Single Double

1976-77 3.1 (28) 4.7 + 2.8 (5) 5.3 (7) 5.3 + 2.3 (41)

1977-78 3.7 (24) 5.1 + 1.9 (21) 4.8 (69) 5.9 + 1.6 (25)

— Figures in parentheses are number of observations.

Table 8. Average yields of single- and double-cropped rice 
for Pangasinan, crop years 1976-77 and 1977-78, by water table 
depth.5

Yield (t/ha)
Deep yater^ table Shallow water _tgj_le__^ 

Crop year Single Double Single Double

1976-77 3.6 (16) 4.7 + 2.8 (5) 3,1 (12) None

1977-78 A.I (15) 5.9 + 1.7 (8) 3.6 (9) 4.9 + 2.1 (13)

- Figures in parentheses are number of observations.

Table 9. Average yields of single- and double-cropped rice for Iloilo, crop years 1976-77 and 
1977-78, by landscape position. £

Yield (t/ha)
Side slope ______ ________ Pla_teau

Crop year Single Double Single Double Single Double

1976-77 5.1 (5> 5.0 + 1.7 (10) 5.2 (2) 5.3 + 2.3 (30) 4.4 (1) 5.5 + 3.4 (4)

1977-78 4.6 (28) 6.9 + 1.0 (2) 5.2 (27) 5.8 + 0 (1) 4.5 (10) 5.8 + 1.8 (22)

- Figures In parentheses nre nimber of observations.
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Patterns were started later than possible, and only 15% of the 
farmer-cooperators on rainfed fields attempted a second rice 
crop. After overcoming skepticism for dry seeding, 47% of the 
farmer-cooperators of rainfed fields attempted a second rice 
crop in CY 77-78, mainly because dry seeding permitted the first 
crop to be harvested early enough to transplant a second one. 
In both years, all farmer-cooperators who planted two rainfod 
rice crops used dry seeding to establish the first crop. 
Compared with fanners in the deep water table sector, a larger 
portion of the ^armer-cooperators in the shallow water table 
sector attempted a second drop. The observation suggests that 
farmers perceived the shallow water sector to he. more suitable 
for double rainfed rice crops.

In the shallow water table sector, all of the CY 77-78 
double rice crops were grown in waterway positions. The 
slightly higher yields of the CY 77-78 second crop confirmed 
the hypothesis that the shallow water table sector is more 
adapted for growing two rainfed rice crops (Table 8). However, 
lower single rice crop and first rice crop yields were obtained 
in the shallow water table sector than in the deep water table 
sector. The lower yields mav 'nave been caused by deeper than 
optimum water at tile peak of the wet season, but the association 
has not yet been documented.

The Pangasinan data suggest that in rainfall regimes where 
only 4 months with greater than 200 mm of rainfall are expected, 
prospects for growing 2 rainfed rice crops will be enhanced by 
dry-seeding the first crop and by selecting landscape positions 
that will lengthen field flooding beyond the normal duration. 
For both years, the estimated growing season durations were 
slightly more than 170 days, assuming 75 mm for onset and 100 mm 
for termination (Table 10). It is unlike 1v,however, that a 
second rainfed crop will be consistently high yielding in locali­ 
ties with rainfall patterns similar to those of Pangasjnan.

From the lloilo data, the contrast between years is obvious 
from the average second crop yield (Table 7). CY 76-77 as 
determined by 75 mm onset and 100 mm termination dates, was 
rather long, but CY 77-78 was extremely short (Table 10). In 
CY 76-77, 91% of the rainfed farmer-cooperators grew two rice 
crops, but only 27% did in CY 77-78. On all landscape positions, 
second crop yields averaged 2.3 in CY 76-77 and 1.6 t/ha, in 
CY 77-78. But because of changes in water regime, the percentage 
of farmers growing second crops on each landscape position, as 
well as average yields, changed between years.
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Table 10. Growing season duration for Por.gostr.nn and Ilo)!o, 
based on the criteria 75 mm for onset and 100 mm for terrainstion. 
crop years 1976-77 and 1977-78.

Duration (days)
Crop year

1976-77

1977-78

Pangastnan

173

171

Hollo

225

151

The majority of Iloilo farmer-cooperators broadcast 
their first rice crop on puddled soil; dry seeding has not 
worked well because of difficulties in preparing the heavy clay 
soils when dry. Most farmer-cooperators also preferred the 
labor-saving broadcast method to transplanting for establishing 
their second rice crop, despite the greater probability that a 
broadcast second crop would incur late season drought stress.2.

The Jloilo results suggest that high yielding first rice 
crops or single rice crops can be expected on all landscape 
positions, under wet seasons that arc either much longer or 
much shorter than average. But only the lower landscape units 
(plains and waterways) appear capable of sustaining second crop 
yields when an abbreviated wet season is experienced. In 
CY 77-78, most farmers in higher land units realized that they 
would experience low yields or failures and did not attempt a 
second crop. A few accepted the risk and obtained no yield (for 
the yields of fanners who planted a crop but experienced failure, 
0 was entered in the computation of means in Tables 7, 8, and 9).

In typical years, it appears that most Iloilo fanners in 
low landscape positions can successfully grow second rice crops 
using wet broadcast methods for one or both crops. In most 
years farmers in intermediate landscape positions may 
successfully grow second crops if they dry-seed the first rice 
crop and transplant the second, which would lead to earlier 
harvests of both crops.

'This behavior may be risk avoiding — the high, early cost of transplanting is offset by a lower 
and later cost of weeding, which allows farmers to condition their inputs to the quality of the 
crop at that time.
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CONCLUSIONS

It is apparent that the onset and termination of the growing 
season are variable within a locality, and between localities. 
The variability in both dates was much greater in lloilo than 
in Pangasinan. Differences in variability undoubtedly lead to 
differences in cropping pattern adaptation and in the strategies 
farmers use to grow the patterns. In the sites studied, the 
differences in crop performance between two crop years agreed 
with the interpretation of the analysis, although changes in 
factors other than rainfall distribution occurred between the 
years in question.

There are identifiable land unit differences within the 
rainfed Pangasinan and lloilo sectors. Landscape, soil texture, 
and water table depth factors play important roles in modifying 
the number of days paddy fields are flooded, and their effect 
changes as the season progresses. Crop performance and farmer 
practices responded to the differences in FSD regimes as well 
as to differences in rainfall distributions between CY 76-77 and 
77-78.

Because climatic and land-related factors affect the 
adaptation of rai.ifed rice-based cropping patterns, a clearer 
understanding of the behavior of tiie factors is required. This 
will aid in focusing agronomic and economic research on priority 
problems that need to be solved to improve the adaptation of 
more intense patterns for rainfed agriculture. The temporal 
variability associated with the climatic factors and the spatial 
variability associated with the land factors alter production 
potentials not only directly, hut also indirectly because 
fanners are not likely to apply costly inputs to increase output 
from risky rainfed systems. Farmers are keenly aware of the 
variability in these factors, but the variability often seems 
overlooked by others. An increased understanding of the 
differences observed should aid dialogue among the farmer, the 
change agent, the production program formula tor, and the 
researcher. The resulting improvement in allocation of private 
and public resources can lead to increased benefits.

As more data from the Pangasinan and lloilo sites become 
available, additional analyses will add to the knowledj,. ? of the 
variability and behavior of the climatic and land factois. 
Additional sites will be selected to examine the extent of 
variability over a wider range of rainfed environments.

_
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Appendix fable 1. Dates associated with the probability (P-0.5 
and P"0,8) of received and remaining rainfall at Pangasinan and 
lloilo, as determined froc weekly rainfall totals.

Onset
Received 

rainCaU(tn) P(0.5)

25
50
75

100
125
200

25
50
75

100
125
200

13 April
20 April
26 April
31 April

7 May
18 May

26 April
6 May

11 Hay

17 May
21 May

5 June

Teminat ion
Remaining 

P(O.S) rainfall(on) P(O.S) P(0.8)

26 April
5 May

11 Hay
17 Hay
20 Hay
27 May

lloilo

15 May
22 May
27 May
29 Hay

3 June
19 June

500
•100

300
200
100

500
400
300
200
100

2 Sept
10 Sept
23 Sept

1 Oct

28 Cct

11 Oct.
20 Oct.

31 Oct.
23 Nov.
12 Dec.

19 Aug.
29 Aug.

1 Sept.
16 Sept.

3 Oct.

19 Sept.
30 Sept.
U Oct.
22 Oct.

10 Nov.



Indian cropping patterns for possible use in rainfed lowlands

M. V. RAO

It is difficult to precisely indicate the extent of rainfed 
lowlands in India. Most rice workers feel that of 39.5 million 
ha in rice, about 5 million ha could grow shallow-rainfed rice 
(5 to 15 cm); 10 million ha, intermediate-rainfed (16 to 49 cm); 
and A million ha semidcep and deepwater rice (50 cm or deeper).

In the shajlow-rainfed regions, photoperiod-insensitive 
varieties of 130-135 days as well as photoperiod-sensitive 
varieties flowering in October are grown. Kith either type, the 
rice crop is harvested by the end of November, or earlier. In 
the in termediate-rainfed lowlands, only photoperiod-sensitive 
varieties are grown, which are harvested by mid-December. It is 
reasonable to assume that the major area growing rabi pulses 
(Table 1) is planted after harvest of that rice crop. For 
example, in 802 of the rice area in Madhya 1'radesh where rainfall 
is from 1,270 to 1,620 mm, rice is grown year after year as a 
kliari f crop and followed by black gram (Slirivastava and Choudhary 
1974) .

The only apparent way of improving the cropping pattern of 
kharif rice followed by rabi pulse is by varietal improvement. 
Kanwar (1972) stressed the need for varieties of pulse crops for 
the predominant ly monorul ture paddy areas of West Bengal, eastern 
Uttar 1'radesh, and Bihar.

[•A'eryone is aware of the vagaries of the monsoon in India and 
the unpredictable land submergence during crop growth. This paper 
presents the results of stvidies on the jute-rice sequence, at the 
Central Rice Research Institute (CRR1) over a 3-year period. The 
results could be useful for areas in the shal l.ow-ra infed and 
intermediate-ra ini'ud category.

KKSEAHCH ON IVTE (HIRST CROP)

Of two species of cultivated jute, aarsn tt.'i'iV jute is the one 
grown on lands subject to submergence because it can tolerate 
waterlogging at late growth stages. Presently, 0.75 million ha 
jute is grown primarily in eastern and northeastern India (West 
Bengal . Orissa, Assam, Bihar, Uttar Pradesh, Manipur, Tripura, 
Moghalaya, and Nagaland). Because of a worldwide demand for jute

Agronomist, Central Rice Research Institute, Cuttack. Orissa, India.
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Table 1. Area in India growing rabi pulses, 1975-76.

Andhra Pradesh
Assan
Bihar
Madhya Pradesh
Orissa
Utcar Pradesh
West Bengal
Maharastra and Karnataka
Other !(E regions

Total

Mean yield (kg/ha)

Area
Gram

90
-

250
1900

40
1730

100
650

20

4780

730

(thousand ha)
Other pulses

510
80

910
1320
930
730
540
380
050

5450

500

Table 2. Fiber yield of saf-fjlaric jute varieties at the Central 
Rice Research Institute (CRRI) lovlands.

Variety

JRC 7447-
JRC 1105s
JRC 5851
JRC 201
JRC 890
JRC 6340
JRC 1172
JRC 4444
JRC 6382
JRC 212
JRC 978
JRC 3121

1971k

1948
1879
1942
2014
1726
1609
1734
1749
1527
1882
1678
1637

Fiber vield (kg/ha)fi
1972

3122
2997
2993
2873
2988
3027
2769
2917
3055
2876
2982
3015

1973

3477
3415
3042
3072
3351
2908
3141
3225
3181
3168
3252
3324

^ Seeding dates: 1 April 1971, 28 April 1972, 17 Hay 1973.
— Low yields in 1971 were due to heavy rainfall during the 
growing period (1,400 m as against 20-year average of 900 nm),
— Released for faraer cultivation.

the area maybe extended without adverse eftect on the agricultural 
economy.

Initial CRRI studies (1971-73), in collaboration with the Jute 
Agricultural Research Institute, Barrackpore, evaluated 12 
capsulajrzc, varieties on clay loam where water started accumulating 
at the end of July. In general, the water was 15 to 30 cm deep, 
occasionally increasing to 45 cm after heavy rain. Water started 
receding in November and the land surface remained moist until 
the first week of December. Subsoil moisture continued to be 
adequate for another 2 weeks. Jute yields are in Table 2. 
Neither the jute crop nor the rice crop were irrigated.
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Table 3. Performance of rice varieties after capsularia jute. 
Central Rice Research Institute (CRR1) , 1971.

