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The Nganjuk District experiences a tropical monsoon regime characterized by annual rainy and dry seasons, and

the area receives approximately 80% of annual precipitation within the 5 to 6 months of the rainy season. The district

has three planting seasons, the wet season (November-February), first dry season (March-June), and second dry

season (July-October). A main factor of agricultural production sustainability is managing for climatic variability.

The main cause of variability is the El Niño Southern Oscillation, with El Niño years having below-average rainfall

and La Niña years having above-average rainfall. Water shortages in the dry season are a problem, especially in El

Niño years, whereas flooding occurs in La Niña years. We analyzed trends in agricultural production and the impact

of El Niño and La Niña events in a tropical monsoon region by performing a case study of Nganjuk District in eastern

Java Island. Groundwater use for conjunctive irrigation in the dry season increased agricultural production by about

0.5 crops yr
−1
. In El Niño years, groundwater was required for irrigation in the dry season, whereas in La Niña years

surface water was almost sufficient or exceeded the demand for irrigation water in the dry season. The harvest index

of rice was relatively stable, with a small increasing tendency from 1982 to 2010 (1.22 to 1.82 crops yr
−1
), and was

not influenced by El Niño or La Niña events. Secondary crop production fluctuated, and the failed-harvest index

increased in La Niña years. Agricultural production was more secure when farmers applied conjunctive irrigation.

Because secondary crops are vulnerable to waterlogging under excess water conditions, early warning of a La Niña

year is important so farmers can adopt a farming strategy that will avoid harvest failure in the dry season.
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───────────────────────

Introduction

Grain production in the dry season is important for

regional sustainable development in Indonesia. The

main production area for grain in Indonesia is Java,

where 53% of the country’s total paddy rice and 55%

of the maize are produced (BPS, 2009). The popula-

tion growth rate was higher than increasing rate of

harvested area, but still lower than increasing rate of

agricultural production. However, trend of total agri-

cultural area in Java was decreasing in the last decade.

From a long-term environmental and population per-

spective, agriculture in Java must be managed to

achieve sustainable food security in Indonesia. To-

Journal of Developments in Sustainable Agriculture 7: 65-74 ( 2012)

Received: November 28, 2011, Accepted: January 20, 2012

*Corresponding author: Liyantono, Faculty of Agricultural Technology, Bogor Agricultural University, Kampus IPB Darmaga, Bogor 16680,

Indonesia.

Tel/Fax: ＋62-251-8623-026, E-mail: Liyantono@ipb.ac.id or L_tono@yahoo.com



ward that aim, improvements in land use and water

management are needed.

The Brantas River basin is one of the most produc-

tive and advanced granaries in Indonesia (Usman,

2001). Nearly 84,000 ha of the 387,100 ha being farm-

ed in the Brantas River basin are irrigated using the

river, and the rest of the area is irrigated from its tri-

butaries (Ramu, 2004). In recent years, however, there

has been a dramatic transformation from low-intensity

to high-intensity agriculture within the basin. Cropp-

ing intensity increased from around 0.8 crop yr
−1

in

1960 to 2.2 crops yr
−1

by 2000, while the area culti-

vated increased from 247,000 ha to the current 387,100

ha due to improvements in rice varieties, increased

agricultural inputs, and establishment of a reliable

water supply in the dry season (Bhat et al., 2005).

Nganjuk District lies in the Brantas River basin at

Widas tributary basin. The district experiences a trop-

ical monsoon climatic regime characterized by annual

rainy and dry seasons, and the area receives roughly

80% of annual precipitation within the 5 to 6 months of

the rainy season (December-May). The topography is

flat in central and eastern Nganjuk, with elevations

ranging from 35 to 100m above sea level, and moun-

tainous areas are located in the southern and northern

parts of the district. In the Nganjuk area, there are

three planting seasons: the wet season (WS, November-

February), first dry season (DS1, March-June), and

second dry season (DS2, July-October). Paddy fields

are cultivated in WS and DS1, and secondary crops

(maize, soybeans, peanuts, mungbeans, and red onion)

are cultivated in DS1 and DS2.

