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Abstract 

Silicon (Si) is an important element for rice plant, and its availability in soil is an importatfactor affecting sustainable rice 

production. Herein, the distribution of available Si and itscorrelation with land-use type and soil-erosion status were 

investigated and discussed using theuniversal soil loss equation (USLE) in the Sumani watershed (SW). This watershed is the 

main  rice-production area in Sumatra, Indonesia. Results showed that the available Si levels in sawahsoil were less than 300 

mg SiO2 kg-1 on average. Sawah means a leveled and bounded rice fieldwith an inlet and an outlet for irrigation and 

drainage, respectively. Available Si content in river sediments was also studied and determined to be higher than those in 

sawah or other land-usetypes. This finding may indicate that available Si or soil rich in Si was redistributed through 

soilerosion. Soil-erosion rate was negatively correlated with the concentration of available Si in soils.Land-use types with 

smaller values of crop factor in USLE calculation and soil with lower pHshowed relatively lower available Si in the soils. 

Overall, our findings indicated that soil erosion and land-use types affected the distribution of available Si in the watershed. 

 

Keywords: Spatial analysis, land-use type, soil-erosion map, sawah, watershed, physicochemical properties 

soil solution through an active mechanism (Ma et al. 2001; Ma et al.2007).According to Wu et al. (2009) that the 

solubility of Si is influenced by pH and Fe. 

mailto:aflizar_melafu@yahoo.com


 

For the sustainable land management of agriculture required soil indicators in the form of soil physical properties 

(texture or clay percetage, silt and sand) and soil chemical properties (pH, TC, TN, Ca, Mg, K and Na) (Hartemink. 1998) 

.Wang et al. (2009) reported that the distribution patterns of TN, TP and other nutrients significantly changed due to 

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 (Cd) on a watershed scale was influenced by soil 

properties namely pH, texture, TC, erosion and topographic factors. 

 

The Indonesian government does not believe and does not acknowledge that silica (Si) deficiency has occurred in 

paddy soils in Indonesia (Husnain et al. 2018; Darmawan et al. 2006) whereas we hypothesize that now there is a silica 

deficiency in the soil, especially in the Sumani watershed which could be overview for the condition of rice fields in 

Indonesia.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 hypothesize that soil erosion also has 

a good effect on the environment because it carries nutrient-rich soil sediments and precipitates them in lowland rice fields. 

Many farmers and agricultural practitioners in Indonesia assume that soil Si is not necessary for paddy sawah, so it 

is not important that Si is given in the form of artificial fertilizer(Husnain et al. 2018; Darmawan et al. 2006). Moreover, the 

soil is sufficient to provide naturally silica, we hypothesize that silica in the soil is no longer sufficient for paddy sawah at the 

moment but there is a large contribution of silica (Si) from irrigation water, river water (Somura et al. 2016) and sediments 

which add to sawah naturally to cover the lack of Si from the Soil. But now it is not enough anymore and need to be 

recommended to add silica (Si) in the form of fertilizer to the sawah soil. 

 

The present study aimed to determine the factors influencing the distribution of available Siin SW where volcanic ash and Si 

fertilizer of irrigation water can be natural sources. Our hypothesis,In sawahsoil, pH and total carbon (TC),total nitrogen 

(TN), base cation (Ca, K, Na) and trace metal iron (Fe)can be the factors controlling Si availability. Accordingly, weconducted 

a study on the distribution of available Si in relation to land- 
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Answer to 

-Reviewer 1 



Pertanyaan No. 1 

 

1. Table 2 averages the soil properties of the eight different land types in the basin, what is the significance? 

What problem do you want to explain? The experiment of exchangeable K, exchangeable Ca, exchangeable Na 

and other elements appears in Table 2, but it does not explain these research contents in the introduction, which  

