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Introduction

The humid tropical region of Asia, with its abundant sunshine, extensive rainfall and .
high temperatures, offers excellent opportunities for year-round crop production. A
high population pressure has historically forced this area to intensively cultivate its
agricultural lands. Wetland rice cultivation is a logical choice for most parts of the
region, but in the wet season it is risky in many areas due to frequent tropical cyclones
and consequent flooding problems. Over 25% of the 126 million ha of Asian ricelands
suffer excess water problems during rice cultivation (IRRI 1982, IRCN 1974).
Asian ricelands have seen a rapid development of irrigation facilities during the
past two decades. Many of these developments have been in the fertile river flood
plains and deltas where the topography of the land is relatively flat and natural drainage facilities are inadequate to remove excess water during monsoon months with
high rainfall. Artificial drainage systems are most often needed to remove the excess
water timely. However, despite the development of irrigation facilities, in some cases
as a result of over-irrigation and canal seepage, excess water problems hamper crop
production within the command areas of irrigation systems. In many cases the extent
and severity of the problem are increasing.
Flood-prone rice areas, whether irrigated or rainfed, are usually confronted with
the twin problems of too much water during the wet months and insufficient water
during the dry season. The productivity of these areas could be greatly increased if
their drainage problems were solved.
The above concerns mostly land drainage, i.e. the removal of excess water from
the soil surface. The internal drainage of the soil profile adds another dimension to
the problem. While the importance of internal soil drainage for upland crops is well
established, the relative importance of land drainage and soil profile drainage for rice
culture requires further study.

2

Riceland classification and drainage

Rice is grown on a wide range of landtypes affected by an equally wide range of hydrological conditions (Greenland and Bhuiyan 1982). Several approaches have been used
to classify ricelands, emphasizing their hydrological conditions.
Sys (1985) used the taxonomic approach to classify the excess water conditions in
flood-prone rice areas in terms of flood classes, considering both drainage depth and
duration of flooding. The classification relates the maximum capability of land class
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for wetland rice cultivation to’depth and duration of flooding under naturally flooded
and irrigated environments.
Based mainly on the water regime conditions dominating rice culture, Kush (1984)
classified rice-growing environments as: (1) irrigated, (2) rainfed lowland, (3) deep
water, (4) upland, and (5) tidal wetlands. The first two categories comprise about
70% of the total rice area in humid tropical Asia. Wetland cultivation is generally
practised in these two environments. In wetland (also termed as lowland) cultivation,
rice fields are kept well-bunded for holding water. Field operations such as land soaking, ploughing, repeated harrowing, levelling and soil puddling, transplanting seedlings (or broadcasting seeds), and maintenance of a shallow water depth throughout
most of the crop growing period are all common practices. The field is usually drained
of water (terminal drainage) before harvesting to reduce soil wetness.
For a better understanding of both the drainage problems in ricelands and their
potential productivity, Moorman and Van Breemen (1978) adopted a system of riceland classification based on (1) topographic position and related hydrological conditions, and (2) the natural sources of water supply. Their classification recognized three
types of ricelands, i.e., pluvial, phreatic and fluxial (Figure 1). Most areas under the
rainfed wetland culture defined above, fall within the fluxial and phreatic types. Irrigated rice could be in any one of the three land types, including fluxial, wherein flood
control measures through provision of dikes or polders and water control gates may
be required.
From a drainage point of view, the fluxial ricelands are of utmost significance. These
lands are in valleys and closed depressions, and on river flood plains with slight slopes
often less than 1YO.Inundation due to periodic excess of water from rainfall or river
overflow is common because natural drainage is constrained by limited head at outflow
or by low internal percolation. Flooding in these areas may damage the crop by prolonged submergence, plant uprooting or lodging. A wide range of flooding conditions
can exist in this type of ricelands depending on the depth, duration and frequency
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Figure 1 Classes of riceland according to topography and water supply (Moorman and Van Breemen 1978)
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of inundation. Based on these factors, Moorman and Van Breemen (1978) described
eight different types of fluxial ricelands found in Asia.
Irrigated fluxial lands are often protected from river overflow or coastal seawater
intrusion, but many of these areas are still prone to flooding from heavy rainfall. An
attempt was made to classify irrigated lands for the Canaman Irrigation Project in
the Bicol River Basin, Philippines, based on soil, topography and drainage deficiencies
identified from seasonal flooding records (PCARR 1980). The four classes of drainage
deficiencies recognized are:
F, class- Slight flooding up to depths of 30 to 40 cm during heavy rainfall, receding
to less than 20 cm within 1 to 3 days;
F, class- Moderate flooding up to depths of40 to 90 cm during heavy rainfall, receding
to 20 to 30 cm or less within about I week;
F, class- Severe flooding up to a depth of about 150 cm during heavy rainfall, receding
to 20 to 30 cm within 1 to 5 weeks;
F4class- Flooding by river overflow or local runoff to depths exceeding 100 cm, whereby the lands remain under water for most or all of the wet season.
Such a classification is helpful in zoning areas with different degrees of flooding, and
in identifying specific measures which may alleviate the problem. However, for practical use, the classification should incorporate a factor of probability of flooding.

