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The contribution of rain-fed farming to national food production in Indonesia has yet to be optimal. The major constraint has been
limited water supply, where it relies exclusively on the rainfall, and hence its planting index (PI) is still low, on average only 1.05.
The establishment of water management system to support rain-fed fields with the introduction of suitable cultivation techniques
(gogo rancah, walik jerami, super jarwo, and ratoon paddy) is known to be effective in rain-fed farming. Further, the use of droughttolerant paddy variety and changing cropping pattern to focus on paddy, maize, and soybean would potentially improve the food
production capacity in Indonesia. This study has shown these interventions, when applied to the existing 4 million ha rain-fed
fields, are estimated to increase annual rice production by 16.7 million tons. The production of maize and soybean is also expected
to increase by 3.7 million tons and 0.98 million tons per year, respectively. It is beyond the scope of this study, however, to consider
the actual benefit felt by rain-fed smallholder farmers. Future research with farmers as its focus and the capacity of Indonesian
institutions toward rain-fed farming thus will contribute further to the rain-fed farming development in Indonesia. This article
shares a strategy in maximising the contribution of the currently available 4 million hectares of rain-fed land to the national food
production, and hence sustainable food self-sufficiency in Indonesia.

1. Introduction
To feed the burgeoning world community of 9.73 billion
people by 2050, additional food will have to be produced to
at least 70% of total current production [1]. As the fourth
world’s largest population and agriculture-based country,
Indonesia’s current availability of agricultural land resources
is ascertained not to be sufficient to fulfill the forecasted
demand for food, especially rice as the main staple food, for its
people which is expected to reach 321 million people by 2050
(to illustrate, one ha of paddy fields in Indonesia must support
the lives of 33 people, while in other countries it is only to
feed 2-3 people, or at most 10 people (Sulaiman, et al., pp. 6))
[2]. Notwithstanding, rising incomes will consequently cause
dietary change for many Indonesians, and the level of rice per
capita consumption in recent years has only slowly declined
(Indonesian’s annual per capita consumption is around
127 kilograms [3]) [4, 5]. Hence, ensuring national food

self-sufficiency in the face of decreasing irrigated agricultural
land areas due to massive conversion to other economic
sectors is undeniably to be a major challenge for Indonesia
[6–9].
At present, national rice production is mostly cultivated
in irrigated rice fields (60.3%), while the rest is produced
in rain-fed paddy fields [10]. Yet a study carried out by the
Center of Agriculture Data and Information System, MoA,
in 2016 showed that the productivity of irrigated paddy harvested areas in Indonesia had approached a saturation point
[11–13]. Besides extensification, optimization, or enhancing
productivity on existing agricultural lands, particularly rainfed land is thus considered as one of the potential panaceas to
address the above challenge [14, 15].
In the context of rain-fed paddy fields in Indonesia, there
are around 3.17 million ha or 41.2% of the total wetland areas,
spread over Java (34.8%), Sumatra, Kalimantan, Sulawesi,
Bali, and Nusa Tenggara [16]. Nevertheless, the contribution

