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ABSTRACT

Terraced paddy field is not only important for rural food security,
but also for trapping sediment in the slopping land. The aims
of this research were to quantify the amount of incoming and
outgoing sediments and to study sediment movement behavior
during harrowing and fertilizing under traditional irrigation of
terraced paddy field system. This study was carried out at Keji
Village, Semarang District, Central Java during two cropping
seasons, a wet season 2003/04 and a dry season 2004. A paddy
field with eight terraces was selected. The terraces were flat,
different in size and descending to the river. Sediment samples
were taken at harrowing and fertilizing activities. The results
indicated that at harrowing, outgoing sediment was higher than
incoming both during the wet and the dry seasons. About 0.53
and 0.27 t ha'! day"' of soil were eroded during harrowing in the
wet and the dry seasons, respectively. However, a week before
and after fertilizing, both in the wet and the dry seasons, the
amounts of incoming sediment were higher than the outgoing
one. In the wet season, the amounts of incoming sediments were
three to four times higher than the outgoing one, both a week
before and after fertilizing. During the wet season, about 0.31
and 0.34 t ha'! day"' of sediment was yielded a week before and
after fertilizing, respectively. During the dry season, the in-
coming sediments were ten times higher than the outgoing one.
On an average the sediment yields were about 0.07 and 0.08 t
ha' day'a week before and after fertilizing, respectively.
Terraces having greater areas deposited more sediment than
those with smaller sizes. During a week before and after first
fertilizing, the total amounts of incoming sediments were 6.44
and 1.19 t ha' for the wet and dry seasons, while that of
outgoing sediments were 1.89 and 0.14 t ha! for the wet and dry
seasons, respectively. This indicates that terraced paddy fields
are not only producing rice, but also providing environmental
service in term of sediment trapping. This external service
minimizes sedimentation in the downstream.

[Keywords: Sedimentation, harrowing, fertilising, terraced paddy
field, sediment trapping]

INTRODUCTION

In Indonesia, paddy fields are not only producing
rice, but also a source of employment and income for

most villagers. Recently, Agus ef al. (2006) suggested
that terraced paddy fields also have environmental
functions such as sedimentation reduction. Increasing
land demand for housing, industrial areas, roads, and
other infrastructures in Indonesia resulted in shrinking
of paddy field areas to cultivate rice and at the same
time, the environmental services that they provide
also decrease.

It is estimated that about 15-20% of Indonesian
paddy fields are on slopping areas. Improving land
management of terraced paddy fields does not only
contribute to food security and increase farmers’
income, but also creates a better environment.

Transplanting is the most common planting system
in paddy field during which soft and muddy soil
structure is desirable. The dispersed soil structure is
casily flowing with water during this period. However,
during most time of growing season, the soil particles
are settled and water flowing from the terraced paddy
field is not loaded with soil particles.

Water is usually added starting from land prepara-
tion to generative phase and is stopped when rice is
entering ripening stage. About 45-50% of diverted
fresh water is allocated to irrigate rice (Bouman and
Tuong 2001; Cabangon et al. 2002; Kukal and Sidhu
2004). More than half of the water input to produce
rice is allocated to land preparation. The water required
for land preparation is about 150-200 mm, but it can
increase up to 650-900 mm (De Datta 1981; Bhuiyan et
al. 1994). In terraced paddy field systems, during
harrowing the water input is about 95-112 mm
(Sukristiyonubowo et al. 2003, 2004).

Erosion including from sloping land has been iden-
tified as a serious environmental problem requiring
expanded research (Lal ef al. 1998; Agus and Sukris-
tiyonubowo 2002; Duque et al. 2002; Phommassack
et al. 2002; Sojka et al. 1992; Toan et al. 2002; Agus et
al. 2003; Sukristiyonubowo ef al. 2003). The terrace
and dyke architecture of paddy fields on sloping
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areas potentially trap most of sediments. Therefore, it
is interesting to study incoming and outgoing sedi-
ments in the wetland rice farming systems. Tarigan
and Sinukaban (2001) reported that besides land
preparation, important activities such as weeding and
fertilizing should also be taken into account to
determine in and out flowing sediments from terraced
paddy field.