3

Role of drainage in wetland rice culture

As they can adapt to wetland conditions, rice plants exhibit a greater tolerance to
high soil water level or flooding than most other crops. While soil rootzone aeration
is a requirement for good upland crop production, rice plants also thrive in shallow
ponded water since they are able to transport oxygen from the shoot to the root system
efficiently (Yoshida 1981). However, the frequent interpretation of this unique characteristic that drainage is not important for rice culture is wrong. Many irrigation systems, developed without proper recognition of the role of drainage in rice cultivation,
are suffering the ill consequences of inadequate drainage.
Wetland rice culture requires water control for which adequate drainage provisions
are essential to remove excess water from rainfall or the irrigation source. The following cultural operations or practices particularly require good drainage facilities:
- Land preparation
Saturating the land is convenient for tillage with the commonly used low draft animal-drawn or mechanized tillers (Lucero 1984). Between ploughing and harrowing
the paddy field is generally flooded with 2-4 cm water to prevent the soil from drying
and hardening (APO 1977). Extra water must be drained to bring the land to a
final puddled condition;
- Crop establishment
After transplanting the seedlings, the puddled field is maintained for about 3 days
in saturated conditions, or with a thin layer of (2 to 3 cm) water over the soil (Tsutsui
1984). For wet seeded (broadcast) rice, seeding is carried out in the saturated soil,
and the removal of excess water is critically important to keep the young plants
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free from waterlogging during the early seedling establishment stage;
Crop maintenance
From about 3 days after transplanting until 10-15 days before harvest, modern varieties of rice in heavy soils would normally require for optimum yields a standing
water layer of about 5 cm deep, and a layer 5-10 cm deep for traditional tall varieties
(Van de Goor 1979). If fertilizer is applied as topdress, water should be kept impounded with no irrigation or drainage allowed for at least 5 days (Singh 1978).
Lack of standing water allows weed growth and can cause water stress on the crop
plant if the soil water is below the saturation level. In the dry season water depths
of 15 cm or more can reduce yields of certain rice varieties (De Datta 1981).;
- Pre-harvest (terminal) drainage
Surface water is drained about 10-15days before harvest (Lucero 1984) for uniform
and timely ripening of grains and to facilitate harvesting. Water requirement of
the crop after the terminal drainage is to be met from residual water in the soil.
Grain quality is sacrificed if rice fields are not drained in time prior to harvest.

-

Mid-season drainage of rice fields
Several investigators in Japan (Fukuda and Tsutsui 1968; Samato et al. 1964; Yamada
1965; Kung 1971; Tsutsui 1971; and Sakai 1976) have reported beneficial effects on
yields from draining the ponded water of the rice field at the end of productive tillering,
and keeping the field unwatered for 7-10 days. Their reported benefits are attributed
to the removal of toxic substances produced in the plant rootzone due to the prolonged
reduced condition of the soil, the higher soil potassium absorption by the plant, and
the increased strength in plant culm and lodging resistance, etc. Farmers in Japan,
China and Korea are reported to practice mid-season drainage in their summer rice
crop.
In the humid tropics of Asia, research mostly showed no significant rice yield benefits from mid-season drainage (De Datta et al. 1973; Nagajarah et al. 1973; Upadhya
et al. 1973; Sugimoto 1971). However, exceptions have been reported in the work
of Habibullah et al. (1975) in Bangladesh, and Mukherjee (1970) in Thailand, who
have found some increase in yield from this practice.
Information on mid-season drainage effects on rice yields under both the tropical
and temperate climatic conditions are mostly empirical. Most past research on this
topic lacks the adequate soil and plant analyses required to interpret the results completely. The issue therefore deserves more systematic research. However, it must be
recognized that in the humid tropical region the rice soils are generally low in organic
matter, and the rice is grown in higher temperature regimes and with much less use
of fertilizers than in Japan, China or Korea. Therefore, the biochemical processes
involved in the rice soils in the humid tropics could be significantly different from
those in the temperate climatic areas.
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Rice plant performance under varying conditions of
submergence

Rice plants are not able to perform their normal physiological functions when the
water depth in the field exceeds a certain level. It is recommendable not to allow the
depth of water in the field to exceed about 15% of the crop height. The degree of
damage to the rice yield is positively correlated to the degree of excessive water depth.
However, in certain growth stages the plant is more susceptible to excess water than
in others. Although there are varietal differences in the response of the rice plant to
excess water conditions, a general understanding of the plant behaviour under varying
conditions of excess water is useful in formulating strategies and designing drainage
systems. The following summarizes most of the recent findings from pertinent literature:
1. The panicle initation and flowering stages of the rice crop are most sensitive to
full submergence i.e., when the entire crop canopy is under water. During inundation treatments in the Philippines, Undan (1978) found that a one-day submergence
at the panicle initation stage can reduce IR-30 rice yield up to about 75% (Table
I). During this stage the young stalks of rice plants appeared to be easily weakened
by flooding;
Table 1 Percentage reduction in yield of IR-30 rice variety as affected by inundation treatments in the Philippines (Undan 1978)
Crop growth stage