Date of sowing
Date of planting
Spacing

Fertilizer level

N(kg/ha)
P 2 0 5 (kg/ha)
K_O (kg/ha *

Date of flowering
Dati; of harvest
1'lot size (m )
Grain yield ikg/ha)

Jagannath

28 June
23 August
15 x 15 era

110
40
40

8 Noveaber
8 December

1050
2520

T 141

28 June
26 Augcst
15 x 20 cm

60
20
20

26 October
28 November

1100
2000

Vijaya

18 July
26 August
15 x 20 cm

120
40
40

4 November
4 December

370
3105

In 1974 the study was extended to determine the performance 
of jute that was sown late, i.e. k June. Heavy reins severely 
affected the crop, and remedial measures such as resowing, 
additional nitrogen, and foliar spray of urea did not improve it. 
The yield was only 30 kg/ha. Delayed sowing of jute appears 
risky for oapsularis , and early sowing with premonsoon showers — 
with a deadline around 15 May — are better.

SECOND CROi' (RICE)

In 1971, rice varieties Jagannath, T 141, and Vijaya, were grown 
after jute harvest. The data indicate that planting of old 
seedlings coupled with high fertilizer level gave good yields 
(Table 3). The yields were considered satisfactory, considering 
the major damns 0 that the trial suffered from a severe cyclone on 
29 October.

In 1972, 12 rice varieties tested included some cold-tolerant 
early varieties. All wi-re planted at J 15- x 15-cm spacing and 
received 100 kg N'/ha and -tO kg/ha each of P 0 O and K.,0. Crop 
details and yields are in Table 4.

The djta indicated the suitability of Jagannath to follow 
(\;r^:<Lir!i' jute. CR 1014, NC 1281, and T 141 also were suitable. 
Among the cold-tolerant var ;.et ies, Kalinga 2 was the best and was 
15 days earlier than others.

In 1973, the rice vurietal trial was continued with the same 
fertilizer level and cultural practices. Some of the gall midge-
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Table 4. Performance of rice varieties (planted on 22 September) 
after eafa^lafis jute. Central Rice Research Institute (CRRl), 
1972.

Acs of Date of Grain vield ., , a 
Vj"e »- seedling harvest (Wha) Rcmark^

Jagannath
NC 1281
CR 1014

Vijaja
CR 126-.33-1

(Kalinpa 1)

CR 126-42-2
(flings 2)

CR 126-27-15
CR 126-53-1
CR 126-42-1
CR 126-42-3
CR 126-42-5
CR 123-32
rankaj-
CR 1014 b 
T lilt

C.D. (.05) to
cocpare
varieties

45
45
75

45

45

45
4;

45
45
45
45
45
45
75 
73

27 Dec.
27 Dec.
27 Dec.

6 Jj.i.

13 Dec.

12 Dec.
12 Dec.
12 Dec.
12 Dec.
12 Dec.
12 Dec.
12 Dec.

8 .7an.
27 Doc. 
12 Dec.

; i

72
72

73

72

72
72
72
72
72
72
72
73
7>
Tl

4098
3728
3857

2020

3511

3852
3354
2512
3303
2654
3643
3730
2563
4T16 
i44S

f>59

P. D, I
P. T, 1
P, T, 1; superfine

Brain
Medium duration D, 1

CT early variety;
coarse £rain

- do -
- do -
- do -
- do -
- do -
- do -
- do -

P, D, I
P, T, I 
P, T, 1 ; medium

^rain; popular in
Orissa

-~P » photoperiod ser..si t ivc. D « dwarf, T 
cold tolerant.
—Bulk crop prowu in 300 to 400 a .

tall, I * indica, CT

resistant cultures and a few other medium-duration varieties like 
Vijaya were included. Mahsuri, whii-h lias become popular in 
recent years in Andhra 1'radesh and other states, was also included. 
Data on varietal performance are in Table 5.

Data for the 1971-73 trials indicate that the photoperiod- 
sensitive varieties are more suitable for late planting after 
jute. In addition, old seedlings .ire preferred because they are 
taller at planting and capable (if withstanding any unprecedented 
heavy rain; they are practically free from tunc.ro virus; and 
their height at harvest is reduced because ol a reduced 
vegetative phase, resulting in nonlodKiiiK at maturity. The cold- 
tolerant cultures and the mudiurn duration liinh v ieldin^ varieties, 
which did well in earlier years, performed poorly because of n 
fairly severe incidence of tungro virus.

In 1971-73 the rice varieties were grown at high fertili/.er 
input because the period available for tiller production was 
shorter. In 197A, the trial was modified to include selected



Indian cropping patterns for rainfed lowlands 279

Table 5, Performance of rice varieties (pl.tnt.ud ! (j September) 
after ea;auKu i tn jute, Central Rice Research Institute (CRRI), 1973.

Variety

KalinKa 1
KaliiiRa 2
CR 123-22
Jayanthi

CR 93-4-2
(Shakti)

CR 94-MR 1
CR 140-<>2
Jaflann.ith
Jagann.ith
!-C 1281
NC 1281
CEB 24
CR 1014
Mahsur i

-1' - photi

Ap,e (dnvs) 
of scedl in£

30
3(1
10
10

JO
v>0 JO

4D
JO
9.)
JO
'(II
'IV
80
43

Date of 
harvest

7 Dec. 73
7 Dec. 73
7 line. 73

29 Dei:. 73

2.'. Dec. 73
29 Dec. 73
17 Dec. 7 J
22 Dei . 73
12 Dei . 73
11 Dei. 7J
:i [Vc. 73
10 He,-. 73
24 Dec. 73
31 Dec. 7 )

period sensitive, CT *

Grain yield

1112
1424
1053
1769

19 (>9
1493>;'.
17.'.')
3103
1428
Jl.0 r>
11)43
J09li
714

cold tolerar

Kraarks-

CT
CT
CT
Med ium dura t io

siiperf ine y.r

Call isid|;e res
(".all nid)*o res
I..ite .liir.it. ion
!'. I), I
I'. D, 1
!'. T, 1
1', T, I
1', T, I
P, T. I
Imin-japonica

T and photop
in.--.ens 1 1 ive

it, 1 = indica,

MV;
in

s tant
slant
, 1

Hybrid
er iod

D •
dwarf, T » tall, MV • nodern variety. C.D. (.05) to compare 
varietie.s-270 k«.

varieLies ;ind three levels of nitrogen (50, 75, and 100 kg N/ha) 
to dc'lerini ne wlu'ther ;i liiijh nitroj'.en level was actually needed. 
Details .'ire presented in T.ible 6.

It was observed tli.it r)0 kj; N/h;i was adequate, and that extra 
yield, it ,-uiy, at a higher level of nitrogen, was marginal. 
Plant i in; old seed 1 ini'.s o! .laj'.annath again proved best — yield 
was •»,!<)'> l-i;/h.i at "H) k;; N/ha. I'atel (1975) also reported the 
suitability ol" Jagannat h in a jute-rice rotation in the lowlands 
of Wes t Henga1 .

Ar.iont', the plintopef iod-sens i t i ve tcill indicas. N'C 1281 was 
the best (yield of 3.M1J kg/ha at 50 ks; X/iia), followed by Bam 6 
and CK 101't. Ct interest was the yield (3,488 kg/ha at 50 kg 
N/ha) of Tainan t mutant (387-4), which had performed miserably 
in 1977 when planted in October. Among the medium-duration 
varieties. IKJO and CK93-4-) (Shakti) did well. Mahsuri had 
imperfect exsertion of panicles, and flowering was not uniform.

In kharil 1977, nine early varieties and five photoperiod- 
sensitive varieties were tested for suitability for planting as 
late as 1 October. Sp-u-ing was 15 x 15 cm and fertilisation was 
dO kg N and -H) kj-./ha each of I'2 l) 5 -md K-iO. Within the first two weeks 
of crop growth, the crop remained submerged for 2 days after the 
sudden accunml ;i tion of water following rains. Results from this 
trial are presented in Table 7.
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Table 6. Nitrogen x variety trial of rice varieties (planted on 
24 September) after jute on lowlands. Central Rice Research 
Institute, 1974.

CR 93-4-2
1R20
Jjyanthi
CR 140-62
CR 94-KR 1550
Vijava
CR 1014
Bam 6
SC 1281
T 141
T 90
Jagannath
Tainan 3 nritant

(387-4)

Age
(days) of

45
45
45
45
46
45
58
5S
58
58
56
75

25

harve

26 Dec.
27 Dec.
31 Dec.

3 Jan.
1 Jan.
3 Jan.

30 Dec.
27 Dec.

1 Jan.
10 Dec.
28 Dec.

3 Jan.

27 Dec.

74
74
74
75
75
75
74
74
75
74
74
75

74

Grain
50 kg 
S/ha

3211
2867
2421
983

2365
2265
3215
3323
3602
2663
3004
4195

3488

vield (kg
75 kg 

N/ha

2536
3316
2378
1137
1864
2156
3454
2644
3865
3209
3017
4027

3721

l/haj
100 kg 
N/ha

3021
3297
2346

573
2005
1623
2926
2254
4071
3108
2721
4161

3742

C.D. (.05) to compare varieties - 444 kg/ha.
S. V x N not significant.
C.V. for main plots (S) - 9.0*.
C.V. for subplots (V) - 1J.3%.

Table 7. Varietal trial with late planting, 1 October. Central 
Rice Research Institute, 1977.

Age Grain 
Variety (days) of yield 

seedl ir.gs (kg/ha)

Supriya
Racna
CR 44-1
JS 52-202
Annapurna
Kalinga 1
Pusa 2-21
Tainan 3 mutant
CR 141-192
Vijaya
CR 1014
CR 1009
CR 1005
Jagannath

28
28
28
28
28
28
28
28
28
28
65
65
65
65

566
2185
835
840
856
894
878
795

failed
874

2132
2555
2069
861

Remarks

High incidence of
Free frota tungro
High incidence of

- do -
- do -
- do -
- do -
- do -

tungro

tungro

Practically no tillering
Free from tungro

- do -
- do -
- do -
- do -
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TESTS IN FARMERS' FIELDS

The jute-rice pattern was included in the 1971-74 national 
demonstrations by CRRI on farmers' fields where a capsularis jute 
was followed by photoperiod-sensitive Jagannath. Trials were in 
shallow lowlands where jute, harvested in the first week of 
September, was followed by rice. A NPK fertilizer level of 
40-20-20 kg/ha for jute and 80-40-40 for rice was adopted. Data 
from 20 such trials indicate the feasibility of the jute-rice 
rotation in rainfed lowlands (Table 8).

During kh.-irif 1976, CRRI tested the jute-rice rotation in 
seven farmers' fields on intermediate rainfed lowlands. Jute

Table 8. Jute-rice in Central Rice Research Institute trials in 
farr.ers' fields, 1971-74 and 1976.

Crop V.iriutv Trials Yield r,lns p ML-.™ yield 
' (no.) (t/h,i) (c/ha)

Jutt'
Rice

lute
Rici-

:.••', •!..•: :V~ ->:.:r."j ::,••:;' :>: Y;

.IRC 74i7 20

.lasnmuth 20

•:>:.-;?•:/ I?76

JRC 7ii< 7
Hi 1014 7

,'j: :';.

1 .8-').
3.3-fc.

1.2-3,
2.0-3,

,0
7

,1
,2

2.4
4.7

2.3
3.6

(JRC7447) was sown in May and harvested in mid-September. Sixty- 
day-old seedlings of CR 1014 rice were planted in the third week 
of September. The fertilizer level was 60-20-20 kg NPK/ha for the 
jute crop ;irul 30-20-20 kg NPK/ha for the rice crop. The results 
of the demonst r;ilions are in Table 7.

The dat;i indicate that jute followed by rice (preferably 
photoperiod-sensitive) may be used in rainfed lowlands of shallow 
to iiitermed i;ite submergeiu-o.

OTHKK POSSIBLE CROPPING PATTERNS

il workers havo suggested such patterns as rice-wheat, rice- 
pea, oarly rice-lnte rice, and rice-pulse for specific regions. 
A summary .if the recommendations is given in Table 9.
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Table 9. Suggested cropping patterns for different regions of India.

Lower As B ,13 valley 
and North 3enij.il

K0si area (low land) 
of Bih,ir

tt>rthw*M Sihjr and 
e.istt'rn U.P,

5vnR.il

Possible cropping patterns

Jute-rUe (Manon.ir.saIi. photo- 
period sensitive)

Jutf-l.ile rice; rice-onion 

Jute-wheat ; jute-pea

.!ut.c-firo (T lil, plioioperiod- 
sensitivi.1 )

Cuttcick, Pun , 3alAsore .Kae-rxe 
.irt'J of Or i sun

Chattitt;jr!i, M.P. 

Goal para, Kaarup.