2
of rain-fed farming to national food production today has
yet to be optimal because of its high dependency on rainfall
for its irrigation. To date, planting index (PI) is low, on
average only 1.0 – 1.05 (planting index (PI) is the ratio of
total planting area to total area available for planting crops
in a year. IP of 1.05 indicates that in 100 ha land available
for planting, there is 105 ha total planting area in a year).
Rice farmers in rain-fed fields generally still use traditional
technology, whereas irrigated rice farmers have long applied
more advanced technology. Further, the international rice
research community classifies rain-fed lowland areas as
high-risk environments due to increasing water scarcity
and climate change which threaten their vulnerability to
drought, flood, or salinity [3, 10, 17–20]. A higher risk of
plant pest organisms also causes farmers to be more reluctant
or hesitant to apply intensive technology to rain-fed land
([14]; Lampe, 1993). Consequently, the actual farmers’ yield
in rain-fed fields is as low as 1.8 tons/ha [20], 3.0 – 3.5 tons/ha
[21], or maximum around 4.8 tons/ha [22]. These are much
lower than achievable potential yields in rain-fed areas [19].
Current research indicates that with investment on irrigation
infrastructure, PI of rain-fed land can be maximized to 2-3
[11–13, 23–25]. These gaps in PI could serve as a background
to boost financial and technical investments in rain-fed
farming with the aim to increase sustainable production.
The key to unlock the potential contribution of rain-fed
land to increase national food production is the development
of water resources infrastructure, in particular rainwater
harvesting facilities such as farm pond, long storage, channel reservoir, and shallow tube well. The infrastructure is
required to ensure sufficient supply of irrigation water during
the dry season [23, 26, 27]. In order to further improve
the production capacity of food from rain-fed fields, other
supporting instruments are also essential. One of these
instruments is the introduction of technological innovation
to rain-fed farming [28]. These interventions are expected
to increase PI and trigger a shifting in the recent cropping
pattern from Rice-Fallow (PI 1) to Rice-Maize/Soybean (PI
2) or Rice-Secondary crops-Secondary crops (PI 3).
The technological innovation being introduced so far
covers not only cultivation aspects but also the construction
of physical irrigation infrastructure as well as water management system. The integration of technical and institutional
aspects in irrigation management has a positive effect on
agricultural production, efficiency, and optimization of the
allocation of water resources [28]. Its delivery assumes an
integrated approach through Integrated Plant Management
(IPM) aiming at a precision agricultural system with solid
and innovative institutional support [11–13, 25]. The IPM
approach is participatory, site-specific, integrated, synergistic, and dynamic [29]. Studies conducted by the Indonesian
Center for Rice Research (ICCR) show the multiplier effect
among technological components in IPM is able to provide
high yields [30]. This would lead to increased food production and income and accordingly improve the welfare of farm
households [22].
This article aims to provide strategic thinking in maximizing the contribution of the currently available 4 million
ha of rain-fed land to the national food production, and
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hence sustainable food self-sufficiency in Indonesia. The
focuses of food commodities in this report are rice, maize,
and soybean. The cumulative impact of the IPM approach
on the rain-fed land is expected to increase national food
production by 20.3% for rice, 13.1% for maize, and 180.5%
for soybean, and the potential economic benefit could reach
IDR 88,747 – 95,620 trillion per year. In specific, the article
elaborates (i) the potential of rain-fed farming in Indonesia,
(ii) policy support for promoting rain-fed farming, (iii) technological advancement for rain-fed farming in Indonesia,
(iv) economic return of investment on infrastructure and
technological innovation in rain-fed areas, and (v) impact
of developing water management infrastructure in rain-fed
fields to rice production in Indonesia.

2. The Potential of Rain-Fed
Farming in Indonesia
Recent national statistics indicate that around 3.64 million
ha of the total 7.70 million ha existing agricultural land in
Indonesia is categorized as nonirrigated land, and 3.17 million
ha out of which is rain-fed land [16]. Rain-fed land refers to all
agricultural land whose water supply is mainly derived from
rainfall and/or surface water. Therefore, irrigation of rainfed farming is largely dependent on rainfall, which makes
the fields vulnerable to the risk of drought during the dry
season. Rain-fed rice fields are commonly associated with or
adjacent to dry land. Some of the dry lands can be converted
into rain-fed paddy fields if facilitated with rain harvesting
infrastructure and facilities [10].
The main crops cultivated in rain-fed areas in addition
to rice are corn, soybeans, green beans, groundnuts, and
horticulture crops. These plants are normally sowed during
the third planting season (MK2) in irrigated rice fields or
in the second and third planting seasons (MK1 and MK2)
in rain-fed rice fields (the rainy season (MH) in Indonesia
starts from October to February. The dry season is then
divided into the first dry season (MK1) in March–June and
the second dry season (MK2) in July–September). Typically,
secondary crops require water of 100–200 mm/month but
vary according to the type and growth phase of the plant, soil
pore size distribution, soil fertility level, and the required land
management.
As further elaboration according to spatial data, the rainfed land in Indonesia covers around 4 million ha. It consists
of 3.17 million ha of rain-fed paddy fields and 0.82 million
ha of associated dried land. Out of the 3.17 million ha of
rain-fed paddy fields, only 0.6 million ha are indicated to
have already had water-accumulating infrastructure (WAI)
and the remaining have no WAI yet including the associated
dried land ([32–34], Statistics Indonesia, 2017).
The productivity and PI of rain-fed land so far are
mostly highly dependent on precipitation. In the western
part of Indonesia, rain-fed land is generally wet with annual
precipitation > 2,000 mm and total 5-9 wet months (average
monthly precipitation > 200 mm), and dry season of fewer
than 6 months (average monthly precipitation < 100 mm).
This enables a PI of more than one, with both paddy and
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short lifecycle of secondary crops. Meanwhile, in the eastern
part of Indonesia, rain-fed land is generally dry with annual
precipitation < 2,000 mm and a wet season of less than 5
months, and 5-10 dry months. PI in the western part of
Indonesia can potentially be more than 2, but it is currently
1.05, or only 5% can have two plantings a year. Therefore, the
potential for increasing PI in the western part of Indonesia
is still relatively high. In the dry land with 5-10 dry months,
PI is relatively hard to increase without any additional water
sources other than rainfall [11–13, 16, 35, 36].