The land preparation, usually called puddling,
generally consists of land soaking, ploughing, and
harrowing. The intensity of puddling varies among
farmers and villages. In traditional rice growing areas,
like in Keji Village, Semarang District, Central Java,
two ploughings and one harrowing under submerged
condition are carried out. Ploughing is usually done
by hoe and harrowing by using animal drawn harrow.
Puddling breaks down and dispersed soil aggregates
into micro-aggregates and individual particles result-
ing in soft muddy conditions before transplanting
takes place. The aims of puddling are to reduce the
loss of water and nutrients through excessive percola-
tion, to control weeds, to soften the soil, to create
land levelling, to uniform water depth, and to facilitate
transplanting. The effect of puddling on soil physical
and chemical properties as well as on rice yield has
been studied and reported, although the effect of
puddling on rice yield is still unclear (Adachi 1990;
Cabangon and Tuong 2000; Kirchhof et al. 2000;
Kukal and Aggarwal 2003; Kukal and Sidhu 2004;
Sharma et al. 2005). During harrowing, the main inlet
and main outlet (outlet of the last terrace) are opened
causing removal of soil particles and nutrients from
the paddy field. During the rice growing period,
water is allowed to go in and out through inlet and
outlet systems. This also allows transporting of
sediments and nutrients.

The objectives of this research were to quantify
incoming and outgoing sediments and to study
sediment movement at harrowing and fertilizing in a
terraced paddy field under traditional irrigation
system. It was hypothesized that terraced paddy
fields function as sediment trap, and thus reducing
the net sediment outflow to the downstream.

MATERIALS AND METHODS

The experiment was conducted at a terraced paddy
field located in the valley bottom of the Babon meso
catchment in Keji Village, Ungaran Subdistrict,
Semarang District, Central Java. Eight terraces were
selected for this study. The terraces were flat, different
in size, and descending to the river (Fig. 1). The total
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area is about 904 m?. Outlets with a V-notch weir were
placed on each successive terrace arranged alternately
on the left, centre and right descending to the river
(Fig. 2).

Land use in the immediate upper slope of this ex-
periment site was rambutan (Nephelium lappaceum)
and clove (Eugenia aromatica) plantations. During
the experiment, encroachments of cassava farming
were taking place in the floor of rambutan plantation
causing about 20% of rambutan floor relatively free
from understory vegetation. This caused a greater
exposure of the rambutan floor to through fall and
canopy drops. This exposed area may have been the
major source of sediment load of the experimental
paddy field inlet.

Water velocity, water discharge, and sediment con-
centration in irrigation water and runoff water were

Fig. 1. General view of terraced paddy field systems in
Keji Village, Semarang District, Central Java (T1-T8 indicate
the studied terraces).
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Fig. 2. Scheme of placing 90° V-notch in every terrace of
paddy field systems in Keji Village, Semarang District,
Central Java.
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measured for the wet season (WS) 2003/04 and the
dry season (DS) 2004 during harrowing and fertilizing
activities (Tarigan and Sinukaban 2001; Sukristiyo-
nubowo et al. 2003, 2004). The ploughing, harrowing,
irrigation, drainage, and fertilizing were fully based on
farmers’ practices. The only intervention was placing
a 90° V-notch weir at every terrace’s outlet to accurately
measure water discharge and to facilitate sampling of
sediment runoff.

Land Preparation

In the WS 2003/04, harrowing was carried out on 27
December 2003 and in the DS 2004 on 8 May 2004
using a harrow drawn by two heads of buffaloes. The
works started one day after the second ploughing,
from 07:00 to 14:30 beginning at the top terrace. In
the first ploughing, the surface soils for planting
areas as well as the dykes were cleaned from the
weed. Rice stubbles were ploughed under during
ploughing. The second ploughing was mainly done
for breaking down soil clods. Harrowing was done
under submerged condition to break soil clods into
smaller aggregates and then into muddy structure,
create land levelling and finally to facilitate trans-
planting. The two-time ploughing and one harrowing
significantly puddles the soils, but this does not
happen during fertilizing.

