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INTRODUCTION

Parched and dry soil

Alternate Wetting and Drying
technology in rice

INTRODUCTION
In strong support of rice production in the Philippines, strategies
to adapt to the negative impacts of climate change are needed to
ensure that farmers can continue producing rice while generating
sufficient income. With the growing demand for food amid the
looming water scarcity, crop water productivity is increased by
producing more food with less water.
A production system called ‘aerobic rice’ was developed in which rice
is grown in non-puddled and non-saturated soil, just like an upland
crop (Bouman et al., 2005). The target environments for aerobic rice
are irrigated lowlands with water shortage and favorable uplands with
access to supplementary irrigation (Belder et al., 2005). The irrigation
method can be done by flash, furrow, and sprinkler irrigation to keep
the soil wet but not flooded (Tuong et al., 2003). Low yields usually
characterize aerobic rice in adverse environments where rainfall is low
and irrigation is unavailable. Weed pressure in aerobic rice is also high
(Bouman 2008). However, with appropriate crop management and
adequate inputs, the yield of aerobic rice can be improved.
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Drip-irrigated eggplant seedlings

Available water-saving technologies have been proven to improve
crop water productivity. One of these technologies is drip irrigation
whereby water is utilized at a minimal rate by allowing water to
drip slowly and directly to the plant roots. It is suitable in areas with
water shortage because it conserves water by reducing water loss
through evaporation, seepage, and deep percolation. Compared
with flooding, drip irrigation can save water up to 70%. While this
technology is usually used for high-value crops using a low-cost
drip irrigation system in the Philippines (Ganotisi et al., 2014), its
application in aerobic rice is a potential solution to growing rice with
limited water. Thus, this technoguide presents recommended drip
irrigation practices for aerobic rice that are based on experimental
results.
This technoguide provides information on drip-irrigated aerobic rice
from planting to harvesting. It also includes information on installing
a simple drip irrigation system and its operation and maintenance.
It is hoped that the intended users of this technoguide such as our
agricultural extension workers, service providers, and farmers find it
useful as a learning material in adopting drip-irrigated aerobic rice in
the farming community.
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WHAT IS
DRIP IRRIGATION?
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DRIP IRRIGATION
Also known as trickle irrigation or micro-irrigation, it involves
dripping water onto the soil at very low rates (2-20L/h). The water is
applied close to the plants so that only part of the soil in which the
roots grow is wetted (PAES 224: 2017). Water flows from the emitter
through the soil by capillarity and gravity.
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Drip irrigation system setup at PhilRice CES
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ADVANTAGES OF
DRIP IRRIGATION

ADVANTAGES OF DRIP IRRIGATION
Use of water
•
•

Reduces evaporation
Wind does not divert drops of water
from plants

•
•
•
•
•

Eliminates surface run-off
Water supply is at an optimum level
Application rate can be adjusted
Wider area can be irrigated
Water is distributed uniformly

The environment of the root
•
•
•
•
•

Improves aeration
Reduces greenhouse gas emission
Available nutrients are increased
Constant condition of water retention at low
tension is created
Salt accumulates beyond the root zone
of the plants

The reaction of the plant
•
•
•

Crop yield increases per unit of applied water
Crop health improves due to less water contact
with leaves and stems, thus less favorable for
disease development
Uniform growth and maturity are ensured
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Economic benefits
•
•
•
•
•

Increased labor productivity
High water savings at 30-70%
High water productivity and
water-use efficiency
Suitable for any topography
Can be used for other crops other than rice

DISADVANTAGES OF DRIP IRRIGATION
•
•
•
•
•

High initial investment cost
Requires thorough maintenance
Requires clean (filtered) water
Requires skilled labor in the installation of components
Additional operation and maintenance cost
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MAJOR COMPONENTS OF THE DRIP IRRIGATION SYSTEM

Table 1. Major components of the drip irrigation system.
Number Components

Description

1

Water source The common water sources for drip
irrigation are surface water (pond, river,
and creek) and groundwater.

2

Pumping
system

It moves water from the water source to
the field through the distribution system.
The pumping system can be powered by
electricity, gasoline/diesel, or gravity.

3

Water tank
and support

The gravity-fed drip irrigation system
requires an elevated water tank to allow
gravity to provide sufficient pressure to
distribute water in the field.

4

Distribution
system

It conveys the water from the source to
the field. Distribution pipes are mostly
made of PVC or polyethylene plastics.
The size and shape of the distribution
system vary depending on the layout of
the field crop.

5

Filtration
system

It removes large solid particles suspended
in the water. Media filters containing
angular sand are used with surface water;
screen filters with groundwater. A 200mesh screen or its equivalent is adequate
for drip irrigation.

