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Abstract. Iron (Fe) poisoning can cause problems on growth, the formation of saplings, and the
filling of grains. These problems lead to and plant death or decrease in productivity. The inhibition of
growth and production is increasingly higher in susceptible varieties. The distribution of iron
concentration varies in different regions and locations of swamp rice farming. Various adverse effects
of iron poisoning on rice have been widely reported, but the spatial distribution of iron in tidal fields
is still rare. Iron distribution in various soil profile depths has not been widely investigated and data
availability to avoid Fe poisoning in tidal swamps has not been widely reported. Spatial distribution
of Fe concentrations is needed as a reference for rice cultivation in tidal swamps. This study has been
conducted in November 2015 until August 2017 using the survey method in the Barito River area,
South Kalimantan, Indonesia. The use of thematic maps such as tidal height difference (A), tidal flood
type, and thickness of mud map. The results showed that the spatial concentration of Fe is highest in
the zone I which has the highest difference (A) of high tide maximum and low tide maximum. While
on the soil profile, the highest of Fe concentration is in layer 1 and the lowest concentration is in layer
3. Based on the overflow type, the highest Fe concentration is typed A and type B especially close to
the estuary. To prevent iron poisoning, rice seedlings should reach layer 2 (> 10 cm) and choose the
safe zone that is zone II, IIL, or IV to produce optimal rice production.

1 Introduction along flow paths. The value of redox potential, dissolved
oxygen, and dissolved organic carbon content was

The yield of rice in tidal swamps is relatively low less evaluated to describe Fe (III)/Fe (II) transformation in
than 2.5 tons per hectare with annual cropping intensity. the groundwater and relate this to iron distribution within
It is primarily due to physicochemical factors, such as the freshwater lens [8].
iron poisoning. The pyrite layer (FeS,) from a depth of Various adverse effects of iron poisoning on rice
30-60 cm exposed to soil surface that oxidized and have been widely reported including the distribution of
causing this problem. In the dry season, the pyrite layer Fe, but the spatial distribution of iron in tidal fields is
was oxidized [1]. In general, iron poisoning can reduce still rare. Iron distribution in various depths in soil
rice yields until 50%, especially in susceptible varieties profiles in tidal areas has also not been studied that
[2,3,4]. The high solubility of iron is usually followed by efforts to avoid Fe toxicity in tidal swamps have not
the high solubility of aluminum (Al) and manganese been widely reported. Thus, it is necessary to research to
(Mn) to toxic levels for rice [5]. In the Dadahup district know the concentration of Fe and its spatial distribution
of Kuala Kapuas, Central Kalimantan, the iron (Fe) and distribution on the soil layer as the direction for rice
distributed with the total concentration of Fe are 122-255 cultivation in the tidal swamp.
mg kg™ in Typic Sulfaquent and 54-89 mg kg™ in Histic
Sulfaquent [6]. 2 Material and Methods

The study of Fe distribution was also conducted in
Nigeria but was limited to discuss the only Fe* at the 2.1 Sampling sites

different geomorphological zones in the Niger Delta
region of Nigeria. This study characterized the
. . . 24 .

d1str1but1tc3n andhoccf:vurrenge of Fe 1;]1 tlhe .grour}dwaﬁer August 2017 in the Barito River area of 650 km?”, South
sources from the five (5) geomorphologic units that Kalimantan, at the ordinates of 114°45°932"-

made up the nger Delta [7]. Slmllal‘ reSGaI‘Ch was 1140269682’3 E and 025092,529’ _ 03205332]’9 S The
conducted by Somaratne in Australia that provided '

insight to control the occurrence of iron in groundwater
which, is essential for public water supply source. The
study added stable isotopes to the freshwater lens, to
show the degree of evaporative enrichment and possible
local recharge areas. Major ion chemistry of
groundwater was analyzed to show groundwater mixing

The study was conducted from November 2015 to

location was extending from the sea estuary up to 60 km
upstream and extending inward about 10 km along the
primary channel. A detailed sampling site where the soil
sampled could be seen in Fig. 1.
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Figure 1. Sampling site where the soil was sampled
along the Barito river area, South Kalimantan. Marked
representing a total of 44 sampling points.

2.2 The procedures of the study

This study was conducted by a direct survey of two types
of tidal swamp areas, following Widjaja-Adhi [9]
criteria. First, based on the difference between high and
low tide (A). This form has differentiated into four
zones, namely zone I (> 120 cm), zone II (120-100 cm),
zone III (100-80 cm), and zone IV (<80 cm). To
determine each of these zones, we take measurement
directly on tidal water in each primary channel for 24
hours. Second, following the type of tidal flood. This
type consists of four forms as well, namely, type A, B,
C, and D. Type A characterized by submerged water
during high and low tides. Type B indicated by
submerged water during the high tide only. Type C
marked by non-submerged water at high and low tides
and its water table depth <50 cm. Type D is shown by
non-submerge water at high and low tides and its water
table depth > 50 cm.