2 weeks after
transplanting
(early tillering)

Ave.crop
ht. (cm)

30

4 weeks after

transplanting
(max. tillering)

6 weeks after
transplanting
(panicle initation)

48

68

Type of
su bmergence

Period of submergence (days)
1

3

4

5

Fully
submerged

24.6

61.2

63.1

84.2

Partially*
submerged

6.9

3.9

10.3

12.2

Fully
submerged

24.5

31.6

81.5

94.6

Partially*
submerged

o. 1

1.6

8.7

4.8

Fully
submerged

74.2

94.0

96.4

1O0

Partially*
submerged

10.2

8.0

9.5

11.3

* Partially submerged means crop was submerged at half its height.
2. Minor submergence injuries at the early stage of crop could be overcome, at least
partly, during the remaining period of the crop’s life cycle. Full submergence with
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clear water for one day at the early tillering stage can reduce the yield by about
25%. A 3-day full submergence reduced IR-30 rice yield by about 60% (Undan 1978);
3. Partial submergence of ‘Jaya’ variety at 25% òf plant height during any of the three
major stages of rice growth, i.e., seedling establishment to maximum tillering, maximum tillering to flowering, and flowering to maturity, can result in a 20 to 30%
yield reduction in the Aman (Jul-Nov) or Boro (Jan-Apr) season in India (Table
2) (Pande 1976).
Table 2 Yield of variety ‘Jaya’ under three levels of submergence (25, 50, 75% of crop height) at each of
the 3 growth stages during Aman (Jul-Nov) and Boro (Jan-Apr) seasons in India, 1973-74 (Pande
1976)
Plant growth stage

% Submergence
of crop height

Control (Continuous)
submergence (5 2 cm)

Relative grain yield(%)
1973
1974
(Aman)
(Boro)
1O0

1O0

Seedling establishment
to maximum tillering

25%
50%
75%

82
75
68

75
62
58

Maximum tillering
to flowering

25%
50%
75%

81
71
72

74
64
56

Flowering to maturity

25%
50%
75%

79
76
70

71
66
50

4. Only slight yield reduction (up to about 12%) resulted when IR-30 rice plants were
partially submerged at 50% o f the plant height for 5 days or less during the tillering
to panicle initiation stage in the Philippines (Undan 1978);
5. Muddy or turbid flood water inflicts greater damage to the plants than clear water
(Fukuda and Tsutsui 1968; Pande et ai. 1978), because sediments in turbid water
block the pores in the plant body and hamper the respiration and photosynthetical
processes;
6. Tall varieties are more advantageous than short varieties under partial submergence
conditions (Vinaya Rai and Murty 1976);
7. Certain cultural practices such as the use of older seedlings, a greater number of
seedlings per hill at transplanting, and nitrogen fertilization after flood water recession, may contribute to better performance of semi-dwarf varieties (Pande et al.
1979).
. .
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Drainage system design implications
The research findings mentioned above have important implications for drainage system design. Since full protection of the rice field from flooding may be too expensive
to set up a target area, the design of the drainage system may be based on the concept
of providing full protection from flooding events with a certain expected return period
and only partial protection from events expected to be less frequent. Furthermore,
the design discharge rates for drainage canals and outlets are chosen in such way that
the design flooding event will not allow ponding of water in the rice fields beyond
a selected depth and duration. An optimal choice of such design parameters is essential
from the point of view of both protection from flood damage and economics. For
example, Undan (1978) showed that the required discharge rate for tertiary drainage
canals for a 5-year return period flooding event in a rice area in Central Luzon, Philippines, is 13.5 liters/second per hectare (l/s.ha), if no rain water storage on the field
is desired. However, if 15 cm of additional ponding beyond the assumed 10 cm field
water depth is allowed for 5 days, the required design discharge rate is lowered to
6.7 l/s.ha.
Different values of drainage discharge rates are used in different countries for designing drainage systems for flood protection, depending on the choice of the design
flooding event and also on the extent (depth and duration) of submergence considered
tolerable. For example:
- In Thailand, the design criterion used for the Chao Phya delta was 5.32 l/s.ha for
tertiary drainage canals based on a 3-day rainfall total, expected at least once in
10 years (Van de Goor 1974);
- In irrigation projects in Indonesia and Malaysia, the average drainage canal capacity
was 7.3 and 6.5 l/s.ha respectively, based on a rainfall of 5-year recurrence interval
(Van de Goor 1974). For a 10-year return period, the value was 9.6 ls/ha in Kelantan,
Malaysia;
- In the Philippines, the recently built terminal drainage facilities in the national irrigation systems were based on capacities of 5-8 l/s.ha designed for protection against
rainfall at 10-year recurrence intervals (Mercado 1978). This was an improvement
over the 2.56 l/s.ha rate used for farm-level drainage in the Upper Pampanga River
Integrated Irrigation System design (Lucero undated).
A major problem in many irrigation systems is that there is a significant gap between
the design and what is constructed in the field. For example, the Libmanan-Cabusao
Pump Irrigation System in the Philippines used a design discharge capacity of 1 1.4
l/s.ha for its drainage system, which is expected to protect the area from a 3-day rainfall
total of 194 mm, expected to occur once every five years. But within two years after
the system became operational in 1981, a 2-day rainfall total of 160 mm caused a
major inundation within the project area, and about 850 ha, or 30% of the total protected area, remained under water for one week or more (Agua et al. 1984).
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Natural and man-made factors contributing to drainage
problems