Before 

Table 2. General soil physicochemical properties in the Sumani watershed  
 

 Mean (Range) SD ra 

Sand (%) 9.0 (0.4-58.0) 11 0.08 
Very fine sand (%) 2.0 (0.4-9.0) 2 0.01 

Silt (%) 55.0 (0.0-85.0) 20 0.02 

Clay (%) 33.0 (9.0-95.0) 20 -0.05 

Organic matter (g kg-1) 54.0 (21.0-111.0) 24 0.01 

Soil permeability (cm h-1) 93.0 (0.0-1506.0) 286 0.01 

Soil erodibility (K) 0.22 (0.0-0.5) 0.1 0.17* 

Bulk density (g cm-3) 0.9 (0.5-1.3) 0.2 0.01 

Soil pH H2O 1:2.5 5.5 (4.2-7.2) 0.5 0.32** 

Total Carbon (g kg-1) 34.6 (7.2-151.4) 27.6 0.01 

Total Nitrogen (g kg-1) 3 (0.4-9) 0.17 0.01 

Exchangeable Ca (cmolc(+) kg-1) 10.6 (0.023-29.7) 6.1 0.45** 

Exchangeable K (cmolc(+) kg-1) 0.4 (0.1-1.9) 0.4 0.38** 

Exchangeable Na (cmolc(+) kg-1) 0.9 (0.002-3.7) 0.7 -0.28** 

Extractable Fe (mg kg-1) 204.2 (0.02-1500.6) 289 -0.17* 

Available Si 0-20 cm (mg SiO2 kg-1) 300.0 (89.4-1115.4) 177  
 

Tables 1 and 2 show general soil physicochemical properties in the SW. The soil had 

high silt and clay contents and organic matter content of about 5%. Soil pe rmeability and  erodibility 
were high. According to Wischmeier and Smith (1978), soils with K-factor > 0.04 are generally susceptible to soil 
erosion. Soil susceptibility to erosion is highly influenced by different climatic, physical, hydrological, chemical, 
mineralogical, and biological properties (Veihe 2002). Total nitrogen and available Si are low, whereas TC, 
extractable Fe and Zn are high. Exchangeable base cations (Ca, Mg, K, and Na) were relatively high. Soil 
physicochemical properties had some correlation with available Si in the SW (Table 2).  

 

After 

 

Table 2. General soil physico-chemical properties in Sumani watershed 

 Mean 
Cri-

teria 
(Range) SD r a 

Sand (%) 9.0  (0.4-58.0) 11 0.08 



Very fine sand(%) 2.0  (0.4-9.0) 2 0.01 

Silt(%) 55.0  (0.0-85.0) 20 0.02 

Clay (%) 33.0  (9.0-95.0) 20 -0.05 

Organic matter (g kg-1) 54.0 h (21.0-111.0) 24 0.01 

Soil permeability (cm h-1) 93.0  (0.0-1506.0) 286 0.01 

Soil erodibility (K) 0.22 h (0.0-0.5) 0.1 0.17* 

Bulk density (g cm-3) 0.9  (0.5-1.3) 0.2 0.01 

Soil pH H2O 1:2.5 5.5 a (4.2-7.2) 0.5 0.32** 

Total Carbon (g kg-1) 34.6 h (7.2-151.4) 27.6 0.01 

Total Nitrogen (g kg-1) 3 m (0.4-9) 0.17 0.01 

Exchangeable Ca (cmolc(+) kg-1) 10.6 m (0.023-29.7) 6.1 0.45** 

Exchangeable K (cmolc(+) kg-1) 0.4 m (0.1-1.9) 0.4 0.38** 

Exchangeable Na (cmolc(+) kg-1) 0.9 h (0.002-3.7) 0.7 -0.28** 

Extractable Fe (mg kg-1) 204.2 h (0.02-1500.6) 289 -0.17* 

Available Si 0-20 cm (mg SiO2 kg-1) 300.0 l (89.4-1115.4) 177   

**, P Value <0.01 and *, P value < 0,05; SD=standar deviation; r=correlation; h=high; m=medium; l=low; a=acid 
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-Reviewer 1 

2. The subheadings 3.1 and 3.2 are not clear enough. 

Bafore 

Table 1. Available SiO2 (mg/kg) and erosion-factor analyses in sampling sites in the Sumani  watershed  



 



 

Tables 1 and 2 show general soil physicochemical properties in the SW. 