Oriss.i \neditra lands)

West Ponn.il 

South Bihjr 

South BihJr (hisM

iv e-1 inii-tM , Slack

Jutc-t.iU indio.i; early 
Jeep water r ice

Kitkiiti and Borthakur 1971, 
Clvsh 1972

Chosh 1972 

Ghosh 1972

C.hosh 1972,
PanJe ;ind Mittra 1978

Ohosh W12

Jetham.iUni an-1 Oioubey 19 

M.il.anta and Pnrthflkur H72

Rice-pul se ; jute-rit-c; e»ir ly r ice- Das and Sahu 1 4 72, 
l.uc rice MUr.A 1973

EJrlv rice-Lite rice (J3p.inn.ithi Misra 197H
Juce-I.ite rice fJ.i<.inn.ith)
Finder ai 11 el-late rite ( J.ig:innjth)

S'.-\nde jnJ Kit ir.i 197-? 

IV.nJe and Mittrj 1978
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Cropping patterns for rainfed lowland rice areas in Indonesia

SURYATNA EFFENDI S.. J. L. MCINTOSH, SOETJIPTO PARTOHARDJONO. .nd HAERRUDIN TASLIM

The soil and rainfall conditions for rainfed lowland rice have 
been adequately described in the papers. Their effects on 
rice production and cropping patterns are basically the same from 
place to place and country to country. The interaction of 
agroclircatic factors with availability of supplemental water for 
irrigation and local markets determine, for the most part, the 
cropping patterns farmer?, will use.

Many times in Indonesia there i.s no distinct si>pa r.'i t ion 
between irrigated and nonirrigated areas. If the source of 
irrigation water is small streams or flow from paddy to paddy, 
the situation is most accurately described as a distribution 
system rather than irrigation, or as an irrigation system that 
is rainfall dependent.

Vast underdeveloped are/is in Indonesia have tremendous 
potentials for rice production, but they ore rainfall dependent 
and do not fall within the typical rainfed rice classification. 
They include the swampy and tidal areas of Sumatra and Kalimantan. 
The swampy CiS-lak) areas are considered deepwater rice areas. 
The tidal (paean? "•••ln '.t~j areas are also rainfall dependent 
because they are usually drained and the tidal influence is 
removed before development. Soil management and cultural 
practices are different, but the risks due to inadequate water 
control are about the same as those for rainfed lowland rice.

The availability of water tends to he the most dominant 
factor in rainfed rice culture and for the cropping patterns into 
which the rice crop fits. Even the effects of such important 
factors as soil and slope tend to be masked by the leveling, 
bunding, and flooding for lowland rice culture. The classification 
of rice land in Table 1 shows the relative importance of rainfed- 
and rainfall-dependent rice in Indonesia.

(popping systems agronomist. Central Research Imtitule for Agriculture ICRIA); cropping 
systems agronomist, CRIA and Cooperative CRIA/IRRI Program; and cropping systems 
agronomist, CRIA, Bogor.
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1. I'ru'iftil «-I:is«;if imt iun and ,ir«a of rice land in InJunesia.-

Cl.isM f icjil ion 
English Indoiii'siitri
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R/MNFED LOWLAND RICE

For the purpose of this paper we will not discuss the rice land 
areas classified in Table 1 ns upland, fully irrigated 
(guaranteed), or polder. The swamp and tidal areas are 
classified us rainfed but will be discussed only indirectly.

The areas with partial, and simple irrigation systems will 
be included in the area classified as rainfcd lowland. The 
dominant factor influencing crop production in the first two 
areas is the uncertainty of water availability. The same 
uncertainty exists for the strictly rainfed lowland areas. Some 
uncertainty is removed from much of the rainfed lowland area in 
Indonesia by the movement of water laterally either through the 
soil or through the paddies. Consequently, cropping patterns 
designed by fanners may be much the same for all three areas.

The partially irrigated areas are said to have semitechnical 
irrigation from the engineering point of view. Water control in 
the systems is considerable but not enough to cope with extremes 
of heavy rains and prolonged drought. Usually there is no 
impoundment and a stream serves as the water source.

There are large areas of partially irrigated rice lands 
along the nortli coast of Java and in the outer islands. In Java
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the systems may supply irrigation for 5-7 nontlis. Usually the 
rains start in October and irrigation in December. The length 
of irrigation time depends on rainfall in the area and watershed 
of the source. The following discussion is based on data from 
cropping systems research in the annual report for l l)7!i-7(i 
(Saefuddin'et al 19771 .

Figure 1 shows the target area Cor our research in West 
Java. It also shows the distribution of irrigation water in this 
part of the system and the length of time water was scheduled to 
be available. The 19fHi-7A rainfall distribution is shown in
i-'igure 2. Figures 3 and 4 show the actual rain'~,'>ll distribution 
for 1975-76, length of tine irrigation water was available 
(scheduled irrigation time cross hatched) , and 3 different 
cropping patterns that were evaluated in the areas. Cropping 
patterns II A and III A were che.-ks using the farmers' usu.il 
cropping patterns, !1 5 avui 1!1 H were the farmers' (Tupping 
patterns with their felt constraints removed (or without 
constraints), a:id II C and III C were the introduced cropping 
patterns based on our previous research and experience. Data 
for vield and analyses of costs ami returns are in Tables 2 and 3,

The data for the 7-month irrigation area show the need for 
early maturing rice and fast turnaround time for cropping patterns 
in the partially irrigated area. Farmer.1 ; in Indonesia tend to 
plant rice even when the risk is high. They tend to reduce the 
labor and input costs for the high-risk second crop. But it is 
obvious from the data that if irrigation water had i-iuled on 
schedule and 1 or 2 rain showers had not occurred, the second 
crop in both irrigation categories would have be-.n almost, complete 
failures for both farmers' cropping patterns. .)n the other hand, 
two early maturing varieties and a secondary rep were easily 
grown in the introduced cropping patterns.

The data for the 5-r.onth irrigation area illustrate a 
strategy to increase crop production by crop •n;ina;-,ei7ient . For the 
introduced cropping patterns rice was direct-seeded on aerobic 
soils at the beginning of the rainy season. The fields were 
bunded and allowed to floo-i wate/ 30-60 days when sufficient 
rainfall or irrigation water arrived. The method, called .......
-"-"•.••:'.> has been used extensively in some areas of Indonesia for 
nary years. This crop war, immediately followed by ,-inother rice 
cr^p transplanted into the just harvested area without tilling 
the soil. The .straw was cut, placed in rows, and worked into 
the- soil by the feet. This is the v<.'.v'.*: Ji-finri method of rice 
culture and is used when the turnaround time must be reduced to 
get a second rice crop.
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In 1975 some early maturing v.-. r i et ies had not yet been 
tested for i .-.' t .'' : •>'-•'•'•'• ''"'^ "•''•' .'• .-•-'• (^-M vas used ir 
the introchi'-e'd crupping patterns. As usual in their patterns, 
the farmer.'-' attempted to ;.;row tuo consecutive crops ot Felita 
rice. The results in Table 3 show that the second crop in the 
two farmers' cropping patterns were virtualiv failures. No doubt 
the farmers were encouraged to atter.pt the second rice crop 
because heavy rains hail started earl\ in tlie rainy season and 
they were able to plant rice in October. Furthermore, the 
irrigation canals had excess water that was released about 35 
davs ahead of schedule. The plantim; dates for all three patterns 
were almost exaitly the same.

This example illustrates win the partijllv irrigated area 
is iiu-'.uded in the strictly rainfed rixe ,ire.is tor Kiana>-.ewent 
purposes. The hazards are siniihir and. the strategy for avoiding 
the hazards is basicallv tlie same.

One other point should he made. Irrigation authorities 
perform a disservice when they break their schedules and release 
writer oarlv. Many farmers in the 5-month irrigation area had 
planned to" grow .:• V - l; '- ' ; ' ; rico - They nad picpared the land and 
were ready to plant when the irripatior water arrived. The fields
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T.iblc- 2. Cropping pattern. yieK! nr.J .inalv-,is of costs ami returns for each cropping pattern in a 
*~nonth irrigation area (c.tti',;orv II). Iiulra^avu, Indonesia, ll7S-7h.
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became flooded and the farmers had to rework and puddle the soil. 
Then a seedbed had to be made. The operations required time and 
extra expense by the farmers. By allowing the irrigation water 
to continue after the scheduled cutoff date, the personnel may 
also create serious problems for some farmers. Excess water long 
after the scheduled cutoff for irrigation innibits planting and 
production of secondary crops after the rice.
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We summarize the needs for partially irrigated areas.

1. The cropping patterns commonly used for the partially
irrigated areas vary according to water availability. The 
following illustrates the cropping patterns that are commonly 
used as the water decreases from a to c.

a. Lowland rice-lowland rice
b. Gogo rancali-lowland rice
c. Gogo rancah-'^alik jerorni
d. Lowland rice-legume (soybean or cowpea)
e. Lowland rice-fallow

2. Some agronomic problems need further research. For gogo
rancah labor requirements and costs for land preparation and 
weeding must be reduced. Intensive year-round patterns are 
helpful. It is inevitable that some mechanization and 
herbicides will be used in the near future.

3. Two problems that cause considerable loss of yield could bs 
solved by varietal improvement. We need a variety of firs;: 
rice crop with tolerance for flooding and a gall midge- 
resistant variety for the second crop. The absence of such 
varieties has been a major constraint to double rice crops in 
the low-lying areas along the north coast of Java. Because 
of early planting, gogo rancah helps solve the flooding 
problem, but tolerance for flooding for a period of 5-10 days 
would be useful. Elongating varieties seem unnecessary. 
Rats are a serious problem for any early maturing crop grown 
out of sequence with the surrounding areas.

4. Market constraints exist for many secondary crops. We have- 
studied sorghum but do not include it in our prtterns because 
of marketing difficulties. Cropping systems research and 
development must include close cooperation wi th governmental 
agencies responsible for market and infrastructure development. 
In Indonesia new research projects are developed within the 
framework of the provincial planning agency (BAPPEPA).

Cropping patterns for are;:;; uiih ximvle irrigation

The simple irrigation systems are mostly rainfall dependent. They 
are located in hilly arras at intermediate elevations (200 to 
500 m) . The water COITUS from small streams and springs. The 
latter provide year-round water. The areas tend to ba well 
drained and the soils are either Latosols or Andosols. The 
conditions are conducive to crop production and the cropping 
patterns are usually more intensive than those frr the partially 
irrigated areas.
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Very little research has been done on cropping patterns for 
such areas. The main research emphasis has been on development 
of component technology for the existing cropping patterns. In 
many instances the farmers prefer long-season, high-quality local 
rice varieties. The paddies may also be used for fish culture. 
Vegetable crops such r.s green beans, sweet potato, and yard-long 
bean are common. Near the cities cassava and taro are grown 
profitably for the fresh market.

1. The cropping patterns for the simple irrigation systems vary 
according to water availability and markets. The following 
illustrates the cropping patterns that are commonly used as 
the water decreases from a to f.

a. Lowland rice-lowland rice
b. Lowland rice-sweet potato
c. Lowland rice-sweet potato + corn
d. Lowland rice-corn or soybean
e. Lowland rice-vard-long beans or kidney beans
f. Lowland rice-cassava or taro
g. Lowland rice-fallow

2. Agronomic problems associated with soils are minor. In the 
past it was difficult to obtain fertilizers and insecticides, 
which were. officiallv restricted to lowland rice areas with 
good water control. The most serious problem for the areas 
that have plenty of water is rats.

3. Rice varieties '-ised in fullv irrigated systems perform
satis. actori ly in the areas of simple irrigation. At higher 
elev./tions where the irrigation water is cold, rice sterility 
is a problem. Early maturing varieties that are tolerant of 
the problem have been developed. High yielding improved 
varieties with insect resistance and hi gh quality are needed.

4. Most of the production •'.-. directly for local consumption or 
is transported to r.earbv urban areas. The local varieties of 
rice, such as Cianjur from the Cianjur area, are high quality 
and command high r./irkct prices. Production of secondary crops 
is closelv related to the available markets.

Rainfall in practically all of Indonesia is sufficient to support 
at least one crop of rice a year without irrigation. Where the 
land has soil with sufficient clay, or is in a low-lying area, 
lowland rice is usually transplanted and grown in puddled soil.
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There are some exceptions. For example, gogo rancah rice grows 
on heavy clay soils in low-lying areas, but the rice is planted 
and grows like upland rice for the first 30-40 days. This unique 
practice for a unique situation is designed to circumvent flooding 
and make use of available water before irrigation water arrives. 
But it is also contingent on soil and topographic conditions. The 
clay soil holds water well and the topography assures a gradual 
rise in the level of the water table as the rains come. Attempts 
to grow go'jo fanaak on Latosols in the Bogor area have not been 
as successful. The rapid downward movement of water leaches 
nutrients and causes drought stress after 2-3 days without rain.