A main factor of agricultural production sustaina-

bility in Nganjuk District is managing for climatic var-

iability. The main cause of variability is the El Niño

Southern Oscillation (ENSO), with El Niño years hav-

ing below-average rainfall and La Niña year having

above-average rainfall. Under normal conditions, water

shortages in the dry season are a problem in Nganjuk

District; these shortages are worse in El Niño years and

do not occur in La Niña years.

El Niño events were reported to have an impact on

health (Franke et al., 2002) and agricultural, fishery,

and forestry production (Begeron and Sedjo, 1999;

Yokoyama, 2002; Nezlin et al., 2005). Although La

Niña events are related to hurricane severity in the

southern and eastern United States (Pielke and Land-

sea, 1999), La Niña events are often beneficial for

monsoon regions. El Niño events have been assoc-

iated with drought and harvest failure in Indonesia,

whereas La Niña events bring sufficient water for good

harvests in the dry season.

It is important to identify the impacts of El Niño and

La Niña events on agricultural production at a specific

location in the tropical monsoon zone, such as Indo-

nesia, in order to mitigate harvest failure in the future.

The objective of this study was to assess trends in

agricultural production in Nganjuk District, in the east-

ern part of Java Island, and to identify the impacts of

ENSO (El Niño and La Niña) years on agricultural

production in this tropical monsoon region.

Materials and Methods

Study Area

There are four main sub-basins in Nganjuk District:

Widas, Kuncir, Bodor, and Warujayeng-Kertosono.

The Widas River flows through the Widas sub-basin.

The Kuncir River and Bodor River flows through the

Kuncir and Bodor sub-basins, respectively, and these

two rivers merge to form the Kedungsoko River. The

Klinter River feeds the Warujayeng-Kertosono sub-

basin, where there is a flat basin in which land use is

dominated by agriculture fields (Fig. 1). The lowland

area of Nganjuk District is an alluvial plain formed by

the Widas and Brantas Rivers. Based on a hydrogeol-

ogy map (Puspowardoyo, 1984), the area has a good

aquifer with moderate to high productivity and a high

specific capacity (＞172.8m
2
d
−1
).

The lowland irrigation area in Nganjuk District is

divided into four irrigation blocks: Widas, Mrican-

Kiri, Kuncir-Bodor, and Ketandan-Tretes (Fig. 1).

There are two main surface irrigation systems in the

Widas and Mrican-Kiri blocks and two local surface

irrigation systems in the Kuncir-Bodor and Ketandan-

Tretes blocks. The characteristics of the blocks differ

with regard to water supply system and geomorph-

ology. The Widas block lies in the Widas sub-basin

and is supplied water from the Bening Reservoir and

small rivers within the block. The Mrican-Kiri block

is supplied water from the Mrican barrage on the

Brantas River and lies in the Warujayeng-Kertosono

and Bodor sub-basins. The Kuncir-Bodor block is sup-

plied water from small rivers from Willis Mountain,

has no reservoir, and lies in the Kuncir and Bodor sub-

basins. The Ketandan-Tretes block is supplied water

from small rivers from the Kendeng Mountains, has

small reservoirs, and lies in the Widas sub-basin. All

irrigation systems in Nganjuk District are conjunction
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irrigation of surface water and groundwater and reuse

drainage water from the upstream area.

Trends in Agricultural Land Use

The trends in agricultural land use were analyzed

using time series statistical data from 1972 to 2010.

The yearly cropping indexes (CI) of rice, maize, soy-

beans, peanuts, mungbeans, and red onion were cal-

culated for each lowland irrigation block. Statistical

data were in subdistrict units and were obtained from

the local branch of Statistics Indonesia (BPS Nganjuk,

1973-2011). The classification of each subdistrict in

an irrigation block was based on weighted agricultural

area of the subdistrict in the irrigation block (Table 1).

CI was calculated as follows:

CIi=∑
6

j1∑
n

k1

CAijk

∑
n

k1Aik

(1)

where CIi is yearly cropping index in irrigation block i,

CAijk is total cultivated crop j in subdistrict k in irri-

gation block i per year, Aik is agricultural area in sub-

district k in irrigation block i, and n is total number of

subdidstrict in irrigation block i.
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Fig. 1. Map of the study area showing the sub-basins and irrigation blocks.