6

Drip tape/
tube

The drip irrigation system delivers water
to each hill through a thin polyethylene
tape (or tube) with regularly spaced small
holes called emitters. The emitters are
fitted to a drip irrigation lateral to emit
water in drops or continuous flow at
emitter rates each not exceeding 15L/hr.
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AEROBIC
RICE under the drip irrigation system
Rice16
crop
at 39 days after
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LAND PREPARATION
Dry-plow the soil using
4-wheel or 2-wheel tractor,
or animal power with
moldboard plow, disc plow,
or rotovator as attachment.
•

Dry plow the field using
a parallel pattern. The
pattern starts at one
boundary of the area and
ends at the opposite.

•

The first pass may move
along the edges of the field
in a clockwise pattern; the
second pass may move
counterclockwise, and
finishes at the center.

•

Clockwise and counterclockwise
pattern of land preparation

Level the field properly for
efficient weed and water
management.

Parallel pattern of land preparation

Note: To ensure that seeds are not planted deeper than 10mm, a
well-leveled soil is necessary.
18 |DRIP-IRRIGATED AEROBIC RICE

CROP ESTABLISHMENT
Uniformly sow 60-80kg
ungerminated seeds/
ha onto dry soil either
by manual broadcasting
in-furrow or using a
mechanical seeder.

Mechanized seeding for crop establishment

NUTRIENT MANAGEMENT
Farmers can apply site-specific nutrient management rates in
their area based on soil analysis. As a general recommendation,
the following can be used:
•

Apply nitrogen (N) at 90kg/ha in the following splits: 33% as basal;
25% at the mid-tillering stage, 25% at panicle initiation; and 17%
at flowering.

•

Apply phosphoric acid or phosphorus pentoxide (P2O5) at 40kg/
ha as basal (or based on local recommendation for balanced
fertilization).
DRIP-IRRIGATED AEROBIC RICE
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•

Apply potash or potassium
oxide (K2O) at 40kg/ha as
basal (or based on local rate
for balanced fertilization).

•

Fertilizer materials to be
used:
1. Urea (46-0-0) as source
of N
2. Complete fertilizer (1414-14) as source of P2O5
and K2O

•

Since complete fertilizer
is difficult to dissolve in
water, it may be applied
manually as basal. The rest
of the fertilization schedules
(during maximum tillering,
panicle initiation, and
flowering) are done through
"drip fertigation."

•

Dissolve the fertilizers
in water in a separate
container/drum, and pour
it into the tank for drip
fertigation.

Note:

Preparation of nutrient solution for
fertigation

Bucket containing nutrient solution for
drip fertigation

Liquid and water-soluble fertilizers are ideal for drip
fertigation. Granular fertilizers (usually with fillers) should
be adequately dissolved in water to prevent clogs and
blockage in the drip emitters.
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WEED MANAGEMENT

Application of pre emergence herbicide

Weeds are among the major concerns in aerobic rice cultivation
due to the absence of surface water that suppresses them by
way of flooding. Control weed growths through:
•

Do thorough land preparation. This option helps bury, desiccate,
and separate the shoots and roots of weeds. It can also help
exhaust carbohydrate reserves particularly for perennial weeds like
Cyperus rotundus.

•

Use healthy and clean rice seeds. Planting pure, full, and
uniform-size seeds ensures the germination of more healthy
seedlings. They also help prevent the potential introduction and
infestation of weeds in the field.

•

Apply pre-emergence herbicide (e.g., butachlor, pretilachlor,
and oxadiazon) at 2-4 days after the rice-seeded soil had been
moistened through drip irrigation or naturally by rain. For better
weed control, apply post-emergence herbicide depending

DRIP-IRRIGATED AEROBIC RICE
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on the type of weed species present and age of rice in the field, as
well as its availability and price.
•

Do handweeding if the infestation is manageable, depending on
the availability of handweeders in your area.

•

Do mechanical weeding using inter-row cultivators, if applicable.
Adjust the row cultivator so as not to interfere with the drip lines
and roots of growing rice plants.

WATER MANAGEMENT
Depending on the soil type,
climate, and lateral spacing,
drip irrigation frequency may
vary.
•

Fully drip-irrigate the field to
provide the required moisture
for seed germination one day
after sowing. Farmers can
choose to install the drip lines
after few days when visible
seedlings have sprouted to
ensure their proper spacing
and layout in the field. In this
case, the first few irrigations
can be done by flash flooding.

•

Irrigate every 2-4 days during
the vegetative stage of the
rice crop. More frequent drip
irrigation is needed to bring
the soil to saturation during
the flowering stage to prevent
yield loss.
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Drip irrigation at early stage of the
rice plant

•

Stop irrigation when the wetted perimeter between rows
overlaps by the drip water.