3. Policy Support for Promoting
Rain-Fed Farming
Regarding the potential share of rain-fed farming to the
national food production capacity, rain-fed farming forms
the next mainstay of the Indonesian national food selfsufficiency program, after the irrigated farming. To maximize
its contribution, an integrated intervention consisting of
optimal utilization of rainwater with improved cultivation
technique was supported by the Government of Indonesia
(GoI) [6]. Solid support for the rain-fed farming in Indonesia
appeared in 2018 when the GoI promulgated Presidential
Instruction (Inpres) Number 01/2018 concerning Acceleration for the Provision of Small Farm Pond and Other Water
Accumulation Infrastructure in Villages. This regulation
provides legal protection for the development of irrigation
infrastructure in rain-fed and dried associated paddy field
ecosystem, in terms of both coordination and institutional
setting. Previously, the GoI also issued regulations regarding
the management of water resources as stipulated on Presidential Regulation No. 33/2011 to provide a clear guidance on the
national-level management of water resources for a period
of 20 years, from 2011 to 2030. This regulation and their
derivative regulations address various potential problems in
relation to changing in agroecosystem due to deforestation
and land conversion, which affect the overall water supply for
agriculture.
The construction of small farm pond and other water
accumulating infrastructure are the solution to the water
constraint problems of villagers for agricultural irrigation
particularly during the dry season. Around 82.77% of the
total 74,754 villages in Indonesia rely in terms of their
livelihood exclusively on agriculture. Sustainable supply of
water for irrigation all year round being facilitated through
the construction of farm pond and capacity improvement of
WAI is expected to increase the productivity of farm business
of the villagers and trigger economic development in the
villages. The optimal utilization of farm pond for irrigation
can increase PI in rain-fed land from 1.0 to 3.0, and hence the
income of the villagers.

