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materials that are mostly river

sediment or alluvium, so the origi i
N . ginal SiO
availability is generally low (Aflizar et al., 2019). Rice is a typical Si?
accumulator plant that takes up Si from

: . soil solution through an
active mechanism (Ma ot al,, 2001, 2007). 8

According to Wu et al. (2009), the solubility of i is influenced by pH

and iron (Fe). Soil physical properties (texture, cla i
sand) and soil chemical Proj dae Syl el

' perties (pH, total carbon (TC), total nitrogen
(TN), calcium (Ca), magnesium, potassium (K) and sodium (Na)) are
US.Ed for sustainable land management in agriculture (Hartemink, 1998).
Wang et al. (2009) reported that the distribution patterns of TN, total
!)hosphoms (TP) and other nutrients significantly change with changes
in land use, and distribution maps can be used to develop sustainable
agriculture and improve the environment, Aflizar et al. (2018) reported
that the distribution of trace metal cadmium on a watershed is influ-
enced by soil properties including pH, texture, TC, erosion and topo-
graphic factors.

The Indonesian government does not believe and does not
acknowledge that silica (Si) deficiency has occurred in paddy soils in the
country (Husnain et al., 2018; Darmawan et al., 2006). However, we
hypothesise that there is an Si deficiency in the soil, especially in the
Sumani watershed (SW). Thus, the conditions of rice fields in Indonesia
should be evaluated. Soil erosion is considered only as a carrier of
adverse effects on the environment because it causes soil degradation
and disasters for the environment and agriculture (Aflizar et al., 2010).
We hypothesise that soil erosion also has a good effect on the environ-

ment because it carries nutrient-rich soil sediments and precipitates
them in lowland rice fields.

Many farmers and agricultural practitioners in Indonesia assume that
soil §i is not necessary for paddy sawah, so they believe that adding Si in
artificial fertiliser is not necessary (Husnain et al., 2018; Darmawan
et al., 2006). Moreover, the soil can sufficiently provide natural Si. We
hypothesise that Si in the soil is no longer sufficient for paddy sawah and
that Si is contributed from irrigation water, river water (Somura et al.,
2006) and sediments, which is then naturally distributed to the sawah.

ol River

4. Material
+, Movement
".: Lowland

SW=Sumani

2
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However, the content of Si is no longer sufficient; therefore, Si should be
added in the form of fertiliser to the sawah soil. :

The present study aimed to determine the factors inﬂuenang 'the
distribution of available i in the SW, where volcanic ash and Si fertiliser
of irrigation water can be natural sources. We hypothesise that the l.DH’
TC, TN, base cation (Ca, K, Na) and trace metal Fe are factors controlling
Si availability in sawah soil. Accordingly, we conducted a study on 'the
distribution of available Si in relation to land-use types and soil-erosion
status in the SW, a main rice-production area in West Suma'fra,
Indonesia. We have already previously observed that severe erosion
oceurred in the highlands of the watershed because of the land-use
change from forest to agricultural field. Accordingly, we expected that
these factors may influence available-Si distribution in the watershed.
Soil erosion is generally regarded as a type of soil degradation. However,
it may contribute to nutrient replenishment in sawah, especially in the
lowlands, through the deposition of fine soil particles eroded from the
highlands, as we discuss in this study.

2. Material and methods
2.1. Study area and soil sampling

This research was conducted in the SW in the Solok regency of West
Sumatra  (latitude 00° 36’ 08" to 10°44'08"S, longitude
100° 24 11” to 101° 15/ 48” E). SW has an active volcano, Mount
Talang (2500 m asl). Further information about the study area and
sample locations are shown in Figs. 1 and 2. On the east side of Mount
Talang, we found a lake from which water flows through the lowlands
and into lake Singkarak located at an altitude of 300 m asl. All the water
of rivers and tributaries that flow into the SW also drain into lake
Singkarak. According to data of climatological stations from 1996 to
2000. The SW has a humid tropical climate. The rainfall rate hovers at
around 1669 and 3230 mm between altitudes of 300 and 2500 m.
Annual temperatures range from 19 °C ta 30 °C varying from highlands

to lowlands. The average annual humidity also varies from 78.1% to
89.4% (Farida et al., 2005).