After 

Table 1. Available SiO2 (mg/kg) and erosion-factor analyses in sampling sited in the Sumani watershed 



 



 

d=deficiency concentration of Si; l=low concentration of Si; h= high concentration of Si 
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Fig. 1. Possible factors influencing the distribution of Si available in the Sumani watershed.  
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Figure 1. Possible factors influencing the distribution of silicon available in the Sumani watershed. (a) Natural 

Source of Si by Volcanis ash, iirigation water and Top soil; (b) Translocation of Si by Topography and Soil 

erosion; (c) Low and deficiency of Si in Sawah soil;(d) Rich available Si in Lowland; (e) available Si in sawah soil 

controlling by pH, TC, etc. 
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Fig. 2. Sampling point (a) and land-use type (b) in the SW. 
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Figure 2. Sampling point (a)  and land use type (b) in Sumani watershed: Field survey picture from: 1.Sawah; 

2.Forest; 3.Mixed garden; 4.Vegetables; 5. Bush; 6. Soil erosion; 7.River sediment 
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Fig. 4. 3D soil-erosion map in the Sumani watershed. 
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Figure  4.  3 D Soil erosion Map in Sumani watershed. 
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Fig. 5. Distribution of available Si in soil. 
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Fig. 5.. Distribution of available Si in soil 
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Fig. 7. Direction of material movement in the Sumani watershed. 
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Fig. 7. Direction of material movement in Sumani watershed 
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Fig. 8. Dissolved Si in river and irrigation water in the Sumani watershed. 
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Fig. 8. Dissolved Si in river and irrigation water in Sumani watershed 
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Fig. 9. Diagram of available-Si distribution influenced by various factors. 

After 
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Fig. 9. Diagram of Available Si distribution influenced by the following factors 
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Answer to Reviwer 2 

(1) The introduction section lacks a clear hypothesis. Moreover, the references in many places are also missing. 

So the introduction should be strengthened in why we conducted this study, which factors affects the distribution 

of Si, what are the present knowledge gap, what are your hypothesis, what are your research objective? 

Answer 

After 

Wu. L, Beard, B.L, Roden, E.E, Johnson, C.M. 2009. Influence of pH and dissolved Si on Fe isotope fractionation during 

dissimilatory microbial reduction of hematite. Geochimica et Cosmochimica Acta, 73. 5584-5599. 

Wang. Y, Zhang. X, Huang. C. 2009. Spatial variability of soil total nitrogen and soil total phosphorus under different land 

uses in a small watershed on the Loess Plateau, China. Geoderma. 150. 141-149. 

Hartemink AE. 1998. Soil chemical and physical properties as indicators of sustainable land management under sugar cane 

in Papua New Guinea. Geoderma 85. 283-306. 

 

Before 

“volcanic ash and Si fertilizer of irrigation water can be natural sources. In sawah soil, pH, total carbon (TC) 
can be the factors controlling Si availability. 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 
Sumatra, Indonesia. We have already  previously observed that severe erosion occurred 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 paper. 

 

After 

“Top soil, volcanic ash and Si fertilizer of irrigation water can be natural sources. In sawah soil, pH, total 
carbon (TC), Total Nitrogen (TN), Bace cation (Ca, K, Na) and trace metal (Fe) can be the factors controlling Si 
availability. 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 Sumatra, Indonesia. We have 
already previously observed that severe erosion occurred 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 paper. 

 Quetion 1 from Reviwer 2 yaitu apa kesenjangan pengetahuan saat ini dan apa hipotesis 

hipotesis sudah kami tambahkan di atas 

Before 



1.The present study aimed to determine the factors influencing the distribution of available Si in SW. 

2. to develop a 3D map of soil erosion, available Si, and Land-use pattern distribution from a very large 
dataset through geostatistical method. In geostatistical methods, the  dependence among samples is 
incorporated into the estimation process 

After 

1.The present study aimed to determine the factors influencing the distribution of available Si in SW. 