The information above was arranged as a reference
to determine the location of observation. Survey and
analysis were conducted by taking soil samples in each
land unit with a total sampling of 44 points (Figure 1)
that distributed along the primary channel as
representative of each zone. In each sampling point, the
soil was sampled at 3 different levels, namely layer 1 (0 -
10 cm), layer 2 (10-20 cm), and layer 3 (20 - 30 cm).

The total concentrations of Fe were analyzed in the
laboratory and then classified as low (0-100 mg kg-1)
relatively safe for plants, moderate (100-300 mg kg-1)
which can lead to bronzing in early-stage, high (300-500
mg kg'') which can poisoning the rice, and very high (>
500 mg kg-1) [10,11]. The concentration of Fe-available
soil was set up using the extract of Ammonium Acetate
at pH 4.8.

The data was then displayed using a bar chart to see
the Fe concentrations at a different layer, as well as the
distribution of Fe that corresponds to the different height
of maximum high tide and maximum low tide, plotted as

the tidal map. Similarly, it has also done for the tidal
flood type A, B, C, and D.

3. Results and Discussion

3.1 Fe Distribution among Soil Layer

The Fe concentration at the layer 0-10 cm, 10-20 cm and
20-30 cm of 44 sampling points from the estuary up to
60 km upstream are shown in Figure 2 and Figure 3: To
facilitate presentation and discussion the data are divided
into two groups: 0 - 30 km and 30 - 60 km from the sea
estuary.
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Figure 2. The Fe-available concentration of 3 soil layers
located downstream of Barito River, South Kalimantan,

Indonesia (0-30 km from sea estuary).
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Figure 3. The Fe-available concentration at 3 layers
located upstream of Barito River, South Kalimantan,
Indonesia (30-60 km from sea estuary).

Based on Figures 2 and 3, the Fe concentration at
layer 1 is generally higher than both layers 2 and 3. In
the upstream area of layer 1, the average of Fe
concentration is 199.7 mg kg-1, whereas in layers 2 and
3 are 114.1 and 103.4 mg kg-1, respectively. The same
pattern also is shown in the downstream area, where the
Fe concentration of layer 1 (449.1 mg kg-1) is higher
than layers 2 and 3, with 391.9 and layer 3 is 387.7 mg
kg-1, respectively. This pattern indicates the
accumulation of Fe in downstream comes from upstream
due to the water brought back at high tide and settles at
low tide at the lower reaches of the Barito River area.
This also causes why the Fe concentration in samples
48A, 52B, 55A, 57A, and 59A at the downstream area is
very high.

In this study, the Fe concentration is in the range of
<330 mg kg' for layer 1 (40.4 - 1221.1 mg kg").
Whereas in layer 2 is about 34.8 - 1100 mg kg™ which is
mostly <250 mg kg-' and the last layer is mostly <150
mg kg™

The decrease in Fe concentration as the increases
in depth is related to the chelate of Fe by organic matter
through the process of humification. Organic acids
suppress Fe’' activity with the formation of organo-
metal compounds [12]. Similarly, Revsbech [13] points
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out that the highest Fe ** concentrations are at a depth of
2-15 cm, then decrease in the lower layers containing
less organic matter [13].

The distribution of Fe concentration on soil profile
tends to decrease with depth. It suggested that rice
planting in tidal land is safe by using large seeds size so
that the stems and roots can reach a deeper layer of more
than 10 cm. Large seedlings are generally 2 months old
such as local varieties that can be planted in layer 2.

3.2 The effect of the highest difference of tide
(®)

One factor affecting the Fe distribution in tidal
swamplands is water that carrying mud mixed with Fe
particles and other elements that eventually settle to form
alluvial soils. Horizontally the tide moves from the
estuary to upstream are described in Figures 4, 5, and 6.
The difference between both the maximum high and low
tide is getting smaller toward upstream. It affects the
distribution of Fe concentrations at each site. The results
showed that Fe concentrations were higher at > 120 cm
(zone I), whereas in A 100-120 cm (zone II) and A80 -

[Legend

Fe Layer|
@ low

100 cm (zone III) Fe, and A < 80 cm (zone IV) Fe o e
concentrations were moderate to low, respectively. —— @ e

secondary channel

In layer 1, the Fe distribution with the highest o ——
concentration is mostly located in a zone I (A >120 cm). T o B 5
It is strongly suspected due to pyrite (FeS,) which A \ P
oxidized to produces Fe'', SO, and H' during the dry
season (Dent, 1986). In the upstream zone (zone IV),

carrying water at high tide then deposited in the Figure 4. Distribution of Fe-available due to the
downstream area (zone I) at low tide, which causes the influence of high difference (A) ups and downs in layer

Fe concentration to becomes high. The difference 1(0-10 cm) in the rice-farming area of Barito River.
between both maximum high and low tides causes fast-

moving water currents to carry sediment containing Fe.
This lead to an increase in total suspended deposits [14].