Rice grown in the tidal and swampy areas of Sumatra and 
Kalimantan may be classified as rainfall-dependent lowland rice. 
Again the soil is not puddled, but is allowed to accumulate water 
and soak. Weeds are then rolled up in bundles, and the rice 
seedlings are transplanted into the soil. This is possible 
because the soil is highly organic and soft.

The area of rainfed lowland rice in Indonesia cavers about 
1.8 million ha, about 25/1 of the total rice-producing area in 
Indonesia. This cultural method is supposedly dependent on rain 
that falls directly into the paddy, with a minimum of lateral 
movement of water into the paddy. It is difficult to find rice 
paddies in Indonesia where these conditions are fulfilled. Many 
times there is flow of water from paddy to paddy, and there is 
almost invariably lateral movement of soil water. This 
classification is delineated mainly because there is no organized 
effort to irrigate.

Because irrigation water is widely available in Indonesia, 
the areas for rainfed rice tend to be fragmented. Some of the 
largest contiguous areas occur along the north coast of Java and 
the west coast of Soutti Sulawesi. The partially irrigated areas 
in Indramayu, West Java, are intermixed with rainfed rice. 
Serang (West Java) and Lamongan (East Java) tvn-e large areas of 
rainfed rice. The rainy period (more than 200 mm/month) does not 
usually exceed 4 r..onths. There are problems in getting the rice 
crop planted early enough in the rainy season to avoid drought 
stress at the heading and filling stages.

Little research has been done on cropping patterns for these 
areas. The farmers have adopted the new varieties, but many used 
less management inputs than those for irrigated lowland rice. 
Sometimes the land is not planted to any crop if weather and 
market conditions are unfavorable. This is particularly true 
near large cities where off-farm employment is available. It is 
true in the outer islands where the farmers may have employment 
in forestry or estates and a source of food (cassava or sayn and 
fish).
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Cropping patterns for tiie rainfed lowland areas tend to be 
simple. Rice is the crop that offers the most opportunity 
for income and food at the present time, but in F.ast .lava and 
eastern Indonesia corn is often substituted for rice. The 
rainfall usually varies from 5 consecutive wet months with 
more tlun -00 ~ni to -'< or less consecutive wet months. The 
following illustrates some o: the cropping pattern;; that are 
commonly used.

Lowland rico-secondary crop (soybean and cowpea)
Lowland rice-ratoon 

c. Lowland rice-sorghum 
d. Lowland rice-fallow 
t:. corn 4- peanut-fallow 
f. Peanut + cassava-fallow 
g. Com ~ cassava-fa 1 1 ow

The oprjortunirv for increased production of rice in tiie 
lowland rainfed areas is con>iderahle. There is need to 
introduce the uogo rancah method, which, has been done to a 
limited extent. irnere we attemnted to introduce ^oijo rancah 
weeds have been much no re serious than in the traditional 
cogo rancah areas. The farr.ers are not used to tiie system 
and the problems with weeds, rats, and birds for the o:t?.-of- 
:•':.;.'••: crop are severe. Flooding often occurs lncau.se the 
drainage systems have not been developed. !) irec I-seeded, 
and early maturing rice varieties with flooding tolerance 
could help solve the problems. L'nfortunatelv, farmers in the 
areas ha 1 ~aditionally grown only one crop .1 year and then 
allowed t •. .and to fallow.

In tin1 higher elevation areas farmers may grow upland 
crops during the rainy season. In other areas, particularly 
near cities, farmers develop a ridge-furrow system to control 
water. Beds are about 3 in wide. Furrows between the beds 
vary in depth .ind width, depending on the severity of the 
flooding during the rainy season. High-valued, upland crops 
such as tomato, bean, chili, eggplant, and cassava for fresli 
root are grown on the beds during the rainy season. Rice i:; 
grown in the furrows. It can be planted earlier because 
water accumulates in a smaller area and land preparation can 
begin earlier. This system, called nor,]an, is concentrated 
in some areas of Java and the tidal areas. It has been 
introduced into problem areas in Lombok. The system offers 
a means by which farmers, on their own initiative, can 
develop an effective means of water control.
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The development of markets for crops other than rice remains 
one of the major problems for rainfed lowland rice areas. 
Extension has paid much more attention to rice in fully 
irrigated areas. Cropping systems research designed to 
identify and remove the constraints to production can be 
effective simply because little research has been done in 
the past. All research should involve the provincial 
planning agencies.
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Rainfed lowland rice farming in Bangladesh — productivity and constraints

EKRAMULAHSAN

Bangladesh is one of the world's largest deltaic countries. It 
consists of the floodplains of three major rivers — the Ganges, 
the Brahmaputra, and the Meghna — and their tributaries and 
distributaries. The l.ind to the west of the Brahmaputra is 
generally higher than that on the east. During the process of 
delta building, several depressions were formed as a result of 
geological faults. The pronounced depressions are in the 
northwest (Kajshahi, 1'abn;., and liogra districts), northeast 
(Sylhet-Mymensingh Haor areas), and in the south (bed areas of 
Ishulna , Faridpur, and liarisal) . These areas are inundated with 
th • advent of the monsoon and remain waterlogged to different 
depths until Novombei .

Bangladesh has ,1 total rice area of 10.3 million ha, which 
includes single-, double-, and triple-cropped rice. Type of rice 
culture, varietal groups, and characteristics of the rainfed 
lowland crop are covered by Alimad and N'asiruddin (this volume).

PKOiHT.TlYiTY OF RICK IN RAINFKl) LOWLAND AREAS

A farm survey in selected rice-growing areas of Bangladesh 
revealed that the average Yield of rough rice is lower in the 
rainfed areas than in the irrigated (Table .1). The differences 
within each rice group are not significant, except in boro where 
the gap between irrigated and rainfed yields is 1.17 t/ha. Table 
\ also reveals that rice yields for the survey farms were 
consistent ly high.-r than the national averages.

A substantial mnge of differences exists among rice yields 
in aus, aman, and horo seasons. One noticeable feature is that 
transplanted rice has consistently higher yields than broadcast 
rice. The high yield of broadcast aman in 1977 was due to an 
unusually good year for the crop. Historically the yield of 
broadcast aman is much lower.

Member-director, Bangladesh Agricultural Research Council, Dacca.
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T.ihl.- 1. Averjgo yield .-I rice ur.cior Jiff 
ivndition* in Bmiglndesh , 1977.

Yii-lil (t/h.i) _ __ ov " " '" "Na'iTon'al' ,i

Aus (jv) 1.7S 1.4] 
R,iintt;vl briMJc.i^l 
K.i inf L'd : r.ir.sp I .int r.i 
I r r i .:a t':d '. r.in.sp I .nu i-.i

No specific study has determined the constraints to improvements 
in rainfed lowland rice farming. The constraints, particularly 
the socioeconomic or.es, ir.ay be similar to those of other types 
of rice cultivation. The rainfed lowland rice areas, however, 
may have sorr.e specific biophysical constraints that are different 
frorr. those of irrigated and upland rico farmi m;.

.:-;'•";.':;•..•:'•.•." .• >:,••;•.•;'):•.;•. One of the basic biophysical 
constraints in the minted lowland areas is uncontrollable vatei'. 
T!:e entire lowland are,.- in Bangladesh is vulnerable l;.' flood 
(i-'ig. 1). Cultivation in the rainfed areas is the direct function 
ol ti~e, an:our:l , ami distribution of rainfall. The consei]uc'iico 
is uncertainty in rice cultivation, particularly for aus rice. 
Alir.ost every year the rice crop in one or more seasons is 
destroyed by drought, flood, or both. Table 2 gives a resume of 
n.cocl damage to the rice crop for 1973-75.

Most of the rainfed lowland rice areas are double-cropped 
with aus rice (either broadcast or transplanted) followed by 
transplant anian. In some places, transplant aman rice is 
preceded by a non-rice crop such as jute. If the first crop 
(either aus or jute) is delayed by late rain, cultivation of 
transplant aman is also delayed. The existing modern varieties 
are not suitable for such conditions because most are photoperiod- 
insensitive. In addition, they are not adaptable to water depths 
as high as 100 cm.

Although photoporiod-sensitivity is not required for aus 
and the modern rice varieties are otherwise fit for cultivation,
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Flood-vulnerable area
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Table 2, Total rice area affected by flood and estimated loss in 
production in Bangladesh 1973-75 (Bangladesh Water Development 
Board, 1973, 1974. 1975).

1973
1974
1975

Rice area damaged by flood
(thousand ha)

Aus

244.9
543.8
70.9

T. am.in

392.4
120.1

6.1

Boro

56.5
115.0
24.0

Total

693.8
778.9
101.0

Loss in
production

(t)

797.9
942.9
110.6

the uncertainty of rainfall, and early drought as well as flood 
in later stages remain barriers to successful cultivation of the 
modern rices in aus. Suitable varieties are lacking, so the 
basic constraint to higher productivity of rice in both aus and 
transplant aman is the lack of a variety for the rainfed lowland 
areas.

No variety of broadcast aman rice, which is grown in 
semideep lowland areas (water depth to 100 cm), has high yield 
potential, and cultivation is restricted to traditional varieties. 
A traditional practice mixes the cultivation of aus and broadcast 
aman. Improved cultivation technology for such a situation is 
practically nonexistent.

Field experiments in selected areas to identify constraints 
to higher aus rice yields showed that levels of inputs and 
management practices higher than the level the farmers used 
did not bring about significantly higher yields. 'Hie farmers' 
level of management in the study areas during aus gave reasonable
yields. A comparison of modern and local varieties, however, 
indicated the modern varieties could give about 1 t additional 
rough rice/ha (Table 3). Economic evaluation indicated that 
high input use in aus was not profitable; however, insect control 
gave a marginal positive added profit.

Similar field trials for transplant aman rice, which is 
common in lowland areas, showed that significant yield increase and 
economic returns could be obtained with a level of inputs and manage­ 
ment practices higher than the fanners' level (Table A). Field 
trials in boro also gave significantly higher rice yields and 
economic returns with higher levels of inputs and management 
practices (Table 5).

Socioeconomic constraints. The findings of the agronomic- 
field trials led to a socioeconomic study to identify why rice 
farmers used low levels of fertilizers and other inputs. Farm
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Table 3. Yield (t/hn) of modern and local rice varieties, with 
farmers' level of inputs and oanagenent and high inputs and 
management. Joydebpur, 1976 aua (Ahsan and Hoque 1977).

Variety

Modern 
Local

Yield (t/hal
Faraern 1 level High

3.8 3 
2.7 2

level

.7 

.8

Difference 1.1 0.9

Table 4. Economic comparison of different levels of management 
with the farmers' level (M.) for rice. BRRT Pilot Project area, 
t. aman, 1975.

Treatment

M i
M2

M3

M4

H5

Yield 
(t/ha)

1.7

2.2

2.6

2.9

2.9

Added 
yield 

over M 
(c/lia) 1

-

0.5

0.9

1.3

1.2

Value 
of 
added 
vield

-

1000
1800

2600

2600

Cost of 
added 
inputs

-

367

695

944

1193

Added 
prof it 

over M

-

633

1105

1656

1407

Taka (Tk) 15.5 « US$1.00.

Table 5. Profitability of different levels of nun.igemcnt as 
compared to the lowest level in boro, 1975-76.

Management 
level

«i
H 2

M3

H4

Grain 
yield 
(kg/ha)

2416

2636

3427

3384

Extra 
yield 
over

-

220

1011

968

Value 
of extra 

yield 
(Tk/h.O-

-

433

1992

1907

Cost 
of extra 
inputs 
over M. 
(Tk/ha)

-

432

786

1031

Profit 
over M 
Uk/haK

-

1

1206

876

- Taka (Tk) 15.5   US$1.00.
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Table 6. Percent of survey fanners indicating availability of 
various inputs for rica cultivation in Joydebpur, 1975-76 (Ahsan 
and Hoque 19/7).

Input

Fertilize™ 
Insecticide* 
Sprayers

Fanners (I) indicating
Availability Adequacy 

on tine

13.02 6.08 
1.93 
0.96

surveys revealed that inputs, namely fertilizers, insecticides, 
and sprayers, were not adequately available to the fanners 
(Table 6).

A survey in 1976-77 showed better availability of fertilizers 
in the study area, but fertilizer use was low. Two reasons were 
identified: farmers' lack of capital to invest in fertilizers, and 
farmers' experience with crop loss, particularly in rainfed 
lowland rice farming systems.