4. to develop a 3D map of soil erosion, available Si, and Land-use pattern distribution from a very large 

dataset through geostatistical method. In geostatistical methods, the dependence among samples is 

incorporated into the estimation process 

(2) Figures in the materials and methods section should be give more explanation in the figure captions, which 

can allow the reader easily understand the contents of the figure if not read the text. 

Before 

 

Fig. 1. Possible factors influencing the distribution of Si available in the Sumani watershed.  

After 
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Figure 1. Possible factors influencing the distribution of silicon available in the Sumani watershed. (a) Natural 

Source of Si by Volcanis ash, iirigation water and Top soil; (b) Translocation of Si by Topography and Soil 

erosion; (c) Low and deficiency of Si in Sawah soil;(d) Rich available Si in Lowland; (e) available Si in sawah soil 

controlling by pH, TC, etc. 

Before 



 

Fig. 2. Sampling point (a) and land-use type (b) in the SW. 
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Figure 2. Sampling point (a)  and land use type (b) in Sumani watershed: Field survey picture from: 1.Sawah; 

2.Forest; 3.Mixed garden; 4.Vegetables; 5. Bush; 6. Soil erosion; 7.River sediment 

Question no 2 from Reviwer 2 

(3) Results and discussion section: I suggest split the result and discussion into two section. One section is result, 

which can clearly demonstrate the findings of the study, and another section is discussion 

(b)  

(a)  

1.Sawah 

(C=0.01)

2.Forest 

(C=0.001)

Mixed garden

Vegetables

Bush

6.Soil Erosion

7.River sediment

3. Mixed 

garden (C=0.2)

4.Vegetables 

(C=0.4)

5.Bush 

(C=0.02)

C is Crop factor  



Answer 

Before 

3. Result and discussion 

3.1. General soil physicochemical properties 

3.2. Available Si and other general soil properties 

3.3. Relationships between soil chemical properties and availability of SiO 2 in the SW. 

3.4. Soil-erosion map and distribution of Si availability 

3.5. Concentration of DSi in river water and irrigation 

3.6. Cross-validation of field measurements 

4. Conclusions 

 

After 

3. Result  

3.1. General soil physicochemical properties 

3.2. Available Si and other general soil properties 

3.3. Relationships between soil chemical properties and availability of SiO2 in the SW. 

3.4. Soil-erosion map and distribution of Si availability 

3.5. Concentration of DSi in river water and irrigation 

3.6. Cross-validation of field measurements 

4. Discussion 

5. Conclusions 

Jawaban Lanjutan 

DISCUSSION 

QUESTION 4 FROM Reviwer 2 

(4) Rewrite the conclusion, which should be clearly demonstrate the CONCLUSIONS based on the obtained results 

and discussion. The present conclusion description is not good because a part of contents are not the conclusions 

that this paper can make. 

Before 



4. Conclusions 

Volcanic ash and Si from irrigation was a major source of Si in the SW. Soil erosion transported soil surface rich in 

Si02, making it available to lowlands. Meanwhile, the river water in the surrounding highlands had high erosion 

and low Si02 availability. Low pH, high extractable Fe, and high exchangeable Na showed relatively low availability 

of Si02. Given these factors, the availability of Si distribution in the SW. When Si availability in soil was low, We  

found rice blast disease. Generally, Si availability in the SW was low. However, in areas close to Mount Talang, is 

the height of the addition of Si02 from volcanic ash, also in the lowland areas through irrigation water. However, 

on the west side of the SW, the area we found the availability of SiO2 sawah low especially at high topography on 

the west side of the SW, which is now found in many diseases according to the results of interviews with farmers. 

Blast disease occurred based on our observations but not in the area surrounding Mount Talang. This finding may 

be due to the contribution of Si02 from volcanic ash Mount Talang. For the sake of a sustainable management of 

watershed, we recommend the addition of Si02 to rice fields. Possible sources of Si02 include coal fly ash 

because it is so widely available in Indonesia. 