4. Technological Advancement of Rain-Fed
Farming in Indonesia
The basis of support to the rain-fed farming provided by
the Government of Indonesia ultimately lies on present
technological advancement available in the country. As
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mentioned earlier, the development of rain-fed fields in
Indonesia should be carried out by establishing integrated
water storage facilities with a proper water distribution
system. Common infrastructure units for rainwater storage
in Indonesia are farm pond, dam, and reservoir channel.
The water in these units is distributed to the fields mostly
by using pumping machine or utilizing gravity. Here, the
use of pumping machines or channel reservoirs and farm
pond in stages has been known to succeed in increasing the
capacity of water and extend the coverage area of irrigation
[10]. This means the PI of the field would increase and thus
it would be possible to have multiple commodities which
can be cultivated in a year [26, 27]. In Lombok Tengah and
Lombok Timur districts, for example, the water for farming
mostly flows from rain, supplemented from farm ponds.
The farm ponds are generally built in an area dedicated for
agriculture with the aim to improve PI from 1.0 to 2.0 or
even more by planting secondary crops in the third planting
season. According to the information of the Head of the
Farmer Group in Jerowaru Subdistrict in Lombok Timur, the
cropping pattern before a farm pond was built was only rice
once a year. No other crops could be planted in the field due
to lack of water sources. After a farm pond was built, the
cropping pattern for a year develops into rice–rice–tobacco
and rice–secondary crops–soybeans. Examples of benefits
from other infrastructure in different regions of Indonesia
can be seen in Table 1.
These infrastructure units are expensive to build; hence,
it is quite difficult for smallholder farmers to build one.
For this reason, through Presidential Instruction (Inpres)
No. 01/2018, the GoI has built 30,000 farm pond units and
other water storage structures as an effort to improve the
utilization of rain-fed and dryland farming. On the other
hand, superior varieties of rain-fed rice have been developed
and are currently ready for use. The varieties are typically
tolerant of drought and disease. Among these varieties are
Inpari-38 Rain-fed Rice (TH), Inpari-39 TH, and Inpari-41
TH. The Inpari-38 TH, for example, has the potential yield
of up to 8.16 tons of dried rice grain (DRG) per hectare
with early maturity and more tolerant of drought. In general,
the use of this variety coupled with water management
technology will be able to increase rice production in rainfed farming at least 75% of current production.
These investments on infrastructure and water management system combined with the breakthrough on superior
varieties of paddy were readily available for farmers to
use. Nonetheless, this support alone will not guarantee the
maximum contribution of rain-fed farming to the expected
improvement on the national food production capacity, especially for rice, maize, and soybean. Thus, another intervention
is needed in the form of suggested cultivation technique and
cropping pattern which could potentially further increase
productivity and PI of rain-fed farming.
With proper infrastructure and water management system, it is possible to apply multiple cropping systems per year
instead of only one plant in a year. The suggested cultivation
techniques are gogo rancah or to plant paddy directly from
its seed, walik jerami which applies straws from previous
rice crop while the soil is still wet, and super jarwo (a
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Table 1: Comparison of yield from annual cropping pattern in rain-fed land.
Water Storage
Infrastructure

Location

Impact on PI

Attainable Benefit

1.

Farm pond

Tenjolaya, Bogor,
Jawa Barat

Additional production up to 135 ton dried rice grains
(DRG) equal to Rp. 500 million per year

2.

Channel reservoirs

Tompobulu Village,
Maros, Sulawesi
Selatan

Improve PI from 2.0 to 2.5
Support 45 ha
Paddy: improve PI from 1.0
to 2.0
Secondary crops: improve
PI from 1.5 to 3.0
Support 75 ha

3.

Long storage

Panyindangan Wetan
Village, Indramayu,
Jawa Barat

Improve PI from 2.0 to 2.5
Support 900 ha

Additional production up to 2,700 tons DRG equal to
Rp. 9.9 billion per year

4.

Shallow tube well

Ngawi, Jawa Timur

Improve PI up to 100%
Support 4 ha

Additional production up to 6 tons DRG equal to Rp. 16
million per year

No.

Additional production up to 1,230 tons DRG equal to
Rp. 4,550 million per year

Source: Sulaiman et al. [31]; MoA [11–13]

more advanced version of jarwo technique). The gogo rancah
technique will ensure that the paddy would have enough
water at the time it needed the most [31]. The walik jerami,
on the other hand, would improve the odds to get water
for the next rice crops [37]. These two suggested cultivation
techniques were known to be effective for rain-fed farming
for a long time ago and could be done with minimum water
harvesting and distribution infrastructure [37]. The more
recent and technological is the super jarwo technique, which
cannot be done without an ideal water management system.
With these techniques, the suggested cropping pattern for a
year which started with the rainy season (MH) would be as
follows:
paddy (with gogo rancah technique)–paddy (with
walik jerami technique)–secondary crops (could be
maize or soybean)
paddy (with gogo rancah and super jarwo technique)–paddy (with extended jarwo technique)–secondary crops (could be maize or soybean).
In this regard, paddy, maize, and soybean were chosen due to
their priority in Indonesia food self-sufficiency target.
With the aforementioned cropping pattern, the PI for
paddy would increase to 2.0 with a possibility to gain from
secondary crops. In the first cropping pattern, the introduction of superior varieties (either Inpari-38 TH, Inpari-39 TH,
or Inpari-41 TH) using gogo rancah technique during the
rainy season (MH) could generate productivity of around 6
(six) tons of dried grain per hectare. The later paddy cropping
prepared using walik jerami technique in the first dried
season (MK1) would potentially result in productivity of 3.5
tons of dried grain per hectare. The potential gain from maize
is five tons of dried shelled corn per hectare, or that from
soybean is 1.5 tons per hectare, should these crops be planted
in the second dried season (MK2) (see Table 3) [11–13, 31].
The second cropping pattern utilizes the super jarwo
cultivation technique, followed with a modified ratoon technique for paddy. Different from that with regular jarwo,
the super jarwo technique requires (1) high quality seed
for new variety of rain-fed paddy with higher yield, (2)