5

Of the natural causes of major drainage problems in the low-lying (fluxial) lands, high
intensity rainfall is the most dominant. Such a rainfall produces very high run-off
which accumulates in the lower areas; consequently rivers overflow and inundate their
flood plains. On top of this natural problem, a man-made problem of deforestation
in the river catchment causes excessive soil erosion, which results in high rates of sedimentation in the river bed along the lower stretches of the river basin, where the gradients are very low. Consequently, the river discharge capacities are reduced. Furthermore, as the water detention and infiltration capacities in the upper catchment are
reduced due to deforestation, flash floods are more frequent and severe in their effect
on the lower parts of the basin. As the erosion-sedimentation process goes unabated,
the problem of flooding continues to worsen. Many river basins in the humid tropics
of Asia are major victims of this process.
Waterlogging from intensive rainfall in the monsoon and tropical cyclones affects
both rainfed and irrigated lands, the latter mainly due to inadequate provision of drainage capacity for handling such amounts of water. In the Philippines, an average of
about 20 tropical cyclones hit the country each year. These are most frequent during
the months of July-October when wet season rice is mostly in the field (Figure 2 ) .
Records of the past 38 years indicate that there were 90 rainfall occurrences which
produced rainfall of more than 300 "/day.
The high ratios of run-off to rainfall
in many river basins indicate that large proportions of rain-water end up as run-off
(Table 3 ) which eventually builds up ponding water in the ill-drained lower areas.
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Figure 2 Mean monthly frequency distributjon of tropical cyclones in the Philippines, 1948-85
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Table 3 Annual rainfall and run-off on selected river basins
River basin*

Brahmaputra
Ganges
Meghna
Kosi
Red
Bicol
Pampanga
Chico
Ilog-Hilabangan
South Cotabato

Country
coverage

China, India
Bangladesh
India,
Bangladesh
India,
Bangladesh
Nepa1,India
China,
Vietnam
Philippines
Philippines
Philippines
Philippines
Philippines

Drainage
area
(km2)

Mean
annual
rainfall
"1(

Estimated Mean
annual run-off
(")

Run-off/
rainfall
ratio

580000

2 125

1177

0.55

977 500

1250

367

0.29

80200

3 500

1715**

0.49

86900
120O00

1790
1500

643
1090

0.36
0.73

3771
9 759
5 247
1945
6 945

2347
2067
2 390
2 640
2317

1353
1505
1379
1293
1114

0.58
0.73
0.58
0.49
0.48

* Source ofdata: NWRC (1979-83) for the river basins in the Philippines; ECAFE (1966) for the others.
** Run-off estimated for Bhairab Bazar, Bangladesh, up to where the effective drainage area is
64 700 km2

In the irrigated lands, serious drainage problems have been caused by some weaknesses
in the design and management of many irrigation systems. The designs of the majority
of rice irrigation systems have not received sufficient attention to remove the excess
water from the fields, and out of the systems. Inadequate number and size of structures
such as drain crossings and culverts provided across irrigation canals and roads are
also a common problem restricting water flow and prolonging the submerged conditions upstream of those structures (Agua et al. 1984; Undan et al. 1984). In addition,
drainage systems often suffer from inadequate maintenance. Dense vegetation growth
and erosion-siltation of drainage canals and ditches reduce their effective capacity.
An equally widespread problem within rice irrigation systems is the excessive use
by farmers with easy access to irrigation water, and the low effective use of rainfall,
creating waterlogging in the lower areas. Excessive seepage and percolation occurring
from unlined canals and irrigated areas with lighter soils also contribute to waterlogging and eventually decrease the productivity of the land.
The above-mentioned problems have been emphasized in assessments made in several
countries:
- India
High seepage loss, over-irrigation and use of vast areas for growing crops with high
water requirements with connected high percolation losses, resulted in a steady rise
of watertables in the command areas of many irrigation systems (Swaminathan
1980). In the large Sarda River irrigation system alone, at least 50 O00 ha of land
in the Uttar Pradesh State are judged to have been rendered unproductive by water64
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logging caused by excessive seepage of highly alkaline irrigation water (Chaturvedi
1983). The introduction of canal irrigation in the Hirakud Dam Project increased
the waterlogged area from 12-15% in the total area in 1965 to 28% in 1971; the
total conveyance loss was estimated to be 45% of the water supply at canal head;
net loss by percolation and seepage was about 50% of the supply entering the canal
head (Lenka et al. 1974);
-