There has been a general reluctance among the rice fanners to 
use credit. Farm surveys in different seasons for a number of 
years showed that only 2 to 2.5% of rice fanners used credit for 
-rop production. When the Bangladesh Government recently 
initiated a crop production credit program with easier terms, 
more fanners asked for credit. But the impact on inputs and 
productivity increase has not yet been determined.

As regards farmers' experiences with hazard and crop 
failure and their influence on fertilizer use, rice farmers have 
betn found to be averse to risk. A correlation analysis with 
farmers' hazard experience and use of fertilizers revealed a 
highly significant negative relationship, implying farmers' 
unwillingness to invest under uncertainty.

CONCLUSIONS

Rainfed lowland rice farming presents a combination of problems 
in Bangladesh. Madern rice varieties have performed well on 
irrigated land out have met an unfavorable situation in rainfed 
lowland rice areas. The rainfed areas are subject to drought and 
are vulnerable to flood and crop damage. Farmers' incentives
for higher investment in rice cultivation in such areas are 
lacking. The situation is varied and the problems are diverse.
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The solutions are difficult and their prospects are low. The 
available improved rice production technology does not fit the 
area.
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Productivity and constraints in rainfed lowland rice farming in 
eastern India

T. K. PAL

I base this paper on my experience as a member of an Indian 
Council of Agricultural Research-1RRI team for a production- 
oriented survey in Bihar, West Bengal, and Orissa 9-24 September 
1977. The team had the broad objective of identifying production 
constraints in rainfed rice and making suggestions for improving 
rice yield in general. The extreme situations of unbunded uplands 
and deep water are excluded. The extent of the rainfed rice area 
in the three states is presented in Table 1. The data, however, 
are only knowledgeable guesses by researchers with years of expe­ 
rience in rice.

Of the 15 million ha of rice land in the three states, 7.5 
million ha are considered upland bunded and shallow to semideep 
rainfed lowland. About 6.5 million ha of that are in transplanted 
rice, and the remaining 1 million ha have broadcast rice. 
Transplanted rice on 1.5 million ha and broadcast rice on 0.5 
million ha belong to the photoperiod-insensitive type; all grow 
on either bunded uplands or shallow rainfed areas with water 
depths ranging from 0 to 15 cm. Photoperiod-insensitive rice, is, 
however, not to be confused with modern rices. In 1976, 2.5 
million ha -- representing 17% of the rice area -- grew modern 
rices in the three states.

The overwhelming reliance on ths photoperiod-sensitive 
varieties for the rainfed rice areas has become an issue. One 
view favors the photoperiod-sensitive types because most of the 
modern insensitive varieties are unsuitable for areas of 
increased water depth. Pankaj, Jagannath, and Mahsuri, which are 
among the most widely planted modern varieties in the area, 
perform well only to a water depth of 30 cm. The other view 
maintains that the monsoon in the region typically ends in late 
September or earlv October when the longer-duration photoperiod- 
sensitive varieties are at the flowering stage.

Tine second view appears to have more weight for the water 
regimes considered here. At the same time, the criticism against 
the existing photoperiod-insensitive varieties remains valid. 
Such varieties may be modified either by increasing their height 
or by incorporating some tolerance for submergence.

Economist, Central rice Research Inititute, Cut tack, Orissa, India,
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Table 1. Rice area in Bilinr, Oriusa, and West Bengal, India^by specified characteristics. September 
1977.

Type of culture , 
lopogr.ipliic position. 

and water depth

1'pl-ind , bunded 

I.ouliincl (wet si-ason)

Transplanted area 
(million ha)

Photo- 
ppriod 

sensitive

1.5

Photo- 
period 

insensitive

1.0

Broadcast area 
(nil lion h.i)

Photo- 
PL- ri otf 

sensitive

-

Photo- 
period 

insensitive

0.5

total

3.0

(30-jO cm)

1-15 cm)
ed (16-29 cm)
0

0.5
1.5
1.5

5.0

0.5
_
-

1.5

-
-

0.5

0.5 0.5

1.0
1.5
2.0

7.5

A FIVE-VILLAGE SURVEY

The choice of varieties, the prevailing soil-water relationship, 
and the social, economic, and institutional characteristics of 
the region are reflected in low rice yields. Discussions with, 
small groups of farmers in eight villages in the three states 
yielded information on some of those aspects. Three of the 
villages had irrigation facilities for a major part of the rice 
in the wet season and are left out of the discussion.

Selected factors from a survey of the remaining five 
villages in Bihar and West Bengal are in Table 2. The most 
striking feature in all the villages is the preponderance of 
small holdings and the large number of fragments per hectare. 
Both have serious implications for the introduction of modern 
technologies, because of the limitation imposed by the inability 
to purchase modern inputs like fertilizers and insecticides, and 
poor management due to wide scattering of tiny plots.

The normal yield levels as well as the best and poorest 
yields in the villages are presented in Table 3. Not only the 
average yields are low; even the best yields normally obtained 
in the villages are poor. The farmers were asked to explain the 
differences between the best and the poorest yields in each 
village. Their perception of the problem is reported in Table 4. 
In three villages farmers ranked favorable soil-water relationship 
as the most important reason for obsevvtd yield differences. 
These villages are in areas where floods are common. In the two 
other villages, use of greater amounts of fertilizers was seen as 
most important.

I wanted to know 1) if the farmers perceived any potential 
for increased rice yield with no improvement in the wa.ter 
condition on the farms, and 2) what the barriers to achieving
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Selectt'd factors from a survey of five villages in Bihar and West Bengal, India, September

Factor

Population 
Cultivated ha 
People per cultivated 
Landless persona (Z) 
Size of tarn (ha) 
No. of fragments on 

typical farm 
Trend in yield ovjr 

10 years 
KR S/kg paddy

Bihnr
Baruari Rardas-Majhauli Kokdoro

3500 1698 1175 
333 180 305 

ha 10 9 6 
35 20 2 
0.8 1.0 0.6

7 11 15

sane down up 
6.0 6.0 6.9

West Bengal
Natiui Chak Manohnri

34 350 
43 75 

8 5 
17 30 
0.4 0.4

5 9

up down 
4.8 4.5

Table 3. Ranges of yield of paddy (t/ha) in five villages of 
Bihar and West Bengal. India, September 1977.

Village

Biter

Baruari 
Randas Majhauli 
Kokdoro

Vest Bengal

Natua 
Chak Manohari

Best yield Av yield Lowest yield

2.0 1.0 0.5 
1.5 1.0 0.75 
2.0 1.3 1.0

1.0 0.8 0.3 
2.4 1.5 0.6

Table 4. Ranking of reasons for differences in best and 
lowest yields in five villages in India, September 1977.

Village

Baruari 
Raradas Majhaul i 
Kokdoro

Vest Bengal

Natua 
Chak Manohari

Rank of reasons-
Ability 

Better Favorable soil- to buy 
management water condition fertilizer

3 1 2 
b 1 b 
2 b 1

2 b 1 
b I 2

— 1 • oost important, 3 • least important.

t Not inporta.it in explaining yield differences.
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this potential were. In two villages in Bihar the farmers were 
convinced that with the existing water situation, no further improve­ 
ment on the existing yields was possible (Table 5). This is a serious 
indictment_of the current available technology. Both villages- 
are in flood-affected areas with quite high water pressure on the 
rice lands. Until suitable varieties for such conditions are 
evolved, sig-.iificant improvements iri rice yields cannot be secured.

In three other villages the maximum potential yields are 
higher than ";he current best yields. The potential can, howtver, 
be achieved only through the use of larger quantities of 
fertilizers, for which most farmers do not have the required 
purchasing power. In one village, replacing existing varieties 
with improved ones is recognized as another measure for improving 
yields.

The characteristic feature of all five villages was the 
growing of traditional photoperiod-sensitive varieties. The 
typical farmer had a pair of animals (in many cases in poor 
health) and a country plow. The quality of land preparation 
leaves much to be desired. Planting is often delayed, resulting 
in low yields. Very little or no chemical fertilizers are used, 
although almost all farmers use some farmyard manure. By the 
time the varieties are at the flowering stage, the monsoon has 
receded and the rice fields have begun to dry.

Relatively shorter-duration, photoperiod-insensitive 
varieties would enable the farmers to escape the drought stress 
late in the season; however, they can be used only if they fit 
into the existing soil-water conditions.

Table 5. Potential maximim yield consistent with existing soil- 
water condition nnd barriers to achieving them in five villages 
in India, September 1977.

Village Potential yield (t/ha) Barriers

Bihar

Baruari
Raradas Hajhauli
Kokdoro

Kant

Natua
Chak RanohJri

2.1 
3.0

Variety and fertilizer

Fertilizer
fertilizer and control 

of aquatic weeds

-Under existing conditions, yields higher than current best yields 
are not possible.
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Table 6. F.irners 1 experience with high yielding rice (HYV) in 
five villages of Bihar and West Bengal, India, September 1977.

Mas HYV Hou did they If better, why 
Village ever perfora, compared aren't they 

tried? with traditional grown now? 
varieties?

Baruari No
Raadas MajhauLi Yes Tailed as rainfed
Kokdoro Yes Better High cost

Natua 
Chati Manchari

Yes 
Yes

Better 
Better

High cost 
High cost

Table 6 shows farmers' experiences with rice in the wet 
season. In four villages modern rice had been tried in the past. 
In three, modern rice performed better than traditional rice. 
Nevertheless, modern rice is not being grown in any significant 
manner because of its invariably higher input requirements, 
especially for chemical fertilizers. Most farmers are not in a 
position to buy such inputs.

It appears that poverty is the most serious constraint to 
the use of modern rices. None of the villages suffered, however, 
from the total absence of some source of credit. Commercial 
banks had branches close to the villages. Block offices and 
cooperative societies offering agricultural credit were also 
available — if not in the village, at least within a distance 
of 10-15 km. We therefore attempted to assess the need for 
extra funds and additional returns from modern rice in one 
village in West Bengal. We found that growing modern rice would 
involve an additional cost of Rs 900/ha to produce ->.n extra yield 
of 2.2 c/ha. At current market prices the value of the added 
production, worked out at Rs 1,650/ha, gave a benefit-cost ratio 
of 1.8.

Had crop enterprises been risk-free, farmers would not have 
hesitated to trek a few kilometers to secure credit. Because 
rice cultivation shows a high degree of risk, a poor farmer shies 
away from borrowing. In bad years the. farmers' need for 
borrowing increases; but as he does not meet the repayment 
schedule for his past borrowing he is generally ticked off the 
list of eligible borrowers. The team, therefore, looked into 
the incidence of crop losses higher than 20% during the past 5 
years.
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Generally, in every 2 of the last 5 years (except in Chak 
Manohari), the farmers experienced crop losses of more than 20% 
(Table 7). Drought and flood were the major sources of risk-.

Table 7. Years of crop loss of more than 201 from 1972 to 1976 in five villages in India.

Reason
Baruari

Drought
Flood 19'J,1975
Insects 1974
Diseases

Bihar
Ratadas

llajhauli Kokdoro

1973 1975,1976
197'., 1975
1972
1972,1973

; than 201 
West Bengal

Katua Chak Manohari

1971,1972 1976
1972

Contrary to general belief, insects or diseases were less frequent 
as a major source of crop loss.

The high risk in rice farming has discouraged the use not 
only of photoperiod-insensitive rice varieties, but also of modern 
inputs like chemical fertilizers for the traditional rices. The 
traditional varieties do not respond well to high dosages of 
chemical fertilizers, but they give moderate yield increases at 
low fertilizer rates. Most farmers, however, complained that 
they could not afford the input. Extension workers, in general, 
seemed.to share this view. The team examined profit margins and 
found the prevailing nitrogen-to-paddy-price rate to be 6.0 
(nitrogen price = Rs 4.50/kg, paddy price at harvest time = Rs 
0.75/kg). This does not take into account the interest charged, 
which can often be as high as 50%, as well as risks involved. If 
the typical conversion of 1 kg N applied for a paddy yield 
increase of 10 kg is assumed, the use 01" nitrogen does not 
appear to be attractive enough.

ANALYSIS OF CONSTRAINTS

It is recognized that a proper analysis of the production 
constraints must look into the production system as a whole and 
the strengths and weaknesses of the linkages between the different 
subsystems in it. A recent report of the Indian Institute of 
Management identified three subsystems of the agricultural system:

1. producer-farmer subsystem,
2. credit and input delivery subsystem, and
3. government administrator subsystem.
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The objectives of the decision makers in each subsystem 
differ and often conflict.