Sampling at Land Preparation

Irrigation water and suspended sediments were sam-
pled at every terrace starting from the main inlet to the
main outlet. Samples were collected every 30 minutes
starting when the first runoff sediment passed the V-
notch of the first terrace’s outlet and ending when
the color of outgoing water was almost the same as
the color of incoming water passing the inlet. This
was done continually and simultaneously from the
second to the last terrace, where the sediment runoff
entered to the river. At each sampling time, two 600-ml
plastic bottles were filled with the sediment laden
runoff water.

Sampling at Fertilizing

During rice growing period, fertilizers have been ap-
plied two times, at 21 and 35 days after transplanting.
Urea of 50 kg ha' season’ and 33% of previous
season rice straw production was applied. One day

before fertilizing, the water was drained from the field
by closing the main inlet and opening the main outlet.
Two days after fertilizing, both the main inlet and
main outlet were opened for a week. Afterwards, the
main outlet was closed to increase the water level to
about 5-7 cm of each terrace. Then incoming water
was stopped by closing the main inlet.

Monitoring of sediment at fertilizing time was
conducted during a week before and a week after
fertilizing and done only during first fertilizing. Irriga-
tion and runoff water of each terrace were sampled
three times a day at 08:00, 12:00, and 16:00 o’clock for
six days. These interval times coincided with the
daily water level monitoring of canals and main river
for hydrological purposes. Water samples were also
collected in two 600-ml plastic bottles.

Measurement of Discharge

To estimate the amounts of incoming and outgoing
sediments in each terrace, water discharge has to be
known. At harrowing, water discharges of the main
inlet and outlet of each terrace were measured every
30 minutes and at fertilizing three times daily at 08:00,
12:00, and 16:00 o’clock after sampling both irrigation
water and runoff sediment.

For measuring the discharge of the main inlet,
floating method with stopwatch was used. According
to WMO (1994), measurement of discharge by the
floating method is applied when the use of a current
meter is impossible because of unsuitable water
velocity or canal depths, presence of material in
suspension, and when discharge measurement must
be made in a very short time. In this experiment, the
cross section of the canal was 150 cm wide x 60 cm
deep. Discharge was calculated as follows (Sukris-
tiyonubowo 2007, 2008):

LxWxH

Notes:

Q = discharge (m*second™)

L = length or distance (m) of the float travelling
during time

W = canal width (m)
H = water level (m)
t = time (second)

L .
as © 1S VEIOCItY (V) i (2)
W x H is the cross section of the canal (a)............ 3)
Q =V XA i 4)
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Discharges into other terraces including main outlet
were determined by the bucket method. Eight buckets
of 11-liter capacity were used. The volume of each
bucket was calibrated before being used. In the bucket
method, the time required by the runoff to reach 11-
liter volumes was recorded. Every measurement was
replicated three times. The discharge rate was calcu-
lated by dividing the volume of water in the bucket
with the time to reach the volume.

Determining Sediment Yield

Net sediment yield was calculated as the differences
between sediment inputs and outputs. When the dif-
ference between incoming and outgoing sediments is
positive (+) it means the sediment is deposited, how-
ever, when the difference is negative (-), it means the
sediment is transported to the lower terraces. Sedi-
ment concentration is determined in the laboratory,
according to Ceisiolka and Rose (1998) as follow:

Sediment oven dry mass sediment
concentration (s) = .. (5)
volume of sediment + water

Total incoming or outgoing water or
VOlume (A) = Q X oo (6)

Where Q is discharge (m?® second™) and t is time
(second)

From the equations 5 and 6, suspended load or soil
loss is calculated.
Suspended load or soil loss (S) =A XS .ccoeveennne. 7N

Notes:

S =soil loss (kg)

A =volume (m?)

s = sediment concentration (g 17")

RESULTS AND DISCUSSION

Incoming and Outgoing Sediments at Land
Preparation

Data of incoming and outgoing sediments indicated
that at land preparation, especially at harrowing, the
incoming sediment was lower than the outgoing one
both during the wet and dry seasons. It means that
during these activities, sediments from the paddy
field were carried by runoff to the river. The travelling
distance from one terrace to another combined with
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the water discharge greatly affected the amount of
soil loss. About 0.53 and 0.27 t ha'! day! of soils
were eroded during harrowing in the WS 2003/04 and
DS 2004, respectively (Fig. 3).