Philippines
Ill-drained areas were estimated to be 19% of the total 197 800 ha of irrigated area
surveyed (Table 4). In the national and communal irrigation systems, about 9%
of the 1.2 million ha did not have adequate drainage facilities (National Water Resources Council 1980).

Table 4 Ill-drained areas in selected National Irrigation Administration projects, Philippines (Uwagawa
1980)
~

Service
area (ha)

Project

Ill-drained
area (ha)

UPRIIS
District 1
District 2
District 3
District 4

24 100
25 800
32600
25 O00

2 200
1700
9 900
4 100

AMIADP-APO

30200

6 O00

9000
9 700

4 O00

TISIP
CamRIS
Taris
SmoRis
AGUSAN DEL SUR IP
Andanan RIS
Simulao RIS
DAVAO DEL NORTE IP
Batutu RIS
Saug RIS
DAVAO I1 IP
Libuganon RIS
Lasang RIS
TOTAL

Per cent of service
area affected
9
7
30
16

6 300

3 O00
400

44
31
6

5 500
3 200

300
2000

5
62

5 100
6 300

500
1O00

10

10500
4 500

1 O00

10

700

16

197800

36 800

19

,

'

16
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6

Percolation rates and rice yields

Most rice lands, especially those under wetland cultivation, have soils of medium to
heavy texture, and water percolation rates are low during the rice-growing period.
Kawaguchi and Kyuma (1977) reported that about 40% of paddy soils in South and
South-east Asia contain at least 45% clay. The presence of the plough pan, created
in most rice soils by the puddling process, further inhibits downward movement of
water. The presence of a shallow watertable, which in many cases is caused by the
use of irrigation water, limits the internal drainage of areas in lower parts of irrigation
schemes (Greenland 1985).
Are rice yields in these lands inhibited by low levels of aeration in the rootzone,
or is a high percolation rate needed to sustain high rice yields allowing more oxygen
supply to the roots?
Studies in Japan indicate that, given the high fertilizer use, a relatively high percolation rate is needed to achieve yields of more than 7.5 t/ha. Tsutsui and Fukuda (1968)
concluded that the average percolation rates in fields where high yields are obtained
range from 10 to 15 "/day.
They observed that the optimum percolation rate would
vary according to the amount of toxic substances to be leached, soil characteristics,
crop growth stages and related farming practices, especially fertilizer application. They
or more than
further concluded that where percolation rates are less than 5 "/day
40 "/day,
heavy application of fertilizer does not result in high rice yields.
Greenland (1985) cited Chinese literature which suggests that higher percolation
rates in paddy soils are associated with higher fertility. The percolation rates considfor Jiangsu Province (Yang and Chen
ered necessary for high yields are 9- 15 "/day
1961) and Shanghai Pfovince (Institute of Soil Science 1978), and 7-20 "/day
in
the Zhujiang river delta (Institute of Soil Science, Nanjing 1978; Institute of Soils
and Fertilizers, Guangdong 1975). These soils may produce 15-20 t/ha of rice grain
from two to three crops per year. Such a cropping intensity maintained for several
years has been recognized as likely to lead to increased gleying and lowering of yields,
unless the soil is allowed to dry between rice crops (Li and Li 1981).
There is little reported and convincing evidence which shows that high percolation
rates, as suggested in the above-mentioned literature for China and Japan, are needed
for high rice yields in tropical areas. At IRRI, Manila, three crops of rice per year
have been grown for over 22 years on a soil where the percolation rate is less than
1 "/day.
Although annual yields have declined slowly over that period (Figure 3),
the total annual yield still exceeds 14 t/ha (Greenland 1985). The production situation
at the IRRI farm is complex, however, as the varieties grown during these years have
not been the same and the prevailing pest and disease pressure as well as the soil boron
content originating from the use of groundwater for irrigation have increased.
Whether increased percolation rates in heavy rice soils will boost low rice yields
is unclear, but this is an issue that deserves further investigation. The existing information based on rice yield relationships with drainage regimes and other soil characteristics is limited and systematic, long-term research is needed in this area.

e
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year

Figure 3 Rice yields ofcontinuous cropped plots at IRRI farm, 1968-82 (Greenland 1985)

7

’