Within the subsystems, I stress farmer-seed-delivery-research 
and farmer-extension-research. It need not be stressed that the 
communication linkage should be two-way among the subsystems, 
rather than from the top downward as is current. A variety that 
fits the farmer's on-farm soil-water condition and the weather oE 
growing season should be made available. Haye these objectives 
been reflected in the breeding objectives of the rice breeders 
until recently? Hargrove (1977) has shown that while the rice 
breeders perceived excessive monsoon cloudiness, drought, diseases, 
insects, and injurious soils as the major limiting factors to rice 
production, ^hese factors received relatively lower priorities 
(except diseases and insects) in the breeding objectives. It 
Cakes about 10 years from the first cross to the release of a new 
variety, hut even after the variety is released, the existing seed 
production program cannot ensure tne availability of the seed to 
the ultimate users in 3 to A years.

As regards the second area of interest, it is common 
experience that the extension system in eastern India falls much 
below expectation. At present it is undergoing a major revision 
based on the training and visit system. The success of the 
extension program will ultimately depend on the availability of 
research information and new technology to feed into the system.

CONCLUSION

The prevailing IL/.; yields of rice in eastern India may be 
attributed to the small size of holdings and the poverty of the 
fanners. The land situation and extremes of weather condition 
have introduced an element of risk that discourages farmers from 
using modern inputs like chemical fertilizers. Current fertilizer 
prices are rather high and act as a disincentive to use. Farmers' 
requirements for improved rice varieties have not received 
adequate recognition in the breeding objectives of the rice 
breeders. The extension system has not acted as an effective 
intermediary between farmers and research workers.
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Socioeconomic aspects of rainfed rice production in northeast Thailand

KAMPHOL ADULAVIDHAYA

This paper presents a general view of the problems and socio- 
economic factors related to rainfed rice fanning in northeastern 
Thailand with comparisons, wherever possible, with rice fanning 
(both rainfed and irrigated) in the Central Plain.

THE PROBLEM

Boriboon and Sermsak (1979) discuss the area and yields of rice 
under different types of rainfed and irrigated conditions. They 
give the average rainfall in different parts of Thailand, the 
year-to-year variability in total rainfall and in its patterns, 
and the differences in topography and soils among the regions.

Rainfed rice production in different regions is affected by 
many factors: the differences in the physical conditions of 
production, along with differences in consumption patterns, 
transportation conditions, and milling patterns; the introduction 
of new crops in different regions; increasing levels of education; 
the increasing indications oi: rapid decline in population growth 
rates; the long-term policy of reducing the rice premium, thus 
increasing the price received by farmers relative to world market 
rice prices; and the rapid rate of growth in off-season rice 
production in the irrigated areas.

Farmers in the areas of floating paddy have little alternative 
to producing paddy. Those in the upland areas may be better off 
producing other crops.

The estimated 3.6 million ha of the shallow rainfed (5-15 cm) 
rice area represents 43% of the total rice area but only about 
one-third of the total production; the 2'K of the total irrigated 
area may represent as much as 40% of the lotnl production. Much 
of the increase in area planted to rice -- about 30% between 1965 
and 1976 — has been on marginal rice land.

Most of the shallow rainfed rico production is in Northeast 
Thailand; the remainder is in the north where people consume 
mainly glutinous rice — the type very little of which is exported.

Agricultural economist, Department of Agricultural Economics, Kasenart University, 
Thailand.
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Cassava production has increased sevenfold in the past 11 
years; much of the increase has been in the northeast.

These factors make generalizations about the socioeconomic 
problems of producers of rainfed rice difficult.

WEATHER AND SOILS

Northeast Thailand is one of the poorest regions in the country. 
Weather conditions are much worse thau in other regions, not 
because the average yearly rainfall is substantially less than in 
other regions but because the year-to-year variation and the 
seasonal distribution pattern are uneven. The rain may start as 
early as May in some years and as late as September in others. 
The arrival of substantial rain is entirely unpredictable. The 
uncertain rainfall pattern of Nakhon Rachasima in the northeast, 
for example, is notorious for causing drought damage (Table 1). 
In some years the rains end early, and in some years there may be 
a long dry spell in the middle. The variability has considerable 
effect on the year-to-year variation in rice production in the 
northeast. In addition, the northeast paddy soils are extremely 
sandy, compared with the heavy clay soils of the Central Plain. 
The maximum water-holding capacity and moisture equivalent of 
northeast soils are substantially lower than those of soils in the 
other regions. This difference aggravates the drought conditions 
in the northeast. An attempt was made to correlate the national 
paddy production with regional production for the period 1962-75. 
Year-to-year variation in production in the northeast and in the 
north was most closely related to the national variation, i.e. 
the variation in national production was strongly influenced by 
production in the northeast and north regions. This is 
understandable. In the Central Plain irrigation facilities are 
well developed and rice production is relatively free from damage 
by drought, but in the northeast and in the north irrigation 
facilities are much 3ecs developed and mostly rainfed. Therefore, 
rice production in these regions are at the mercy of the vagaries 
of the weather.

YIELD AND FARM SIZE

The 25 and 13 million rai (1 rai = .16 ha) of rainfed rice in the 
northeast and the Central Plain in 1976 represented about 472 and 
24% respectively of the total rainfed rice area in the country. 
However, the yield in the northeast (1.3 t/ha) was much lower than 
the average at the Central Plain (1.7 t/ha) and the national 
average of 1.6 t/ha (Table 2).
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Table 1. Rainfall at Nakhon Rachasima, northeast Thailand.

Year

50-year 
mean

1968

1972

1975

Rainfall (tin) .. .....
Hay

167

176

32

175

June

119

147

136

122

July

121

143

50

202

AUK-

148

175

57

62

Sept.

240

243

425

228

Oct.

170

36

193

133

Nov.

35

0

50

51

Early cessation

Middle break

Best year by 
record

Source: Department of Agriculture, Ministry of Agriculture 
and Cooperatives 1977.

Table 2. Planted area and yield of rainfed rice by regions, 
Thailand, 1975 and 1976.

1975
Region

North 
Northeast 
Central Plain 
South

Kingdom

Area 
(ha)

1,628,960 
3,301.600 
2,118,080 

602,720

7,651,360

Yield 
(t/ha)

0.23 
1.14 
1.9 
1.43

1.62

1976
Area 
(ha)

1,863,680 
3, 998, ASS 
2,105,398 

551,858

8,519,026

Yield 
(t/ha)

2.2 
1.3 
1.7 
1.8

1.7

Source: Division of Agricultural Economics, Ministry of 
Agriculture and Cooperatives 1975.

Both the northeast and Central Plain Regions grow dry season 
or irrigated rice. In 1976, the dry season rice area in the 
northeast was less than 1% of the country's total; that in the 
Central Plain was about 82%. Dry season rice yields are much 
higher than rainfed yields — about 508 kg/rai or 3.2 t/ha in the 
Central Plain in 1976 (Table 3).

Size of farmholding varies within and among regions. 
Considering the area planted to both upland crops and rice, the 
average holding is larger in the Central Plain than in the 
northeast. Considering paddy area only, the farm size in both 
regions is about the same — 30 rai or 4.8 ha. However, most 
farmers have holdings of less than 30 rai. Although farms in 
both regions are small, the higher yields in the Central Plain 
implv a higher total farm income per farm.
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Table 3. Planted area and yield of dry season rice by region, 
1975 and 1976.

1975
Region

North 
Northeast 
Central Plain 
South

Kingdoa

Area (ha)

56,892 
4,092 

303,921 
12,377

2.358,012

Yield 
(t/ha)

3.5 
0.6 
1.4 
1.8

3.2

1976
Area (ha)

39,852 
3,978 

360,301 
33,596

*37,727

Yield 
(t/ha)

1.5 
3.8 
3.2 
2.9

3.2

Source: Department of Agriculture, Ministry of Agriculture and 
Cooperatives 1977.

CULTURAL PRACTICES

Most rice producers in the northeast still use draft animals, 
usually a pair of buffaloes or oxen, for plowing. In the Central 
Plain, land preparation is largely performed by tractors, 
especially two-wheel tractors and small tractors of less than 45 
hp. In 1976, the 68,271 two-wheel tractors in the Central Plain 
and about 3,058 in the northeast represented about 76% and 3%, 
respectively, of the total in the country (Table 4). In both 
regions, transplanting and harvesting of rice are primarily done 
by hand. Most threshing is done by human and animal labor in the 
northeast; in the Central Plain it is done by tractor. In the 
northeast, weather variability often keeps farmers from finishing 
land preparation and transplanting after the rains begin. Land 
preparation is therefore poor and adversely affects rice yields. 
Under these conditions, rented tractors may increasingly be used 
for at least the first plowing and for other land preparation 
activities for rice.

Fertilizer use is increasing. For the period 1966-76, the 
amount used increased from 144,025 to 618,084 t — 4.3 times the 
quantity used in 1966. The amount used per hectare, however, was 
still small: about 62.5 kg/ha for rainfed rice and about 200 kg/ha 
for dry season rice in 1976 for the whole kingdom. The northeast 
region used the lowest amount — about 31 kg/ha for rainfed rice 
and 125 kg/ha for dry season rice. Farmers in the Central Plain 
used about 75 kg/ha for rainfed rice and about 220 kg/ha for dry 
season rice.

Table 5 gives some 1973-74 data on fertilizer use. In genenal 
farmers in Thailand use very little fertilizer because its price 
is more than two times the price of rice. In addition, uncertain 
weather, rice diseases and insects, and crabs and rats disoouragq 
investment in fertilizer.
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Table 4. Number of tractors and size by region, Thailand; 1975-76.—

4-vlieel tractor 2-wheel tractor
Region <45 hp > 45 hp Total

___________No. Z No. Z No. X_______

North 4,109 24 4,474 34 11,220 13 19,803
(21) (23) (56)

Northeast 1,401 8 3,164 24 3,058 3 7,623
(18) (42) (40)

Central Plain 10,902 65 5,103 38 68,271 76 84,276
(13) ( 6) (81)

South 480 3 597 4 7,452 8 8,529
(6) (7) (87)

Kingdom 16,892 100 13,338 100 90,001 100 120,231
[14) [11] [75]

^timbers in' parentheses are percent of regional total; numbers in 
brackets are percent of national total.
Source: Adulavidhaya et al 1977.

Table 5. Fertilizer used for rainfed and dry season rice in 
Thailand by region, 1973-74.

Region, rice type

NORTH
Rainfed

Nonglutinous
Glutinous

Dry season

NORTHEAST
Rainfed

Nonglutinous
Glutinous

Dry eeaaon

CENTRAL PLAIN
Rain fad

Nonglutinous
Glutinous

Dry aeason

SOUTH
Rainfed
Dry season

KINGDOM
Rainfad

Nonglutinous
Glutinous

Dry naaeon

Ferti­ 
lizer 

<t)

662
2,094
1,740

20,751
45,242

177

137,969
167

11,688

10,651
84«

170,033
47,503
1A.453

Kg/ha of Kg/ha of Areas using 
planted fertilized fertilizer 
area area (X)

5.38
2.94

99.88

.15.44
21.44
6.97

32.94
0.69

53.88

52.75
109.06

32.50
17.38
56.25

94.25
12.31

142.69

34.31
33.63

123.19

..
77.31
46.31

221.94

82.94
206.88

62.25
32.06

207.13

5.70
24.27
70.00

74.15
63.83
13.34

42.60
1.48

24.28

63.64
52.71

52.25
54.23
27.16

Source: Division of Agricultural Economics, Ministry of 
Agriculture and Cooperatives 1977*
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Rice fanners in rainfed areas ot the northeast still grow 
more of the traditional rice varieties which are photoperiod 
sensitive. The most popular varieties in the region are the 
glutinous rice Niaw Sanpatong and the nonglutinous rice Khao Dawk 
Mali. Tho two arc not resistant to many major diseases and 
insects. The government has released two new varieties of 
glutinous rice that have shown superior yield capacity but their 
use in the northeast is not yet widespread. Their unacceptability 
is partly due to the poor quality of the soils in the area. In 
contrast, practically all of the land in the Central Plain uses 
the new varieties for off-season or dry season rice cropping. 
Glutinous rice is the cereal staple in the northeast, and 
nonglutinous rice, in the Central Plain.

COST AND RETURNS

The cost of rice production per rai in the northeast is the lowest 
among the regions because of the low level of inputs applied. 
Human and animal labor is largely used and costs are relatively 
low. Average cost of producing rainfed rice in the northeast was 
about US$131/ha and US$98/t in 1976. In the Central Plain, it was 
about US$191/ha and US$110/t (Table 6). In the same year, the 
average cost of producing dry season rice in the northeast was 
about US$179/ha and US$135/t; in the Central Plain, it was 
US$274/ha and US$85/t (Table 7). The cost per ton of rice in the 
northeast in both seasons is relatively high compared to that in 
the Central Plain. That is explained by the lower yield per 
hectare in the northeast. Besides, the price of paddy in the 
northeast is lower than that of the Central Plain, which is closer 
to the Bangkok market. The average cash income from rice 
production in 1977 was US$33 in the Northeast and US$178 in the 
Central Plain.