Irrigation Data and Farming System Analysis

Irrigation systems were investigated based on statis-

tical data from 1972 to 2010. Irrigation intake was ob-

tained from surface irrigation data for 2009. The cur-

rent irrigation systems were analyzed using average

surface irrigation intake data from the four blocks in

Nganjuk District and irrigation well density in DS2 in

September 2009. Data were obtained from the local

government (Irrigation Services of Nganjuk District,

2008; Irrigation Services of Nganjuk District, 2009;

BPS Nganjuk, 1973-2011). Each farming system was

classified as lowland, upland, and mixed of lowland-

upland farming system based on field investigations

and interviews.

Harvest Indexes and ENSO Year Analysis

Statistical data regarding areas of successful or fail-

ed harvests were collected from the local branch of

Statistics Indonesia in a time series from 1982 to 2010

for each subdistrict (BPS Nganjuk, 1973-2011). Yearly

harvest index (HI) and failed-harvest index (FHI) for

each lowland irrigation block were calculated from:

HIi=∑
6

j1∑
n

k1

HAijk

∑
n

k1Aik

(2)

and

FHIi=∑
6

j1∑
n

k1

FHAijk

∑
n

k1Aik

, (3)

where HIi is yearly harvest index in irrigation block i,

HAijk is total harvested crop j in subdistrict k in irri-

gation block i per year, FHIi is yearly failed-harvest

index in irrigation block i, and FHAijk is total failed-

harvest crop j in subdistrict k in irrigation block i per

year.

El Niño and La Niña events in the dry season (DS1

and DS2) were identified based on Southern Oscilla-

tion Index (SOI) data of the U.S. National Oceanic and

Atmospheric Administration (NOAA, 2011). Flood and

drought events in irrigation blocks were identified based

on statistical data obtained from the local branch of

Statistics Indonesia (BPS Nganjuk, 1973-2011).

The relationships among cropping index, harvest

index, and failed-harvest index and El Niño/La Niña

years (SOI) were analyzed using regression analysis

and the P value considered to be significant by Micro-

soft Excel 2007.

Results

Trends in Agricultural Land Use

Agricultural land use was analyzed from 1972 to

2010 using the yearly cropping index (CI). The culti-

vated areas of rice, maize, soybeans, peanuts, mung-

beans, and red onion were classified for the four irriga-

tion blocks. During this period, total CI increased in

all lowland irrigation blocks, with the rate of increase

of the Widas block being the highest (0.039 crop yr
−1
)

and that of the Kuncir-Bodor block the lowest (0.020

crop yr
−1
) (Fig. 2). The average rates of increase of

CI were 0.020 and 0.010 crop yr
−1
for rice and second-

ary crops, respectively. The CI of rice from the 1980s

was higher than total CI of secondary crops (maize,

soybeans, peanuts, mungbeans, and red onion) in all

blocks. However, in some years the CI of all second-

ary crops was slightly higher than the CI of rice in the

Widas (1986-1998, 1996, and 1997) and Kuncir-Bodor

(1982-1985) blocks. Data for 1972-1976 were availa-

ble only for the Widas block (rice and secondary crops)

and all blocks (secondary crops). During this period,

the CI of rice and CI of all secondary crops were both

about 1 crop yr
−1

(Fig. 2). In all blocks, the CI of rice

showed a steady increase until 2010. However, the CI

of all secondary crops was stable in the Mrican-Kiri

and Kuncir-Bodor blocks and tended to increase in the
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Irrigation blocks

Bagor, Gondang, Nganjuk, Rejoso, Sukomoro, WilanganWidas

Subdistricts

Gondang, Jatikalen, Lengkong, PatianrowoKetandan-Tretes

Table 1. Classification of subdistricts in irrigation blocks

Bagor, Berbek, Gondang, Loceret, Nganjuk, Pace, Sukomoro,

Tanjunanom

Kuncir-Bodor

9,889.3

Agricultural area (ha)

4,131.0

14,607.5Baron, Gondang, Jatikalen, Kertosono, Ngronggot, Pace,

Patianrowo, Prambon, Sukomoro, Tanjunganom

Mrican-Kiri

10,150.9



Widas and Ketandan-Tretes blocks.