$1: Sumani-sw
"0- $3: Gawan-sw
"¢
‘:‘::' §5: Imang-sw
i} S2: Lembang-sw
St
‘.}.\hstt-:Aripan-sw
sw: Subwatershed

neing the distribution of available 8f in the W, (a) Natural source of 8i by voleanic ash, irrigation water and top soil. (b) Translocation
erosion, (¢) Defleiency of 8] in sawah soil. (d) Rich available 8i in lowland. (e) Available §i in sawah soil controlled by pH, TC, ete.
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Table 1
Available SiO. .
2 (mg/kg) and erosion-factor analyses in sampling sites i
Location Sub F pling sites in the Sumani watershed.
Wwatershed i SPS reading Eroslon Mg/  Si0; (0-20) mg SiOy status in
Jawi-jawi 1 Sumani East South R K Is—. R ha/yr 8i0,/kg soil
Jawijawi 2 8 i 681,000 9,398,04
; umani SRk ,898,946 2452 0.1 0064 001 04 5 204.64 d
Jawi-jawi 3 Sumani Savh 681,007 9,898,924 2452 0.1 0064 001 04 5 559,71 1
Gantung ciri 1 Sumani Sawah ct;o,a-m 9899016 2452 0.1 0064 001 04 10 138.86 d
Gantung ciri 2 Sumani Sawah 679,766 9,900,725 2452 03 0001 001 04 Ol 256.86 d
Guntung ciri 3 S i 679,906 9,000,722 2452 03 0001 001 04 01 308.79 1
Kelok Duri Sumani i 679,994 9,900,676 2452 03 0001 00l 04 5 27193 d
i 1 Sumani sﬂwuh 682,301 9,909,213 2452 01 0064 001 04 2 207.86 d
Sawah sudut 1 i wah 682,677 9,909,496 2452 0.1 0064 001 04 25 127.07 a
Stwoh suduta i Sawah 682,689 9,000,403 2452 0.1 0064 001 04 2 201.64 d
S big 1 ; Sawah 682,753 9,009,451 2452 01 0064 001 04 2 20079 d
Sawen-citghl 2 ss“manumni Sawah 682,988 9,911,605 2452 03 0001 001 04 15 145.5 d
Gawan-sungai 8 : Sayeah 683,201 9,011,613 2452 03 0001 001 04 10 148.29 d
Batu Banyak 1 L:nmnim Sawah 683,150 9,911,560 2452 03 0001 001 04 15 250,71 d
Buldk sileh 2 Ler w oh 690,240 9,894,285 1665 0 0611 001 04 5 157.07 d
e w:b 8 Sawah 690,168 9,894,089 1665 O 0611 001 04 5 168 d
Bukik Sileh 4 Lemb‘“‘s Sawah 690,190 9,894,077 1665 O 0611 001 04 5 331.07 1
Rot Lawoa 1 Lmhms Sawah 690,146 9,894,586 1665 O 0611 001 04 75 230.14 d
RekoTawoa g = ang Sawah 690,485 9,898,085 2452 O 1.744 001 04 0.2 148.07 d
Row Lawax = bostg Sawah 690,385 0,806,220 2452 O 1744 001 04 02 308.14 1
0 el u:&m Sawah 690,391 9,998,224 2452 0 1744 001 04 10 241.71 d
ot g e g Sawah 689,859 9,899,180 2452 01 0064 001 04 15 203.57 d
e Lembm Sawah 687,948 9,902,605 2452 05 0064 001 04 5 124.29 d
mbang Sawah 687,963 9,902,709 2452 05 0068 001 04 5 192.64 d
| Sawah Durian 3 Lembang Sawah 686,040 9,902,988 2452 03 0064 001 04 5 165.21 d
Pandan Putih 1 Aripan Sawah 684,981 9,909,986 2452 0.3 0064 001 04 5 339.86 1
Pandan Putih 2 Aripan Sawah 684,868 9,910,153 2452 03 0064 001 04 5 249,64 d