biodecomposer applied at land preparing stage, (3) biofertilizers as seed treatment with fair application, (4) integrated
pest control technique, and (5) mechanization especially for
planting and harvesting stage. The super jarwo could be
applied to both irrigated rice farming and rain-fed farming.
Application in rain-fed farming is done by combining it with
gogo rancah technique supported by proper water harvesting
infrastructure. Assuming the requirements could be attained,
the following rice crop would be just an extended jarwo by
ratooning the paddy. This ratoon paddy is known as jarwo
plus. The jarwo plus would only yield 70%-80% dried grain
compared to the previous rice crop (the super jarwo) [31,
38–40] but requires less time to harvest [40]. In addition,
compared with the walik jerami technique, the jarwo plus
would not require additional seed; thus, the cost would be
cheaper.
By using the super jarwo followed by the jarwo plus, the
production of rice grain during the rainy season (MH) and
first dried season (MK1) is expected to be increased. The
potential yield of this cropping pattern is up to 7 tons of
dried grain per hectare in MH and 4.5 tons per hectare in
MK1, while the potential yield of secondary crops would be
the same as that using gogo rancah and walik jerami. The
comparison of annual cropping pattern for rain-fed farming
is presented in Table 2.

5. Economic Return of Investment on
Infrastructure and Technological
Innovation in Rain-Fed Areas
As mentioned before, the introduction of high quality of
rain-fed paddy variety with suggested cultivation technique
in the rain-fed farming with proper water harvesting and
distribution system could significantly increase its PI and
production [22]. However, the proper infrastructure required
for water management system is expensive. Hence, it is logical
to measure the economic benefit of investing in the system.
In order to provide an illustration, an analysis has been made
for existing infrastructure on a different type of crops (paddy,

Advances in Agriculture

5
Table 2: Comparison of yield from annual cropping pattern in rain-fed land.

Planting Index (PI)
3
Production Potential (Ton Dried Grain/Ha)
3
Production Potential (Ton Dried Grain/Ha)

MH (Oct-Feb)

MK1 (Mar-Jun)

MK2 (Jul-Sep)

Gogo rancah rice

Welik jerami rice

6.0

3.5

Secondary crops
Soybean: 1.5
Maize: 5.0

Gogo rancah rice with super jarwo

Rice with jarwo plus

7.0

4.5

Secondary crops
Soybean: 1.5
Maize: 5.0

Source: Sulaiman et al. [31]; MoA [11–13]

Table 3: Potential increase in crop production resulting from investment in water harvesting infrastructure.
Type of Infrastructure
Channel Reservoir
Farm Pond
Long Storage
River
Shallow Tube Well
TOTAL

Coverage (Ha)

Potential Increase of PI

368,078
8,535
3,762
113,279
71,642
565,296

1.50
0.50
0.50
1.00
1.00
1.31

Potential Increase in Production (Ton)
Paddy
Maize
Soybean
2,402,845
611,666
217,140
43,665
-9,059
-1,997
18,680
-3,562
-866
643,753
41,259
19,909
430,019
12,096
6,059
3,538,961
652,400
240,244