The result also suggests that the total soil loss in
WS 2003/04 was two times higher than that of DS 2004.
High rainfall that occurred in the middle of harrowing
caused splash erosion, both at planting areas and
dykes, resulting in more soil dispersion and a higher
amount of eroded soil in the runoff water.

Interestingly, every terrace showed a different be-
havior in transporting and redeposition of sediments
(Fig. 4 and 5). Other scientists provided confirmation
that the amount of sediments and nutrient movements
from agricultural fields are influenced by climate, soil,
topography, catchment size, land use, and manage-
ment practices (Lal et al. 1998; Agus et al. 2003).

The first terrace (T1) and the last terrace (T8) are
most susceptible to soil loss both in wet and dry
seasons. However, in the WS 2003/04, T4 presented
the high soil loss. This may be explained by (1) the
harrowing was started at T1; (2) during harrowing, the
water discharges of the main inlet and outlet of T1
were the highest causing more sediment runoff; (3)
for T1 the total incoming sediment was smaller than
outgoing; and (4) for T8 the incoming runoff sediment
from T7 was re-dispersed during harrowing and directly
went to the river along with the sediment of T8.

In case of terrace 4, the high soil loss during the
WS 2003/04 may be explained by the intensity and
duration of high rain events (about 54.0 and 59.6 mm
in about 20 minutes, respectively) taking place during
harrowing. These events caused splash erosion to
bare lands both at planting areas and dyke thus
causing more eroded soil in the runoff sediment. In

Sediment
(kg ha' day™)
1500
1200 4 M Incoming sediment
Outgoing sediment
900
600
300
0 T
-300 -
-600
-900

WS 2003/04 DS 2004

Season

Fig. 3. Incoming and outgoing sediments in a terraced
paddy field under traditional irrigation systems at harrowing,
Keji Village, Semarang Distric, Central Java, wet season
(WS) 2003/04 and dry season (DS) 2004.
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Fig. 4. Incoming and outgoing sediments in each terrace of
paddy field system at harrowing, Keji Village, Semarang
Distric, Central Java, wet season DS 2003/04 and dry
season DS 2004.

Deposited
sediment
(kg ha' day")
400
300
200
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WS 2003/04
-500 72Ds 2004
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Fig. 5. Deposited (+) and transported (-) sediments in
every terrace of paddy field system at harrowing, Keji
Village, Semarang Distric, Central Java, wet season (WS)
2003/04 and the dry season (DS) 2004.

addition, the high rainfall also increased the discharge
of T4, from 0.49 to 2.93 liters second™!' and sediment
concentration from 190 to 495 mg liter!, respectively.
For T1, T2 and T3, the impact was minimal because
the sediment was already settled and pounding water
had reached about 4 cm layer; thick enough to pro-
tect the puddled soil from rain drop impact.

Incoming and Outgoing Sediments During
Fertilizing

Different from the measurement at harrowing, fer-
tilizing was carried out without any significant
disturbance to the soil. The rainfall, fertilizer appli-

cation, and activities done upstream dominantly
influenced the amount of incoming and outgoing
sediments. During the monitoring period, precipitation
was very high (152 mm), resulting in increased water
velocity, discharge, erosions (splash, farm road and
dyke erosions), and sediment movement. Hence, in
WS 2003/04, incoming sediment was higher than
outgoing one both during a week before and after fer-
tilizing. On average, incoming sediments were three to
four times higher than the outgoing. About 0.31 and
0.34 t ha! day' sediments were deposited on the
terraced paddy field from the incoming sediment loads
0f 0.41 and 0.51 t ha'! day! (Fig. 6 and 7).

Sediment transport is closely related to the rainfall
intensity. When the rain occurred upstream, the in-
coming sediment load (measured at the main inlet)
also increased. When the rain happened on the site,
the outgoing sediment load (measured at the main
outlet) increased, but when the rain fell both upstream
and on the site, both the incoming and outgoing
sediment loads increased. The relationship between
rainfall and sediment transport may be expressed as Y
=26.548 +0.059 X+ 0.011 X?* (r*= 0.962), where X is
rainfall in mm and Y is outgoing sediment in kg ha-!
day'.