The actual CI was higher than the total CI for all

blocks illustrated in Fig. 2, by about 0.10-0.15 crop

yr
−1
, due to the availability of data for the sugar cane

crop in all irrigation blocks. The statistical data for the

1980s, 1990s, and 2003 show that sugar cane was cul-

tivated on about 4000-6000 ha yr
−1
in all blocks. The

CI analysis in this study did not include the sugar cane

crop because data were not available for the individual

blocks.

Agricultural production of rice tended to increase

from 1972 to 2010 in all lowland irrigation blocks,

with the rate of increase varying from 0.017 to 0.021

crop yr
−1

(Fig. 3). The increase was caused by an in-

crease in the cultivated area of rice in DS1 in all irri-

gation blocks. Production of maize tended to increase

or was stable because yield was moderate to high, and

the rate of increase of CI varied from 0.011 to 0.018

crop yr
−1
in the Mrican-Kiri, Kuncir-Bodor, and Ketandan-

Tretes blocks (Fig. 3). The increase in the cultivated

area of rice in DS1 caused the cultivated area of maize

to decrease in DS1 and increase in DS2. In contrast,

the CI of soybean tended to decrease because the price

and yield of soybean were low. Soybean was culti-

vated in DS1 and DS2. The CI of red onion remained

stable throughout the 1970s and 1980s and then tended

to increase in the Widas and Kuncir-Bodor blocks,

with the Widas block having the highest rate of in-

crease of CI (0.015 crop yr
−1
). The cultivated area in-

creased because the price and yield of red onion was

high. Red onion was cultivated in the early WS, mid-

dle DS1, and DS2.

Irrigation and Farming Systems

In all irrigation blocks, most irrigation systems used

only surface water before 1990. The Mrican barrage

was constructed in 1972, and the Bening Reservoir was

built in 1981. Small irrigation systems were also de-

veloped in the Kuncir-Bodor and Ketandan-Tretes

blocks before 1990. The Indonesian government also
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Fig. 2. Land-use trends as illustrated by cropping index (CI) in all irrigation blocks and in the Widas,

Mrican-Kiri, Kuncir-Bodor, and Ketandan-Tretes blocks, where rice was cultivated in WS and DS1 and

secondary crops were cultivated in DS1 and DS2.



introduced conjunctive surface water and groundwater

irrigation in the 1970s and 1980s through a ground-

water development project (P2AT) (Prastowo et al.

2007; Stiebel and Suradji 1985; Sudaryanto 1983).

Total P2AT and collective wells accounted for 155

wells in 1989 and 77 wells in 2009.

Conjunctive use of surface water and groundwater

for irrigation was mostly applied after the 1990. Con-

junctive groundwater use by farmers increased rapidly

after the 1990. Farmers extracted groundwater using

pumps if the surface water was insufficient in DS1 and

DS2. The number of irrigation wells increased rapidly

after 1990, with the irrigation well density increasing

from 0.010 wells ha
−1
in 1989 to 0.405 wells ha

−1
in

2009 (Table 2).

During the last decade (2001-2010), conjunctive use

was intensively applied in all irrigation blocks. De-

spite this, the Ketandan-Tretes block still experienced

severe water shortages in DS2 due to the small number

of irrigation wells (Table 3). Although surface water

was sufficient in the Mrican-Kiri block in DS2, the

Widas block had insufficient surface water and the

Kuncir-Bodor and Ketandan-Tretes blocks did not

have surface water toward the end of DS2 (Table 3).

The lowland irrigation blocks are flooded in WS and

experience drought in DS2, which has influenced the

cultivation system and the selection of suitable crops

grown in the area. There are three kinds of cultivation

systems. The paddy field system (inundation) is used

in WS and DS1 in areas with sufficient surface water.

After the rice harvest, paddy fields are converted to an

upland system in DS1 or DS2 to cultivate secondary

crops. In the surjan system, a series of raised beds are

constructed in the paddy field (Fig. 4). The width of

the lower parts varies from 40 to 200 cm depending on

the purpose. Widths of around 40-60 cm are used to

drain excess water in WS and to irrigate the secondary

crop cultivated in the upper part in DS1 and DS2.
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Fig. 3. Land-use trends as illustrated by cropping index (CI) of rice, maize, soybeans, and red onion in

all irrigation blocks. Rice was cultivated in WS and DS1, maize and soybeans in DS1 and DS2, and red

onion in early WS, DS1, and DS2.