Riceland drainage for upland crops

Upland crops following wet-season rice can be an alternative choice to growing a
second rice crop. In irrigation systems, low-lying tail-end farms inadequately supplied
with irrigation water in the dry season are encouraged to shift to low water-demanding
upland crops. Furthermore, many low-lying rainfed lands with adequate residual soil
water and relatively high watertable can grow an upland crop after rice without supplementary irrigation. Where water is costly, upland crop production can be more profitable than rice if it has an attractive market at harvest time (which is often absent).
There are other reasons for advocating a rice-upland crop pattern instead of a rice-rice
or rice-fallow cropping pattern:
a. Upland crops after rice allow time for the soil to ‘breathe’ and exude any toxic
substances, that may have accumulated during the months of wetland rice cultivation;
b. Productivity of the soil is enhanced through incorporation of left-over rice straws
and other farm wastes, and planting of legumes;
c. Weed and pest problems are reduced;
d. Alternate wet and dryland farming improves the bearing capacity of the soil.
There are, however, identified drainage-related problems which confront the rice-upland crop farming, especially in low-lying lands:
1. Difficulty in tillage
Rice soils with high clay content, special montmorillonitic clay, have slow internal
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drainage but when dry, a few mm at the top of the soil becomes hard (underneath
it may remain wet) which makes it difficult for animal-driven or small mechanized
tillage implements to prepare land for upland crops (IRRI Ann. Rep. 1985);
2. Poor crop establishment
Seed germination is often hampered either by poor soil-seed contact due to the
presence of large clods in poorly prepared soils as a result of difficulty in tillage
or a high water content in the soil (IRRI Ann. Rep. 1985);
3. Excess seepage from rice fields
Most farmers prefer to grow rice if enough water is available and fields cultivated
with upland crops often suffer from excess seepage water from adjacent ditches
or flooded rice fields. This problem is aggravated by lack of coordination among
farmers and absence of group planning for upland crop production;
4. Uncontrolled irrigation water
In some irrigation systems, low areas planted with upland crops suffer from flooding by the flow of uncontrolled irrigation water further upstream. Such areas may
also suffer from unexpected heavy showers and flooding at critical stages of the
crop.
The use of heavy tillage equipment for dryland preparation at low soil water content
can effectively solve the tillage and crop establishment problems, but their use not
only requires higher land preparation costs, it also destroys paddy bunds within the
fields, which in turn require additional costs to rebuild them for wetland rice cultivation. The prospects of using suitable oxygenating compounds should be investigated
to solve the seed emergence problem caused by anaerobic conditions. Ogunremi et
al. (1981) concluded that application of calcium peroxide improved crop emergence,
leaf area, dry matter, and the grain yield of cowpeas grown in a poorly drained soil.
To protect the upland crops from seepage from adjacent flooded fields, interceptor
ditches can be used between the fields to remove the water through existing drains.
Such drains will also remove excess rain-water. But additional investments will be
required for many rice areas in both irrigated and rainfed environments, because they
lack adequate drainage facilities for’rapid removal of excess water to protect upland
crops.
Can the excess water problems for upland crops be resolved economically by the
provision of surface drainage systems? The installation of subsurface drainage systems
is costly, and they cannot be economically justified for the small rice farmers’ holdings
for growing agricultural crops. Less expensive surface drainage systems are required
to remove excess overland water for growing rice and upland crops. Most ricelands
have some surface drainage facilities, and these are usually in the form of shallow
ditches along the boundary of the plot or farm, connected to a larger natural or artificial drain. However, the use of deeper internal surface drains to lower the watertable
in the field for better upland crop production might be counter-productive in the case
of rice culture. Such. drains would hamper water retention during rice cultivation,
and fertilizer losses would increase. Furthermore, the generally heavy rice soils with
poor hydraulic conductivity will require close spacing of such drains, which require
taking significant portions of small farmers’ holdings out of production.
In soils with certain nutritional problems, such as those with a zinc or sulphur defi68
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ciency, the provision of a good internal surface drainage system should be helpful
in increasing the productivity of the soil for rice or upland crops. Moorman and Van
Breemen (1978) cited the beneficial use of such a drainage system in the Philippines,
where the severe zinc deficiency was removed, and soil productivity improved considerably after the land was drained through narrow ditches.