Source: Sulaiman et al. [31]; MoA [11–13]

maize, and soybean) in the rain-fed field, whose result is
presented in Table 3.
Table 3 was made based on improvement from the annual
monocropping pattern (only paddy and only once a year)
to multicropping with paddy at least twice a year. The
monocropping pattern is common practice in rain-fed and
dry land farming before the introduction of the Integrated
Plant Management system. Table 3 indicates that, currently,
the total area for rain-fed or dry land farming supported
by water management system is 0.56 million ha. Most used
infrastructure is channel reservoir, which covers 368,078 ha
(65%) of the area. With this facility, the increment in production for paddy, maize, and soybean is up to 2.4 million tons,
0.6 million tons, and 0.2 million tons, respectively. A different
result is apparent for the infrastructure types of the farm
pond and long storage. The improvement in PI decreases the
production of maize and soybean, but it is being compensated
for by an increase in production of paddy. In total, the 0.56
million ha of rain-fed areas have been improved by building
water management infrastructure with average gains in PI
equal to 1.31. The total additional production of paddy, maize,
and soybean would be as large as 3.5 million tons, 0.6 million
tons and 0.2 million tons, respectively.
Should we capitalize the potential gains yielded from
building various infrastructures as figured in Table 3, one will
realize the economic return of investment of those buildings.
In this case, we will use the cost of investment on these
infrastructures as stated in Sulaiman et al. [31] study, i.e. (a)
channel reservoir would cost us as much as Rp. 4.5 million
per ha, (b) farm pond cost is Rp. 4 million/ha, (c) long storage
cost is Rp. 4 million/ha, (d) optimization of river flows cost is
Rp. 5.95 million/ha, and (e) building shallow tube well would
cost us Rp. 5.4 million/ha. As for the profit in the matter, we
will convert the gain in production in Table 3 to the value of

the product in Indonesian local market. In this context, we
will use the average price of the commodities in 2017 in the
province where the infrastructure was built. The result of this
analysis was shown in Table 4 for paddy–paddy–maize and
paddy–paddy–soybean cropping pattern.
From the table and by using predefined analysis method,
we have learned that improving PI in the rain-fed area would
benefit us at least Rp. 19,517,318 million with cropping pattern
paddy-paddy-soybean. With paddy-paddy-maize, we would
have a net profit estimated up to Rp. 20,198,679 million.
If we look at the profit for each type of infrastructure, the
channel reservoir for the first cropping pattern would give
us the larger economic profit by Rp. 39 million per ha
field it supports. These figures are achievable by applying all
previously mentioned technological advancement.

6. Impact of Developing Water Management
Infrastructure in Rain-Fed Fields on Rice
Production in Indonesia
Previous illustration of potential gain in rice production
(Table 3) and its economic benefit (Table 4) were made by
observing the existing water harvesting infrastructure types
in rain-fed fields with total coverage of 565,296 ha. This area
covers only 14% of total rain-fed and associated dry land in
the country that accounted for almost 4 million ha. There
are 824,008 ha of associated dry land and 2,610,146 ha of
rain-fed land, which have yet to had water management
infrastructure. Since the associated dry land would normally
cover an area adjacent to the rain-fed field, one could assume
that the land requires the same water management facilities
as the bordering rain-fed field. Table 5 shows the potential
increase in production should the GoI develop the rain-fed
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Table 4: Potential economic return from investment on water harvesting infrastructure.

Type of Infrastructure

Channel Reservoir
Farm Pond
Long Storage
River
Shallow Tube Well
TOTAL
Channel Reservoir
Farm Pond
Long Storage
River
Shallow Tube Well
TOTAL

Coverage (Ha)

Potential Income
(IDR million)

Cropping Pattern: Paddy – Paddy – Maize
368,078
16,021,758
8,535
168,669
3,762
70,977
113,279
3,028,504
71,642
1,982,038
565,296

21,271,946

Cropping Pattern: Paddy – Paddy – Soybean
368,078
15,313,272
8,535
188,420
3,762
77,823
113,279
3,007,181
71,642
1,978,634
565,296

20,565,329

Cost
(IDR million)

Economic Profit
(IDR million)