Year

238

292

409

15,892

*Data for 2003

0.006

0.007

0.010

0.405

NIW

1976

1985

1989

2009

IWD

(wells ha−1)

Table 2. Number of irrigation wells (NIW) and irri-

gation well density (IWD) in the four irrigation blocks

0.011

0.083

0.099

0.128

Pump density

(pumps ha−1)

438

3242

3896

5033*

Pumps



Widths of about 60-200 cm allow for a multiple crop-

ping system, with the lower part serving as a paddy

field and the upper part used to cultivate a secondary

crop.

Harvest Index and ENSO Years

Agricultural production was quantified using the

harvest index (HI) and failed-harvest index (FHI) of

rice and secondary crops. In 1989 the total HI for all

blocks was 2.21 crops yr
−1
(Fig. 5). Between 2001 and

2010 the value showed a stable increase, with an

average total HI of 2.81 crops yr
−1
. The HI of rice was

higher than that of secondary crops. In the 1990s and

2000s the HI of rice tended to increase every year,

whereas the HI of secondary crops fluctuated, although

secondary crops showed a long-term increasing trend

over the study period. The HI of rice in the Mrican-

Kiri, and Kuncir-Bodor blocks was higher than the

total HI of rice. The HI of secondary crops in the

Widas and Kuncir-Bodor blocks was higher than the

total HI of secondary crops (Fig. 5), and farmers in the

Widas and Kuncir-Bodor blocks intensively used ground-

water to supplement surface water irrigation.

Table 4 shows the classification of ENSO events

from 1972 to 2010 according to SOI data (NOAA,

2011) from early DS2 to early WS (July-December).

The occurrence of flooding and drought was identified

from statistical data related to harvest failure events.

Flooding was not related to ENSO events, but mostly

occurred in WS. Drought was related to strong El Niño

events in 1982 and 1987.

The FHI of rice in the 1980s was higher than the

FHI in later decades (Fig. 6). Rice harvest failure was

mostly caused by flooding in the late WS, when plants

were in the ripening and harvest phase. In the 1980s,

secondary crop harvest failure was related to the mag-

nitude of El Niño events (drought) in DS1 and DS2. In

that decade, the R
2
values of linear regression of second-
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0.0

Irrigation blocks

6348（64%）Widas

Cultivated area

（ha）

3486（84%）Ketandan-Tretes

Table 3. Cultivated area, surface water supply, number of irrigation wells (NIW),

and irrigation well density (IWD) in DS2 (September 2009) in each irrigation block

9351（92%）Kuncir-Bodor

1.1 5594 0.38

Surface water

supply（mm）
NIW

IWD

（wells ha−1）

0.09355

0.2120594.713,635（93%）Mrican-Kiri

0.7878840.3

Fig. 4. Cross section of planting areas in the surjan farming system.



ary crop FHI and SOI were 0.994 and 0.772 in El Niño

and La Niña years, respectively. The magnitude of El

Niño was positively correlated with secondary crop

FHI, where the regression coefficients is significantly

different from zero at the confident level 0.05 (P value

＝0.016). The magnitude of La Niña events showed a

negative correlation, and the regression coefficients is

not significant. However, harvest failure of secondary

crops after the 1980s showed a positive correlation (R
2

＝0.78) with the magnitude of La Niña events. It sug-

gested that harvest failure was caused by inundation of

crops in areas with poor drainage in DS1 and DS2,

although the regression coefficients is not significant

(P value＝0.117). El Niño events did not influence

FHI after the 1980s.

In the 1980s, El Niño events promoted the failure of

rice and secondary crops (Table 4, Fig. 6). Drought

increased harvest failure because the conjunctive use

of groundwater was not yet widely applied in DS1 and

DS2. After the 1980s, however, El Niño events no

longer influenced harvest failure of secondary crops

because conjunctive irrigation was widely applied by

farmers. La Niña events increased the harvest failure

of secondary crops because most farming in the dry

season used the upland system, and secondary crops in

areas with poor drainage were inundated with runoff

water. Flooding also affected rice harvest failure in the

WS until recently. Rice harvest failure in the down-
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Fig. 5. Harvest index (HI) in all irrigation blocks from 1972 to 2010.