Strategies to improve productivity
In considering possible strategies or approaches to improve the productivity of ricelands with drainage problems, we must first analyse extensively the type of problem
and its causes. In Table 5 , we have listed four major types of drainage problems found
in ricelands of the humid tropics of Asia, the possible reasons for the problems and
the relevant alternative strategies to be considered for their allevition. The strategies
are of two kinds: development-related and management-related.
The development-related strategies would resort to using physical structures to protect the target area from accumulating an excess of water and/or to remove the excess
water. They can also be termed as ‘engineering solutions’ to the problems. This approach is usually aimed at providing a permanent solution. The decisions concerning
the choice of technology and the type of specific structural measures to be applied
are governed largely by economic and financial considerations.
The management-related strategies often require no physical infrastructure to make
the desired change. They would not usually aim at providing a solution to the problem
itself, but may indicate how to live with it for higher benefits.
For the type 1 problem, i.e. the problem of intermittent or seasonal flooding, three
possible management-related strategies are indicated. The choice of one or the other
as a strategy will depend on the specific hydrological and agroclimatical environment
of the area under consideration, but all three are usually relevant. Use of short-duration varieties allows flexibility in adjusting the cropping schedule, in order that the
crop can be grown and harvested during the relatively safer or less risky period of
the season. In our analysis of the Bicol River Basin in the Philippines, a highly flood
prone area, it was estimated that by advancing the cropping schedule for the wet season, and using early-maturing rice varieties to allow harvesting by early October in
place of late November, the probability of damage to the crop from an average flood
would be reduced from 82% to 45% (IRRI Ann. Rep. 1985).
Early-maturing but high-yielding rice varieties are now being developed at IRRI
and national rice research centres in many rice-growing countries in Asia, and these
have opened up new opportunities for areas that had remained unproductive or had
low productions before.
Varieties with tolerance to submergence would provide additional security for the
rice farmers of flood prone areas. Research on the development of such varieties is
in progress. It is desirable that rice varieties with tolerance to both submergence and
salinity be developed for flood prone areas in coastal regions, where the soil has salinity
problems.
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9

Concluding remarks

Unlike some demperate regions, drainage problems of the humid tropical region of
Asia have nod been adequately studied in the past. The scope of direct transfer of
drainage techdology from the temperate region to the Asian tropics is limited by the
wide differencks in their climatological and socio-economic backgrounds.
Solution of the excess water problems is often a prerequisite to the improvement
in productivity of the ricelands affected by these problems. In this respect, the development-related sfrategy has the advantage in that it aims at providing a permanent solution of the problems, which in turn allows other technological innovations to function
in the area to improving its productivity. On the other hand, it is also generally true
that these soldtions are very costly, and if not done properly, they may provide only
a partial solution and may create new problems which could be even more difficult
and expensive to solve. Therefore, appropriate precautionary measures must be applied to ensure that such developments are founded on sound scientific principles and
adequate techkcal information.

I

Table 5 Major tyjes of drainage problems in rice-lands, possible reasons and alternative strategies to consider for improving productivity
I

Type of problem

I

Possible reasons

Possible alternative strategies

i

1 Intermittent o;
seasonal
flooding

'

~

-

Lowland elevation;
Limited drainage
capacity;
High rainfall and
run-off.

Management-related:
Use of short-duration rice varieties;
- Adjusting cropping calendar to
harvest before flood prone periods
of season;
- Use of submergence-tolerant rice
varieties
~

Development-related:
Provision of flood protection
measures and adequate drainage
capacity.

-

2

Waterlogging 1
within irrigation
systems during
major part of
season or year

-

-

Low elevation;
Excessive seepage
from irrigation
canals or higher
over-irrigated
areas;
Shallow watertable;
High rainfall;
Low internal drainage
of soil.

Management-related:
Control of excess water at source(s)
(e.g canal lining, more efficient
management of irrigation water
upstream);
Use of land for alternative crop or
aquaculture purposes, which may
better suit the given water regime
conditions.

-

~

Development-related:
Provisions of surface and/or
subsurface drainage facilities;
- Improvement of natural drainage
outlets.
-
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4

Low elevation;
- Low internal drainage;
- Upwelling or interflow
form adjacent high
areas in soils with
nutrient deficiency
(e.g.’Zn and P) and
toxicity (e.g. Fe
and Mn).

Prolonged
waterlogging in
soils with
nutrient
deficiency (or
toxicity)

-

Excessive water
on soil or high
soil water
content for
upland crop
culture

-

Lowland elevation;
- High watertable;
- Low internal drainage
in soil;
- Seepage from higher
or wetter lands;
- Uncontrolled flow from
irrigation source.

Development-related:
Provision of adequate surface or
subsurface drainage facilities to
remove excess overland water, if
any, and lower watertable,

-

Management-related:
Use of appropriate cultural
practices for better seed
germination and crop growth
(e.g. bedding, ridging, etc.);
- Control of seepage from wet areas
and excess irrigation flow by
improving crop production
planning and water management;
- Choice of crops which are more
tolerant to excess water conditions.

-

Development-related:
Provision of drainage network for
removing excess water from
surface;
- Provision of internal drainage
facilities to lower watertable.