1,656,352
34,141
286,566
453,117
286,566

14,365,406
175,955
69,965
3,395,609
2,191,744

2,716,743

20,198,679

1,656,352
34,141
286,566
453,117
286,566

13,656,919
196,571
77,905
3,393,847
2,192,075

2,716,743

19,517,318

Source: Sulaiman et al. [31]; MoA [11–13]

Table 5: Potential increase in crops production resulting from rain-fed fields WITH and WITHOUT investment in water harvesting
infrastructure.
Type of Infrastructure

Coverage Areas (Ha)

WITH Investment in Water Harvesting Infrastructure
Channel Reservoir
619,235
Farm Pond
8,813
Long Storage
3,967
River/Pumping
523,620
Shallow Tube Well
233,669
Subtotal
1,389,304
WITHOUT Investment in Water Harvesting Infrastructure
Wet-climate Region
1,768,491
Dry-climate Region
841,655
Subtotal
2,610,146
TOTAL
3,999,450

Paddy

Potential Increase in Production (Ton)
Maize
Soybean

3,407,474
44,221
19,090
2,285,116
1,078,128
6,834,028

1,239,559
-9,059
-3,562
41,259
12,096
1,280,293

405,508
-1,997
-866
19,909
6,059
428,611

6,484,404
3,352,524
9,836,928
16,670,955

1,744,474
654,000
2,398,474
3,678,767

371,348
178,554
549,902
978,513

Source: Sulaiman et al. [31]; MoA [11–13]

and dry land field for paddy, maize, and soybean. The table
uses the information in Table 3 with an addition to associated
dry land. The potential of remaining rain-fed and dry land
without water harvesting infrastructure was estimated if there
is an improvement in cultivation technique (gogo rancah and
walik jerami) and usage of superior rain-fed crops varieties.
Further, Table 5 indicates that in aggregate, development
of nearly 4 million ha of rain-fed and dried-associated
land, with and without investment on water harvesting
infrastructure, generated additional production of around
16.7 million tons of dried grain per hectare, 3.7 million tons
of dried shelled corn, and 0.98 million tons of soybeans. In
terms of rice, investment in water infrastructure contributed
around 41% to the total gain, while the remaining 59%
was generated from the rain-fed land whose potencies for
irrigation infrastructure services are not yet being identified.

Another potential benefit from water accumulating
infrastructures is through the practice of freshwater fish
farming. In addition, well-designed water accumulating
infrastructure such as farm ponds and dams can provide
an artistic landmark and tourist attraction in the location,
which generates other potencies of additional income for
farm households.

7. Conclusion
Rain-fed farming is a potential solution to address the
challenge of ensuring national food self-sufficiency in the face
of decreasing irrigated agricultural land areas due to massive
conversion to industrial use and housing. An integrated intervention involving technology breakthrough and innovation
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in cultivation technique has been observed to be the key to
its optimal utilization. The technology used in constructing
a water management system and generating superior crops
variety is able to withstand the low level of water condition.
The cultivation techniques suggested for rain-fed farming are
gogo rancah, walik jerami, super jarwo, and ratoon paddy. The
suggested cropping pattern is paddy-paddy-maize or paddypaddy-soybean.
These interventions, which have been applied to the
existing rain-fed fields in Indonesia, which covers only 0.57
million ha or 14% of total rain-fed fields and associated dry
land, have been proven to be quite valuable. The fields are
observed to have a return of investment up to Rp. 20,198,679
million or at least Rp. 19,517,318 million. In addition, the
development of rain-fed and associated dry land farming
would also boost the food production capacity in Indonesia.
An intervention on 4 million ha of rain-fed land is estimated
to increase annual rice production by 16.7 million tons. The
production of maize and soybean is also expected to increase
by 3.7 million tons and 0.98 million tons per year, respectively.
This study provided a strategy to optimize the production
of rain-fed fields with additional evidence of its significant
economic value. The perspective used in this study solely
focuses on production and economic gain without considering the benefit felt by rain-fed smallholder farmers. A similar
study with farmers as its focus will contribute further to the
rain-fed farming development in Indonesia. Moreover, the
capacity of Indonesian institutions toward rain-fed farming
could also be an interesting topic of future study, which will
enhance deeper understanding of rain-fed development in
the country.
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