Rawang sarl Aripan Sawah 684,560 9,910,205 2452 03 0064 001 04 5 427.07 1
Pandan ujung 1 Aripan Sawah 685806 9,912,702 2452 0.1 0001 001 04 5 89.36 d
Pandan ujung 2 Aripan Sawah 685,820 9,912,612 2452 01 0001 001 04 5 164.79 d
Pandan ujung 3 Aripan Sawah 685,664 9,912,492 2452 0.1 0001 001 04 5 192 d
Pandan ujung 6 Aripan Sawal 685,437 9,912,538 2452 ©01 0001 001 04 § 184.71 d
Parambahan 1 Aripan Sawah 690,900 9,902,399 2452 03 0611 001 04 18 306.43 1
Parambahan 2 Lembang Sawah 690,786 9,902,411 2452 03 0611 001 04 18 280.5 d
Parambahan 3 Lembang Sawah 690,734 9,902,391 2452 03 0064 001 04 02 227.14 d
Sungai janih Lembang Sawah 686,383 9,096,550 2452 0. 0064 001 04 15 113.36 d
Gunung Talang Lembang Sawah 686,155 9,990,931 2452 01 0064 00l 04 10 162.64 d
Batu Bajanjang Lembang Sawah 686,201 9,896,830 2452 01 0064 001 04 10 120.86 d
Air angek 1 Lembang Sawah 684,168 9,898,356 2452 03 0064 001 04 5 500,57 1
Anau Kadok 2 Lembang Sawah 684,089 9,898,413 2452 03 0064 001 04 5 139.5 d
Anau Kadok 3 Lembang Sawah 684,138 9,096,260 2452 03 0064 001 04 10 243.21 d
Pasar usang Lembang Sawah 684,550 9,903,100 2452 03 0064 001 04 5 374.57 1
Panyalalan Cupak  Lembang Sawah 664,404 9,903,287 2452 03 0064 001 04 02 364.71 1
Kubu Gawan Mixed 679,336 9,910,716 2452 03 2512 02 05 640 534,86 1
Garden
Parak gadang Gawan Mixed 680,767 9,911,154 2452 03 0064 02 05 45 445,29 1
Garden
Gunung Talang Sumani Mixed 661,796 9,002,683 2452 01 0064 02 05 30 476,79 1
Garden
Gantung Ciri Sumani Mixed 679,878 9,003,305 2452 02 0064 02 05 5 211.71 d
Garden
Curang gadang Sumani Sawah 677,000 9,002,000 2452 01 2512 001 04 115 262.29 d
sasak
Kayu aro Sumani Tea 680,022 9,890,308 1665 0.1 0.064 0 1 20 326,79 1
Pasar usang guguk  Lembang Mixed 682,500 9,898,000 2452 6.1 0064 02 05 45 679.07 h
Garden
Sawah 683,508 9,905,010 2452 02 0064 001 04 3 508,07 h
Bush 681,302 9,014,208 2452 02 0001 095 04 1 543 h
Mixed 679,878 9,903,305 2452 02 0064 02 05 5 955.71 h
Garden
Bush 680,390 6,895,606 1665 0.1 0064 020 1 15 447.86 1
Tea 680,586 9,890,624 1665 0.1 0.064 0 1 15 217.93 d
Bush 685164 9,886,435 1665 0.2 0064 029 1 85 260.79 d
Mixed 693,126 9,883,658 1665 01 1744 02 05 5 382,71 1
Garden
Mixed 691,000 9,887,152 1665 01 2512 02 05 30 497,79 1
Garden
Sawah 688,006 9,894,277 1665 O 2138 001 04 5 500.14 1
Sawah 687,977 9,902,100 2452 02 0001 001 04 5 245,79 d
Bush 684,848 9,912,166 2452 03 2138 095 04 1 616,29 h
Mixed 681,722 9,895,558 1665 01 2138 02 05 85 576.64 1
Garden
Mixed 682,165 9,094,832 1665 01 2138 02 05 65 857,14 h
Garden
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