In layers 2 and 3, Fe concentrations generally
decreased, except for some sampling points, such as
points 48A and 55A, show the high and very high
concentration. It is allegedly due to the various
sedimentation processes each year. Deposited of mud on
the rice field is always there is the addition of mud on
the layers whose quality and quantity varies greatly. It is
due to drainage, which has changed the water surface
layer. Thus, it is possible to reconstruct the origin and
transformation of the soil in the alluvial-swamp [15].

In zone II of layer 1, the Fe concentrations ranged
from medium (200-300 mg kg™') to low (0-100 mg kg™),
while in layers 2 and 3 were generally low. Especially in
layer 3 with concentrations <100 mg kg™ to 22.2 mg kg’
' There was less soil sampling in zones III and IV due to
the field conditions, and based on the map is relatively
less varied. The concentration of Fe ranges from low to
medium, 278.7 mg kg™ to 77.6 mg kg™ in those zones.

Based on the spatial distribution of Fe
concentration, the safest zone for rice planting is in
zones I and III because the Fe concentration is low on

all layers. In zone I with a very high concentration of Fe . Figure S. The diSFTibUtiOH of Fe-available due to the
(especially in layer 1), rice cultivation should use influence thl_gh d1ff§rence (4) ups and dOWPS 1n'1ayer
resistant varieties to Fe toxicity like Inpara 1 (Indonesian 2(10-20 cm) in the rlc.e-farmmg area ofBarlto River,
superior) or local varieties. South Kalimantan, Indonesia.
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Figure 6. The distribution of Fe-available in layer 3 due
to the influence of high difference (A) ups and downs in
layer 3 (20-30 cm) in the rice-farming area of Barito
River, South Kalimantan, Indonesia.

3.3 The effect of different flood types on Fe
distribution

Based on the hydro-topography of the tidal land
distinguished by the flood types A, B, C, and D (Figures
7, 8, and 9). The highest Fe concentrations are present in
type A and part of type B. In type A, tidal flooded the
area in high and low tides, whereas, in type B, the area
flooded at high tide only [9]. Fluctuations in water flow
into the rice field land caused the height of Fe
concentration from water to settle in the area.

Following Figures 7, 8, and 9 are also shown
anomalies in several places such as in sample points 53
A and 53 B with concentrations of Fe in layer 3 higher
than layer 2. In layer 1 at sample point 53 A, the
concentration of Fe is 792 mg kg™, then decrease in layer
2 of 440.7 mg kg, but the increase in layer 3 reached
646.4 mg kg'. While at point 53 B, in layer 1 the
concentration of Fe 1221 mg kg™, then decrease in layer
2t0 353.1 mg kg, then rose again to 437.9 mg kg

The difference in pattern is suspected due to the
highest tide factor and the lowest tide with the strong
current. Increased water flow rates and water discharge
may cause Fe to remain suspended [16]. Thus affecting
the total suspension of sediments and ultimately
affecting the sedimentation process at a particular
location and time, thereby causing the distribution of
iron to be transported at different locations and layers of
different patterns [17].
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Figure 7. Distribution of Fe concentrations in layer 1 in
various types of tidal swamp floods in the Barito River
region
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Figure 8. Distribution of Fe concentrations at layer 2 in
various types of tidal swamp floods in the Barito River
region
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Figure 9. Distribution of Fe concentrations in layer 3 in
various types of tidal swamp floods in the Barito River
region

4. Conclusion

The highest of Fe concentration is in layer 1 of 400-1200
mg kg, then decreases with increasing in depth until it
reached layer 3 with Fe concentration is generally low
(<100 mg kg-1). The maximum height difference
between maximum high tide and maximum low tide is
directly proportional to the high concentration of with
the highest concentration of Fe occurred in zone 1. Based
on the effect of land hydro-topography, the highest Fe
concentration is mainly located in the downstream areas
of both type A and type B, near the estuary sea.
Prevention of iron poisoning in rice may use a large size
of the seeds therefor root range can reach layer 2 (10-20
cm), IIL, or IV. In the zone, I, the planting of seedlings
should be done more than 10 cm in depth or using
varieties resistant to iron poisoning.

The author would like to thank the Agency for Agricultural
Research and Development. Ministry Agriculture of the
Indonesia Republic who helped finance this research.
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