-

Where development-related strategies are to be of limited capacity or not feasible
at all, management-related strategies are more relevant. In many cases, however, the
two can be complementary.
It should be mentioned here that a long-term, sustainable solution to the flooding
problem in river flood plains could hardly be achieved without proper management
of the river’s upper catchment which is the source of the soil erosion and sedimentation
processes responsible for many of the common ills in the flood plains. Very little attention is being given to this problem in the humid tropics of Asia.
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Drainage Machines
G.Zijlstra
International Institute for Land Reclamation and Improvement, ILRI Wageningen,
The Netherlands

Introduction
Until the early fifties the installation of tile drains in The Netherlands was carried
out entirely by hand. A narrow trench was dug accurate to the required depth and
grade, the last few centimeters of soil being removed with a gutter-shaped scoop to
form a proper bedding for the pipes. To avoid soil disturbance around the pipes, a
man would stand beside the trench and lay the pipes using a hook with a long handle.
Clayware pipes, 0.3 m in length were used, and the drain depth was around 1 m.
Drain installation by hand required 230 to 300 manhours per 1000 m drain, and was
thus very labour intensive. Therefore, it is not surprising that efforts were made to
mechanize the installation of subsurface drains, since a large expansion of new agricultural areas and existing areas, where the rationalization of agriculture required larger
field sizes and better trafficability, were to be tile drained, wages were steadily increasing and there was a growing scarcity of experienced labour for this work.

Trencher drainage machines
Drain installation was first mechanized in the USA around the 1920’s, but it was not
until the 1950’s that it was introduced to Europe.
The first drainage machine to be used successfullyin The Netherlands was a Buckeye
imported from the USA in 1954. It had an open digging wheel with scoops, and a
trench box with a shoe to shape the trench bottom. The pipes slid down a chute and
were laid in position by a man standing on the machine or walking alongside. The
trench was thus excavated entirely by the machine, but pipe laying was still largely
manual.
The application of cover material, if used, was a separate operation. An average
capacity of 140 m drain per hour could be obtained with the machine.
In the mid-fifties some Howard digging-wheel machines imported from Britain were
also used. The chute was constructed in such a way that the pipes automatically slid
into position on the bottom of the trench as the machine moved forward. With these
machines, which were smaller than the Buckeye, an average of 70 m drain per hour
could be obtained. However, their depth range was not entirely adequate for Dutch
conditions.
Several Dutch machine constructors recognized the wide scope for drain laying machines and started their own manufacture. The introduction of drain-laying machines
also led to the appearance of specialized drainage contractors, working on a price
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per meter basis, and therefore keen to further improve the technique. This interplay
led to a rapid development.
The first drainage machines manufactured in The Netherlands were built onto a
farm tractor. As experience was gained with these machines, it was found that they
could excavate the trench and lay the pipe with as much accuracy as pipes laid by
hand. Within a few years various improvements were incorporated:
- The digging wheel was replaced by a digging chain with cutter blades, which allowed
a lighter and more compact construction of the machine, and resulted in higher
laying capacities;
- A hydraulic control system was applied to regulate the digging depth;
- The machine was no longer built onto a tractor, but as an integral unit on a special
frame provided with long and wide tracks.
In 1958 some 80 drainage machines were already in use in The Netherlands. When
clay tiles were laid by these machines at the usual depth of 1.2 m and the trench width
of 20 to 25 cm, capacities of 250 to 300 m per hour were normal. A crew of 7 was
required for this operation, with a labour input of 25 to 30 manhours per 1000 m
drain. These machines can be characterized as ‘flat’ digging chain type; they have
a digging boom and trench box connected to the machine frame by a parallelogram
construction (Figure la). With this system the angle of the digging boom varies according to the working depth. These machines are most efficient at working depths of
up to 1.4 m in soft soils, which are predominant conditions in The Netherlands.
The success of the drainage machines in The Netherlands led manufacturers to build
machines for export as well. This greatly stimulated the adaptation of the machines
for a wide range of working conditions: hard and stony soils, larger working depths
of up to 2.5 m for arid irrigated lands, and the application of a gravel pack around
the pipe. This led to the development of ‘steep’ or ‘semi-vertical’ digging chain type
machines, in which the digging boom and trench box are connected to the machine
chassis by an intermediate frame (Figure lb). While trenching, the digging boom is
at an approximately constant angle of 60 O from horizontal, irrespective of working
depth.
Other notable improvements in the machines were adjustable width between the
tracks (narrow for transport, wide for digging to make room for the excavated soil),
and the flexible connection of the track frames to the machine chassis for movement
over uneven ground.
Apart from the technical development of the machines, two other developments
must be mentioned that have also greatly contributed to simplify and streamline the
pipe drainage operations. These are the introduction of flexible corrugated plastic
drainpipes after 1968, and the laser system for depth and grade control in the early
70’s.
The corrugated plastic drainpipe is light-weight, comes in coils of long lengths and
with factory-made perforations for water entry. Their use has simplified and reduced
the cost of transport to and on the work site, and virtually eliminated the possibility
of open joints and pipe misalignment. Their installation by machine is very straightforward. Coils of the smaller diameter pipe are usually carried on a reel on the machine
and wound off as installation proceeds. The larger diameters are mostly laid out on
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