•

Adjust the irrigation interval appropriately, if there is rainfall.

DID YOU KNOW?
In sandy clay loam soil, it takes 3h for the wetted perimeter
to overlap between rows and bring the soil to saturation
point (0-5 kPa) using a 60-cm lateral spacing with 20cm row
spacing.

HARVEST MANAGEMENT
•

Stop irrigation 1-2 weeks
before the expected time
of harvest. Harvest the crop
when the grains appear
golden yellow.

•

Thresh the rice immediately
to prevent heat build-up
resulting in low-quality milled
rice.

Note:

Before harvesting, remove the lateral lines to facilitate
field operations. Make sure to store and organize the lines
properly for the next cropping season.

DRIP-IRRIGATED AEROBIC RICE
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INSTALLING THE GRAVITYFED DRIP IRRIGATION
SYSTEM

INSTALLING THE GRAVITY-FED
DRIP IRRIGATION SYSTEM

1

Install a structure to support the water reservoir.
•

The structure can be constructed of any frame that can support
the weight of a water-filled container. It must be very stable,
such as concrete or well-braced metal or wood (Figures 1 and
2).

•

Depending on the system design, the pressure head or
the vertical distance from the tank outlet to the lateral line
ranges from 1m - 3m. Table 2 shows the actual discharge of a
commercially available drip line having a two-lph discharge.

Table 2. Discharge of the drip lines at different pressure heads.
Discharge (lph)
Length of drip line (m)

Head (m)
100

75

50

25

1

0.55

0.73

0.97

1.15

2

0.74

0.99

1.22

1.42

3

0.86

1.12

1.37

1.65

*Based on laboratory experiment conducted at PhilRice CES.
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Figure 1. Excavating soil for the Figure 2. Installing the water tank
footing of the structure.
structure made up of metal.

2

Use a PVC pipe to connect the water tank to the main
irrigation line (Figure 3). A control valve between the
reservoir pipe and the irrigation pipeline should be placed to
control the release of water.

DRIP-IRRIGATED AEROBIC RICE

| 27

Figure 3. PVC pipe connected to the opening of the water tank.

3

Install a filter before the mainline to prevent the lateral line
from becoming clogged (Figure 4).

Figure 4. Installed filter prevents clogging of the dripline.
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4

Depending on the system design, layout the lateral spacing
along the sub-mainline. For aerobic rice, lateral lines are best
installed between the rows at a spacing of 60cm and emitter
spacing of 30cm (Figure 5).

60cm

60cm

60cm

60cm

60cm

60cm

Figure 5. Recommended dripline spacing for aerobic rice with different
orientations of the water tank.
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5

Make sure that the lateral lines are straight, with drippers
facing upwards. Use stakes to hold the lateral lines in place
and a poly-end stop or any clamp to close them.

Figure 4. Lateral lines with stakes to stay in place.

6

Flush all mainline and laterals before the first irrigation.
Inspect each lateral and each emitter to ensure uniform
distribution of water according to the designed flow rate.

7

Clean the filter as often as possible.
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Note: •

•

The drip irrigation system is very straightforward and
can be modified according to the desired design. In
addition, a ready-to-install drip kit that can be easily
set up is commercially available.
The recommended dripline spacing for aerobic rice
is based on experiments conducted at PhilRice and
University of the Philippines Los Baños.
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Fixing pipe connections due to leakages

7

DRIP IRRIGATION
SYSTEM MAINTENANCE

Checking the drip pipe connections in the field
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DRIP IRRIGATION SYSTEM
MAINTENANCE
Inspect all the irrigation lines for any physical damage.
Fix holes and leaks immediately to prevent low
discharge.
If the water flow rate progressively declines during
the season, the irrigation lines or the emitters may be
slowly clogging. Therefore, flush the lateral lines once
a month by removing the poly-end stop or clamp
inserted at the end of the line to allow higher-velocity
water to flush out the sediment.
Depending on the quality of the materials, replace
the lateral lines after repetitively removing and
reconnecting them every after cropping season.
Clean the filter and the water tank every cropping
season.
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We are a government corporate entity (Classification E) under the Department of Agriculture.
We were created through Executive Order 1061 on 5 November 1985 (as amended) to help
develop high-yielding and cost-reducing technologies so farmers can produce enough rice for
all Filipinos. With our “Rice-Secure Philippines” vision, we want the Filipino rice farmers and the
Philippine rice industry to be competitive through research for development (R4D) work in our
central and seven branch stations, including our satellite stations, collaborating with a network
that comprises agencies strategically located nationwide. We have the following certifications:
ISO 9001:2015 (Quality Management), ISO 14001:2015 (Environmental Management), and ISO
45001:2018 (Occupational Health and Safety).
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