TENURE AND CREDIT

Most farmland in the whole country is owned by farmers. In 1976, 
fanners owned an estimated 84% of farmland; only 127, was rented. 
In the Central Plain about 65% of the farmland was owned and 
about 31% was rented; in the northeast, about 91% was owned and 
3% rented. The number of farmers who rented land in the Central 
Plain was relatively greater than that in the northeast — about 
41% vs 9%. Because many farmers still do not own land, the 
government has just launched a land reform scheme. The scheme 
aims to improve the tenure arrangement for landless farmers, small- 
scale farmers who have inadequate land for cultivation, and farm 
tenan ts.

Although farmers in the northeast are mostly owner-operators, 
they are still poor. Most are smallrrsc-ale operators and are in
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Table 6. Coat of production and yield of rainfed rice by region. 
1974-75 and 1975-76.

Region

North
Northeast
Central Plain
South -

Kingdom

North
Northeast
Central Plain
South

Kingdom

Cost
USS/ha

176
132
202
183
164

184
131
191
193
161

of production
USS/t

19 74 -7 S

76
11'!

lOll
127
127

197S-76

97
98

110
82
95

Yield (t/ha)

2.3
1.1
1.9
1.3
1.6

2.2
1.3
1.7
1.8
1.7

Source: Division of Agricultural Economics, Ministry of 
Agriculture and Cooperatives 1976.

Table 7. Cost of production and yield of dry season rice by 
regions, 1974-75 and 1975-76.

Region

North
Northeast
Central Plain
South

Kingdom

North
Northeast
Central Plain
South

Kingdom

Cost of
USS/ha

244
219
271
189
266

272
179
274
225
273

production
USS/t

1974-7S

89
75
94
84
94

1975-76

78
135

85
123

85

Yield (t/ha)

2.7
2.9
2.9
2,2
2.8

3.5
1.3
3.2
1.8
3.2

••'Jl

Source: Division of Agricultural Economics, Ministry of 
Agriculture and Cooperatives 1976.

debt. On the average, they had debts of US$110/farm in 1973. 
The problem ot indebtedness is more serious in the northeast than 
in the Central Plain. The government has maintained a credit 
program for the farmers through private banks and the Bank for 
Agriculture and Agricultural Cooperatives since 1966. However,
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the scheme is not of much help to small fanners — especially in 
the northeast — who do not have collateral for loans. Farmers 
in the northeast need increased capital for new inputs.

EMPLOYMENT

The number of farm family members in the northeast and the Central 
Plain is about the same — average of 6-7 per family. Of that 
number, 3-4 are usually active farm laborers. The family member 
in the northeast is usually fully employed during May to November, 
the rice-growing season. After rice harvest, some farmers grow 
upland crops such as groundnut, kenaf, tobacco, and watermelon. 
Some do small-scale trading or provide hired labor in town. 
However., many have nothing to do and are unemployed during the 
dry season. Unemployment is more serious in the northeast than 
it is in the Central Plain where a second-crop rice is possible 
and job opportunities in Bangkok are available. Double-cropping 
systems in the northeast might be one means of minimizing the 
problems of unemployment.

Many irrigation projects are under construction. Some have 
been completed in the northeast, e.g. projects in Khon Kaen, 
Kalasin, and Ubon Rachathani. The projects will help expand the 
rice area within a year and will increase the employment 
opportunities for farmers in the region.

EDUCATION, COMMUNICATION, AND EXTENSION

Most farmers in both the northeast and Central Plain have received 
formal education at least through the fourth grade level. Very 
few have gone beyond this level, particularly in the northeast. 
The opportunity for farmers to learn to read and write after 
completing their formal education varies from region to region, 
depending on the state of mass communication and transportation 
development. Generally speaking, the communication system is more 
developed in the Central Plain than in the northeast. It is 
generally believed that because of their somewhat higher level of 
formal education and the improved communication system, farmers in 
the Central Plain tend to accept new technology faster than those 
in the northeast. However, the rapid adoption of kenaf production 
several years ago and the recent rapid spread of cassava 
production in the area indicate that northeastern farmers can 
adopt new crops and practices under the right conditions. 
Information and news relating to farming have become more
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available through the newspapers, published materials of both 
private companies and various government agencies, and through 
the radio. It is interesting to note that a transistor radio is 
usually found with the farmer working in the rice fields. The 
radio is assuming an increasingly important role in transmitting 
agricultural news and information to farmers. However, local 
and feeder roads are still a major need in the northeast.

Agricultural extension services are not well distributed 
throughout the northeast. Only where there are special projects — 
irrigation, development projects, and Accelerated Rural Developmp-t. 
special crop production projects — are extension workers able to 
work closely with farmers. However, there is still lack of 
coordination between researchers and extension workers. 
Researchers lack adequate information on the problems that should 
be investigated, and the extension system is not clear on what 
extension workers should extend to farmers. It is generally felt 
that the research and extension programs should be integrated. 
Because o£ the lack of an efficient agricultural extension system 
and manpower, the Ministry of Agriculture is undertaking a World 
Bank-ass is ted project to improve the extension system and train 
additional manpower. The program is now under way in some par'.s 
of Thailand.

One point that should be made is that at least one extension 
worker should be assigned to every rice experiment station or crop 
experiment station. Very often farmers come to the experiment 
station rather than to the e:--fension office located in the city <pr
town.

FARMERS' INSTITUTIONS

Farmers' groups or associations patterned after those of Taiwan 
were introduced in Thailand many years ago. The groups are rather 
loosely organized. Recognizing their importance, the government 
has encouraged and supported the setting up of better organized 
farmer institutions throughout the country. The final form is the 
agricultural cooperative association with multiple objectives. 
Many have been formed in the Northeast. They are encouraged to 
make more efficient use of government services such as extension 
and mnrketing facilities. In addition, the farmers are to increase 
their bargaining power in relation to their purchase of inputs and 
selling of products. Improved transportation, storing, processing 
and other marketing facilities have already benefited farmers in 
the marketing of some crops. The facilities are expected to 
continue benefiting farmers by increasing their net income.
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CONCLUSIONS

This paper has focused on the conditions in the northeast region 
of Thailand where the total land area relative to the population 
is greater than rhat in the north. The erratic nature of the 
rainfall of the northeast, both between years and within years, 
and the poor water-holding capacity of the soil, make much of the 
land marginal for rice production with the current technology. 
The rapid rate of growth in the production of off-season rice in 
the Central Plain and the expansion of irrigation facilities 
along the major river systems of the northeast may enable Thailand 
to produce less-water-demanding crops in the shallow rainfed rice- 
producing areas of the northeast in the future.

Vhe fact that the northeastern region has traditionally 
supplied the buffalo and cattle for the rest of the country may 
indicate that large areas of the region could be used to produce 
b-^ef as the demand for meat in the Asian regions increases.

Although a large proportion of the fanners in the northeast 
own land, bo-n micro and macro economic data indicate that the 
fanners of the region are the poorest in the country.
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Future research for rainfed lowland rice 1

Following discussion of papers and reports given during the 
conference, a committee considered future researcli strategies 
and took the first step toward

• defining and characterizing rainied lowland rice,
• suggesting a general strategy,
• establishing research priorities, and
• recommending possible mechanisms for implementing or 

improving research efforts.

DEFINITION AND CHARACTERIZATION

Rainfed lowland was defined to include all rice-growing systems 
where:

• there is no artificial water supply or the supply is 
undependable and limited to local impoundment,

• there is intent to obtain soil saturation, and
• the water depth usually does not exceed 1 m.

For research purposes the rainfed lowland area was sub­ 
divided into three categories based on expected maximum sus­ 
tained water depth:

1. Shallow 0-20 cm
2. Intermediate 21-50 cm
3. Semideep 51-100 cm

GENERAL RESEARCH STRATEGY

It must be understood that rainfed lov.land rice grows as a part 
of a cropping system, all of which conditions the specific 
research needs. This implies the necessity for on-farm research

'The following served as the Committee to develop Future Research Strategies: M. S. Ahmad 
(Bengladeth), S. Biiwas (India), W. R. Coffman (IRRI), S. Effendi <lndone»ia), r. B. Eicuro 
(Burma), T. Eugenio (Philiopinn), M. V. Rao (India), and Boriboon Somrith (Thailand).
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and, ultimately, a mori! definite characterization of the areas 
with special enphasis on water (all parameters), which would 
permit identification and development of appropriate component 
technology. For the present we should recognize rainfed low­ 
land systems as being bound by time of rainfall distribution 
and by great uncertainty with regard to water quantity at a 
given time. These two factors strongly influence possible 
cropping systems and the establishment of research priorities.

RESEARCH PRIORITIES

The shalli-.w category is by far the largest area, followed by 
the intermediate anc.', finally, semideep areas. Research 
priorities should be established accordingly.

Crop improvement

Yield stability is the most important consideration in developing 
varieties for rainfed lowland areas. We should utilize methods 
of breeding and testing geared toward selection of varieties with 
high yield stability. In addition to the characteristics of 
presently available improved varieties, other characteristics 
should be emphasized.

• Drought tolerance is a major characteristic needed 
for improved rainfed lowland rice varieties. It is extremely 
important for yield stability and is a major consideration of 
most farmers in the selection of a variety. Most farmers cannot 
afford the complete loss of a crop, and they will choose 
varieties that minimize drought risk, regardless of yield 
potential.

• Intermediate stature a:id suitable seedling height are 
usually necessary for rainfed lowl;nd areas. Stresses', such 
as drought or adverse soils, are common to rainfed areas and 
tend to reduce plant height. Taller types are desirable be­ 
cause of undependable water depths and competition from weeds. 
In waterlogged areas, tall seedlings are often required for 
stand establishment.

• Submergence tolerance is clearly important in ai/aas of 
uncontrollable water. Short duration floods are common in 
Tainted lowland areas. In such situations elongation capacity 
is probably a liability because the elongated plants will lodge 
when the water recedes. Submergence tolerance should be 
preferable if it can be incorporated to an adequate degree.
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• Photoperiod sensitivity is probably required for 
varieties in many rainfed lowland areas. The fact that the most 
traditional varieties are photoperiod sensitive is not adequate 
evidence that the characteristic is required. Mahsuri and 
IR5 are relatively photoperiod insensitive, but they occupy 
vast rainfed lowland areas. We need more knowledge of the role 
of photoperiod sensitivity and a better understanding of its 
breeding behavior.

• Early maturity is clearly advantageous in many rain- 
fed lowland areas, particularly where direct seeding is 
practiced. It provides for the possibility of double-cropping 
and minimizes risk by shortening exposure to adverse environ­ 
mental conditions.

• Tolerance for adverse soils is particularly important 
in the case of rainfed lowland varieties. Flooding is seldom 
continuous and, depending on the particular soil, may result 
in a wide fluctuation of mineral concentrations in the soil 
solution during the cropping season.

Crop management

Crop management research should focus on stand establishment, 
with emphasis on direct seeding. Fertilizer management, with 
emphasis on nitrogen, should also be a priority.

Pest management

At present, weed control, with emphasis on direct-seeded 
situations, is the only priority research need in pest manage­ 
ment for rainfed lowland areas. Disease and insect pests should 
not be a serious problem in the relatively less intense cropping 
patterns of rainfed lowland systems.

RESEARCH MECHANISMS

The recently initiated collaborative research programs, the 
International Rice Testing Program, and the international 
networks should be fully utilized in approaching the complex 
problem of rainfed lowland rice. Other avenues of cooperative 
research should be explored.

Finally, we strongly reiterate the need for research in 
situations that are valid representations of rainfed lowland 
conditions.
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PRELIMINARY FINDINGS FROM THE FIRST
INTERNATIONAL RAINFEtt LOWLAND RICE

OBSERVATIONAL NURSERY

D. V. SESHU and H. E. KAUFFMAN

The first International Rainfed Lowland Rice Observational 
Nursery (IRLRON) was initiated in 1978 following discussions at 
the International Rice Research Conference at IRRI, which focused 
on rainfed lowland rice. Twenty-eight countries in Asia, Africa, 
and Latin America participated in the testing of IRLRON.

IRLRON was formed with 261 entries originating from different 
countries (primarily Bangladesh, India, Indonesia, and IRRI). 
Entries included semidwarfs, intermediates, and tails, and ranged 
widely in maturity. Mahsuri, Pelita 1-1, IR5, IR34, and BKN6986- 
147-2 were included as checks.

This report summarizes results from 17 tests conducted in 
9 countries in Asia and Latin America (Table 1). Because of 
differences in growing seasons, results from all participating 
locations were not available at the time of preparation of this 
paper. Most trials were transplanted but some were direct seeded. 
Rainfall during the crop season varied from 492 mm at Joydebpur, 
Bangladesh, to 2,998 mm at Karjat, India. The nursery data 
included observations on plant height, days to flowering, phenotypic 
acceptability, and tolerance for drought, for submergence, and for 
diseases and insects.