A similar deposition pattern was shown in the DS
2004 both during a week before and after fertilizing.
The amounts of incoming sediments were ten times
higher than outgoing. On average, the sediment
amounts deposited were about 0.07 and 0.08 t ha’!
day’!, from the average incoming sediment loads of
0.08 and 0.09 t ha' day' (Fig. 8 and 9).

The sediment movement behavior in every terrace,
during a week before and after fertilizing, showed

Sediment Rainfall
(kg ha“' day-") (mm)
1500 » 0
1200 - Il Incoming sediment - 20

2 Outgoing sediment

900 | * Rainfall - 40

600 - 60

300 4 - 80

0+ ~ 100
-300 - - 120
-600 140

15/01/04 16/01/04 17/01/04 18/01/04 19/01/04

Date of monitoring

Fig. 6. Incoming and outgoing sediments in the terraced
paddy field system during a week before first fertilizing,
Keji Village, Semarang Distric, Central Java, wet season
2003/04.
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Sediment Rainfall
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Date of monitoring

Fig. 7. Incoming and outgoing sediments in the terraced
paddy field system during a week after the first fertilizing,
Keji Village, Semarang Distric, Central Java, wet season
2003/04.
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I Incoming sediment
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Date of monitoring

Fig. 8. Incoming and outgoing sediments in the terraced
paddy field system during a week before the first fertilizing,
Keji Village, Semarang Distric, Central Java, dry season
2004.
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Fig. 9. Incoming and outgoing sediments in the terraced
paddy field system during a week after the first fertilizing,
Keji Village, Semarang Distric, Central Java, dry season
2004.
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great differences in sediment deposition compared to
at the harrowing. Terraces with greater sizes had less
impact from rainfall resulting in less sediment trans-
ported and more sediment deposited (Fig. 10 and 11).

Compared to the WS 2003/04, in the DS 2004 the re-
deposited sediment in each terrace was completely
different both during a week before and after fertiliz-
ing. During the DS 2004, sediments were transported
and trapped proportionally in every terrace. Runoff
sediment was not observed, yielding in positive
balance of sediment in every terrace (Fig. 10).

From the results a week before and after fertilizing,
we conclude that a terraced paddy field system
reduced the negative impact of erosion by trapping

Deposited
sediment
(kg ha' day™")

300

240 - M Before fertilizing
After fertilizing

180 %
%
120 1 é

-120
T T2 T3 T4 T5 T6 T7 T8

Terrace

Fig. 10. Average deposited (+) and transported (-) sediments
from each terrace of paddy field system measured during
a week before and after the first fertilizing, Keji Village,
Semarang Distric, Central Java, wet season 2003/04.

Deposited
sediment
(kg ha' day™")

30

Il Before fertilizing
2 After fertilizing

Terrace

Fig. 11. Average deposited (+) sediments into each terrace
of paddy field system during a week before and after the
first fertilizing, Keji Village, Semarang Distric, Central Java,
dry season 2004.
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sediments. The sediment transported and trapped to
every terrace indicated the way terracing system
minimized the downstream effect. The amounts of
sediments moved and deposited in each terrace depend
on rainfall, size and position of terraces, travelling
distance, and activities carried out upstream. The
total sediments deposited during a week before and
after fertilizing were 4.5 and 1.1 t ha! for the WS 2003/
04 and DS 2004, respectively.

CONCLUSION

Harrowing of terraced rice field both in the WS 2003/
04 and DS 2004 increased sediment transport. On the
contrary, during a week before and after fertilizing,
sediments were deposited in every terrace. In the wet
season, the amounts of mean incoming sediments
were three to four times higher than the outgoing both
during a week before and after fertilizing. Meanwhile,
during the dry season the incoming sediments were
ten times higher than the outgoing. On average, the
sediments deposited were 0.07-0.08 t ha™! day! from
the incoming sediment loads of 0.08-0.09 t ha'! day!
measured during a week before and after fertilizing.
Every terrace presented different behaviors in
transporting and trapping the sediments. The larger
the terraces the more sediments are deposited. The
longer the distance from the outlet, the less sediment
transported. Thus, terraced paddy fields are effective
in reducing sediment outflow to downstream areas.
As the erosion mostly occurs during harrowing and
tillage, we recommend that water input be reduced
during these operations to reduce the amount of
sediments transported to the downstream.
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