Year

Strong El Niño

Strong La Niña

Weak La Niña

Strong La Niña

Weak El Niño

Weak El Niño

Strong El Niño

Weak La Niña

Weak La Niña

Weak El Niño

Strong El Niño

Strong La Niña

Moderate El Niño

Weak El Niño

Strong El Niño

Moderate La Niña

Moderate La Niña

Weak La Niña

Moderate El Niño

Weak El Niño

Weak El Niño

Weak La Niña

Moderate El Niño

Moderate La Niña

Episode

1972

1973

1974

1975

1976

1977

1982

1983

1984

1986

1987

1988

1991

1994

1997

1998

1999

2000

2002

2004

2006

2007

2009

2010

Table 4. El Niño/La Niña and flood/drought events

in Nganjuk District from 1972 to 2010

No data

No data

No data

No data

No data

No data

Flood and drought

─

Flood

Flood

Flood and drought

─

─

Flood

Flood

─

Flood in DS1

─

─

─

─

─

Flood

Flood in DS1and DS2

Remark



stream irrigation blocks (Mrican-Kiri and Ketandan-

Tretes) was higher than in the upstream blocks (Widas

and Kuncir-Bodor).

Discussion

Irrigation projects in the Nganjuk District in the

1970s and 1980s increased CI to 2.21 crops yr
−1

by

1989. The increasing CI helped to raise farmers’ in-

come and quality of life. During this period, the Indo-

nesian government also introduced deep-well irrigation

using motorized water pumps. Some farmers also

applied shallow-well irrigation manually using bucket

and dug wells in the middle of their fields. As farm-

ers’ income increased in the 1990s and 2000s, they

developed and applied conjunctive groundwater use by

employing motorized water pumps on shallow wells to

irrigate maize, soybeans, mungbeans, and peanuts.

Farmers developed deep-well irrigation systems for red

onion, a crop with a relatively high economic value.

Conjunctive irrigation successfully increased agricul-

tural production in the dry season by about 0.5 crops

yr
−1
. In El Niño years, groundwater was used to sup-

ply irrigation water from the end of DS1 through DS2.

Groundwater could supply sufficient water for irriga-

tion in the dry season, as indicated by no harvest

failure occurring in the district in El Niño years.

Rice production was relatively stable during the

study period, with a small increase from 1.22 to 1.82

crops yr
−1

between 1982 and 2010, and it was not

influenced by ENSO events. In La Niña years, surface

water was almost sufficient or exceeded the need for

irrigation water in DS1 and DS2. Little groundwater

was used in this situation, and in La Niña of 2010 the

groundwater level decreased at only 50% the ground-

water level of that decreased in a normal year. Second-

ary crop production fluctuated during the study period.

The CI of secondary crops decreased by 0.009 crop

yr
−1

in the La Niña of 2007, despite there being suf-

ficient water resources, the CI increased by 0.161 crop

yr
−1

in the La Niña of 2010. However, the area ex-

periencing harvest failure grew when the magnitude of

La Niña increased, because secondary crops are vul-

nerable to waterlogging. Thus, if farmers in the dis-

trict could be provided with clear information regard-

ing ENSO for the coming year, it would help them to

choose the best secondary crop to cultivate during the

dry season.

Conclusion

The development of irrigation systems in Nganjuk
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Fig. 6. Failed-harvest index (FHI) and the relationship to El Niño and La Niña events in all irrigation

blocks from 1972 to 2010.



District increased agricultural production and farmers’

income, thus motivating the farmers to achieve further

gains by using groundwater resources. Conjunctive

groundwater use increased the CI by about 0.5 crops

yr
−1
and provided sufficient water for successful har-

vests in the dry season and El Niño years. Thus, agri-

cultural production was more secure when farmers ap-

plied conjunctive irrigation.

Our analyses indicate that El Niño did not influence

agricultural production in Nganjuk District, whereas

La Niña did have an influence, depending on the mag-

nitude of the event. After the 1980s, the area experi-

encing harvest failure grew when the magnitude of La

Niña increased, although the opposite was seen in the

1980s. Because secondary crops are vulnerable to wa-

terlogging, providing farmers with an early warning of

a La Niña year would allow them to choose the best

crop and farming system in order to avoid harvest

failure in the dry season.
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