Twenty-seven of the 261 entries were generally rated good 
for phenotypic acceptability on the basis of average scores for 
the trait in 14 locations (Table 2). The entries with good ratings 
included the check varieties Mahsuri, Pelita 1-1, and IR34. 
Mahsuri is tall and the two others are of intermediate stature. 
Because the rainfed lowland situation varies from region to region, 
the preference for plant type and maturity varies accordingly, 
as reflected by the acceptability scores in Table 2. However, 
the intermediate-statured varieties seem to hold promise in 
different situations.

The entries rated good for tolerance for drought and submergence 
are listed in Tables 3 and 4. The other stresses that prevailed at

Hint bntdtnnd plant pathotogitt. International RIcaTnting Program, IRRI, 
Philippine!.



Table 1. Particulars of locations where the first International Rainfed Lowland Rice Observational Nursery (1978) testa were conducted.

Test 
no.

1
2
3

4
5
6
7

8
9

10
11
12

13
14
15

16
17

Region and 
country

SOUTHEAST ASIA
Burma
Philippines

Thailand
Vietnam

SOUTH ASIA
Bangladesh

India

Nepal

LATIN AMEK.'CA
Colombia
Costa Rica

Station and location

Agric. Res. Inst., Yczin, Pyinmana
Expt. Stn., llagan, Isabels
IRRI, Los Baiios

BANCOM Farm, Tacloban, Leyte
Guimba, Nueva Ecija
Chumpae Rice Expt. Stn., Khonkaen
Agric. Stn.-l, Gialara, Hanoi

BRRI Sub-Stn., Comilla
BRR1, Joydebpur
Pry land Agric. Res. Stn., Ranch i, Bihar
Rice Res. Stn., Pattambi, Kerala
Agric. Res. Stn., Karjat, Haharashtra

VVKN. Lab. Hill Agric. Hawalbagh, Almora,
Parwanipur Agric. Stn., Parwanipur
Kankai Agric. Stn., Chandradangi

CIAT, Palmira, Valle
Enrique Jimenez Nunez, Canas

Latitude

19'N
17'N
14°N

ll'N
14'N
16'N
21"N

23*N
24'N
23"N
10 °N
18°N

U.P. 29°N
27°N
26'N

3°N
10-N

longitude

96'E
121°E
121"E

125*E
120'E
102'E
105'E

91'E
90'E
85*E
76°E
71'E

79'E
85'E
87°E

76'E
85*E

Elevation 
(m)

98
45
39

-
-
215

5

8
8

625
25
52

1300
75

100

1000
12

Cooperator

Rice Division
R. J. Lara
Plant Breeding, Pathology,

Physiology and Entomology Deps.
F. L. Andres
J. C. O'Toole and M. A. Maguiling
B. Chaiwatana and S. Rajatasereekul
Dao The Tuan and Nguyen Dinh Giao

S. B. Siddiquc and S. K. Zaman
T. Das and M. A. Ham id
S. C. Praaad
K. I. James and P. A. Varkey
V. H. Patil, Y. S. Jadhavya,

M. Madokhot, and G. Baburao
V. S. Chauhan and J. P. Tandon
B. B. Shahi and S. P. Singh
S. K. Shakya and K. P. Dhungana

M. J. Roaero
J. Murillo and J. Morera

3 o* 
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Table 2. Entries in the first International Rainfcd Lowland Rice Observational Nursery (1978) with good phenotypic acceptability ratings 
based on averages in 14 locations (av sc re of less than 5.0 in the 1-9 scale, where 1 is highly acceptable and 9 is highly unacceptable).

Phenocypic acceptability ratings at

Entry

1
18
19 
34
36

52
81
90 
91
92

95
9/
99
115
3,19

120
133
134
144
176

178
180
197
198
201

240 
250

Designation

BR51-91-6
IET4488 (CH75-93) (Hut. 11-5)
1EI4507 (CR167-7) 
B241C-Sm-38-l
B441B-126-3-2-1

B105CC-Mr-26-l
HR10

IR20
IR26

1532
IE38
ISM.
1R2070- 199-3-6-6-2
1B2071-588-6-2-6-4

Maheuri (check)
IR3464-96-3-3-1-1
IH3464-96-3- 3-1-3
IR3518-106-2-2-2
IB4442-46-3-3-3

IBA568-86-1-3-2
1R34 (check)
IH5677-17-3-1
IK5677-17-3-1-1
IK5677-117-1-1-3

Fellta I-l (check) 
MRC505

oi a
>• M

3
4
4 
3
4

4
3

4
5

4
3
3
5
4

3
3
3
4
3

5
4
3
3
3

3
4

0) 
U 
C

a a«-< a.
•a»-<
*"£

3
3
3 
3
3

5
3

3
5

3
3
3
5
3

3
5
5
5
3

5
3
5
5
5

5

09
U 
B 
•H
a. a.

~H3""*
f-tp.

5
5
5 
7
7

5
*

7
7

5
7
5
5
7

7
7
5
5
7

5
5
7
5
5

7

iOa 

•* a.

z£

7
3
3 
3
3

3
3

3
3

7
3
3
3
3

3
7
7
7
3

3
3
3
3
5

5

s'-g 
13

5
5
5 
6
5

5
6

6
4

6
6
5
4
6

3
6
6
6
6

5
6
4
6
4

5

.1
P n
as
3
5
5
1
3

1
5

3
5

3
3
3
3
1

1
1
3
3
5

3
3
1
5
5

1

Cotni.Ua, Bangladesh

5
6
6 
6
5

*
9
9
*
*

7
9
9
9
9

9
9
9
*
9

7
7
7
7
7

9 
5

Joydcbpur, Bangladesh

5
7

7
4

6
7
7
6
5

5
5
5
4
4

5
5
5
5
5

5
6
6
7
6

6 
7

35

8
5

6
7

5
6 
3
7
3

4
9
8
8
8

7
6
4
%
6

7
8
5
3
8

8

a u a

11
it
*

*
*

*
* 
*
*
9

it

*
*

*

it

*
*
*
*
*

*
*
*
*
*

9

Farwanipur, 

Nepal

3
5

3
5

5
3
3 
3
4

3
3
3
3
3

5
3
3
3
3

5
3
3
3
3

3

•H

c o. a ai

2
5

3
1

5
5
4 
2
4

2
2
5
2
5

1
4
3
1
2

2
5
1
2
1

1

Palmira, Colombia

6

5 
6
7

6
5 
6
6
5

6
6
6
5
6

6
5
5
5
5

5
4
5
6
6

5

d 
u
(tf

ca*o a *J 
c *» 
eg o 
uu

7
5
5 
7
9

5
3
1
5
5

3
3
3
7
5

9
3
3
5
5

3
5
7
7
5

3

Av

4.8
4.8
4.6 
4.7
4.8

4.6
4.8
4.5 
4.6
4.9

4.5
4.8
4.7
4.8
4.9

4.8
4.9
4.7
4.8
4.8

4.6
4.8
4.4
4.8
4.8

4.8 
4.9

3
IT 

H

I

indicates no observation reported.
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Tab-ic 3. Entries in the first International Rainfed Lovltnd 
Rice Observational Nursery (1978) rated good for drought 
tolerance, based on observations at Gialam (Vietnam), Joydebpur 
(Bangladesh), and Ranchi (India).

Entry 
no. Designation

12 Sein Ta Lay

20 Mahsuri (check)

34 B24lc-Sm-38-l

42 B922C-Mr-ll

59 B2039C-Kn-7-2-5-3-l

68 Cogo Pucih

71 Lagos Sel.

76 63-83

77 14-M-69

107 IR1746-226-1-1-4

108 1R1746-226-1-2-3

Entry 
no. Desinnation

115 1R2070-199-3-6-6-2

U7 IS207 1-485-9-2-6

119 1R2071-588-6-2-6-4

133 IR3464-96-3-3-1-1

168 IR4227-109-1-3-3

178 IR4568-B6-1-3-2

179 IR4570-83-3-3-2

193 IR5537-20-1-3-2

240 Felita 1-1 (check)

258 Naa Sagui

260 IR5

Table 4. Entries in the first International Rainfed Lowland 
Rice Observational Nurssry (1978) rated good for submergence 
tolerance, based on observations at 1RRI (Philippines) and 
Paruanipur (Nepal) .

Entry 
no; DesiRnation

52 B1050C-Mr-26-l

168 IR4227-109-1-3-3

171 IBM17-179-1-5-2

177 1R4442-81-2-2-1

182 1R4683-54-2-2-3

Entry 
no, DesiEnation

191 IBA870-15-1-1

197 IR5677-17-3-1

198 IR5677-17-3-1-1

203 IR579.1-55-1-1-1

209 IR5817-45-3
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Table 5. Entries in tht first International tainted Lowland 
Rica Observational Nuriery (1978) need good for blast resistance, 
based on observations at IRRI (Philippines), Tacloban (Philippines) 
and Palnlra (Colombia).

Entry 
no.

3

4

8

9

13

30

67

Designation

Chanda Amon

Coda

Surjanukhi

IACIS

Cauvery

N22

G66-SI-39-3

Entry 
no.

74

75

76

82

153

168

154

DealHiatlon

IRAI8

IRAT13

63-83

MR15

IR385B-6

IR4227-109-1-3-3

IR4707-140-1-3

Table 6. Entries in the first International Rainfed Lowland 
Rice Observational Nursery (1978) rated good for tolerance for 
bacterial leaf blight, based on observations at Kezin (Burma), 
Parvanipur (Nepal), and Chandradangi (Nepal).

Entry 
no.

1

34

63

94

95

98

116

138

140

145

160

174

162

Designation

BR51-91-6

B241C-Sm-38-l

B2360-6-9-5

IR30

IR32

IR40

1R2071-176-1-2-1

1R34S3-109-3-2-3

Pellta 1-1 (check)

IR3518- 106-2-2-5-3

1R5 (check)

IR4432-52-6-4

IR4683-54-2-2-3

Entry 
no.

191

193

197

198

199

201

206

211

214

242

245

248

260

Designation

1R4870-15-1-1

IR5537-20-1-3-2

IR5677-17-3-1

IR5677-17-3-1-1

IR5677-35-4-2-3

IR5677-117-1-1-3

IR5803-171-2-3-3

IR5853-162-1-2-3

IR5914-21-3

IR9209- 262-3

1R9264-32103

K9995-65

1R5
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Table 7. Entries in the first International Rainfed Lowland 
Rice Observational Nursery (1978) rated good for tolerance for 
rice tungro virus, based on observations at IRRI (Philippines) 
and Joydebpur (Bangladesh).

Entry 
no.

1

3 

59

133

134

137

142

143

144

Designation

BR51-91-6

Chanda toon 

B2039C-Kn-7-2-5-3-l

1R3464-96-3-3-1-1

1R3464-96-3-3-1-3

IR3483-50-1-1-1-2

1R3511-39-3-3

1R3518-96-2-2-2

1R3518- 106-2-2-2

Entry 
no.

145

164 

173

175

193

207

211

216

218

Designation

1R3518-106-2-2-5-3

1R4213-301-2-2-6

1R4432- 103-6-4

IR5537-20-1-3-2

1R5803-305-1-3-3

1R5853-162-1-2-3

1R7 141-18-3

1R7 545-27-3-2

Entry 
no.

6

12

14

30

110

1)9

Designation

BR166-2B-8

Sein Ta Lay

Holamaldiga

H22

IR2035- 117-3

1R5677-35-4-2-3

Entry 
no.

202

233

234

235

236

237

Designation

IR5793-8-3-3-2

IR9129-169-3

IR9129-192-2

1R9129-457-1

IR9 168- 13-1

IR9209-26-2

one or more locations included blast, bacterial leaf blight, 
tungro virus, and whitebacked planthopper. The entries ratsd 
good for those stresses are listed in Tables 5 to 8.

It is evident that international collaboration facilitates 
identification of elite germplasm suitable for rainfed lowland 
rice situations for which appropriate high yielding varieties 
have not yet been identified. The screening tests may help 
identify varieties, or donors, that can be ^sad in breeding for
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specific traits that render each variety suitable as a rainfed
lowland crop. These results are preliminary but with information
from other test sites and with information from subsequent rainfed
lowland rice nurseries it should be possible to identify varieties
suited for the diverse situations in the rainfed lowland system.
Future nurseries will be tested in more appropriate test sites.
Information relative to various environmental parameters will be
obtained and the performance of test entries correlated with >
those parameters. Such a systematic approach becomes possible .•'•'jt
only through sustained international collaboration.

In conclusion, we acknowledge the contributions of the 
cooperators in different national programs for the information 
in this report.
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