After 

Soil depth (0-20 cm), Si from irrigation and sediment was a major source of Si in the SW. Soil erosion transported soil 

surface rich in Si02, making it available to lowlands sawah. Meanwhile, the river water in the surrounding highlands had 

high erosion and low Si02 availability. Low pH, high extractable Fe, and high exchangeable Na showed relatively low 

availability of Si02. Given these factors, the availability of Si distribution in the SW. When Si availability in sawah soil was 

deficiency, We  found rice blast disease. Generally, Si availability in the SW was low. However, in areas close to Mount 

Talang, is the height of the addition of Si02 from volcanic ash, also in the lowland areas through irrigation water. However, 

on the west side of the SW, the area we found the availability of SiO2 sawah deficiency especially at high topography on the 

west side of the SW, which is now found in many diseases according to the results of interviews with farmers. Blast disease 

occurred based on our observations but not in the area surrounding Mount Talang. This finding may be due to the 

contribution of Si02 from volcanic ash Mount Talang.  

For the sake of a sustainable management of watershed, we recommend the addition of Si02 to rice fields . Possible sources 

of Si02 include coal fly ash because it is so widely available in Indonesia. 

 

pertanyaan 5 dari Reviwer 2 

(5) Highlights should be rewritten, which need to deliver the key points of this study achieved. 

(5) kelima yang digaris bawahi harus ditulis ulang yang perlu menyampaikan poin-poin utama dari penelitian ini 

Answer 

Before 

Highlights 



 Distribution of available Si were investigated and discussed with land use types and soil erosion status. 

 General soil physico-chemical properties were presented. 

 Relationships between soil chemical properties and availability of Silica in Sumani watershed were presented. 

 Soil erosion map and distribution Silicon availability were presented. 

 The results showed that available Si levels in sawah soil was less than 300 mg SiO2 kg-1. 

 Available Si content in river sediments was also determined and was higher than those in sawah or other land 

uses. 

 

 

Before 
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Highlights 

 The distribution of available Si in the Sumani watershed (SW) were investigated. 

 Available Si content in river sediments higher than other land-use types. 

 Available Si or soil rich in Si was redistributed through soil erosion. 

 3D soil-erosion map in the SW and distribution Si in soil were presented. 

 Available SiO2 and erosion-factor analyses in the SW were presented. 
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Answer to 

-Reviewer 1 

Pertanyaan No. 1 

 

1. Table 2 averages the soil properties of the eight different land types in the basin, what is the significance? 

What problem do you want to explain? The experiment of exchangeable K, exchangeable Ca, exchangeable Na 

and other elements appears in Table 2, but it does not explain these research contents in the introduction, which 

seems a bit abrupt. 

Before 

Table 2. General soil physicochemical properties in the Sumani watershed  
 

 Mean (Range) SD ra 

Sand (%) 9.0 (0.4-58.0) 11 0.08 
Very fine sand (%) 2.0 (0.4-9.0) 2 0.01 

Silt (%) 55.0 (0.0-85.0) 20 0.02 

Clay (%) 33.0 (9.0-95.0) 20 -0.05 

Organic matter (g kg-1) 54.0 (21.0-111.0) 24 0.01 

Soil permeability (cm h-1) 93.0 (0.0-1506.0) 286 0.01 

Soil erodibility (K) 0.22 (0.0-0.5) 0.1 0.17* 

Bulk density (g cm-3) 0.9 (0.5-1.3) 0.2 0.01 

Soil pH H2O 1:2.5 5.5 (4.2-7.2) 0.5 0.32** 

Total Carbon (g kg-1) 34.6 (7.2-151.4) 27.6 0.01 

Total Nitrogen (g kg-1) 3 (0.4-9) 0.17 0.01 

Exchangeable Ca (cmolc(+) kg-1) 10.6 (0.023-29.7) 6.1 0.45** 

Exchangeable K (cmolc(+) kg-1) 0.4 (0.1-1.9) 0.4 0.38** 

Exchangeable Na (cmolc(+) kg-1) 0.9 (0.002-3.7) 0.7 -0.28** 

Extractable Fe (mg kg-1) 204.2 (0.02-1500.6) 289 -0.17* 

Available Si 0-20 cm (mg SiO2 kg-1) 300.0 (89.4-1115.4) 177  
 

Tables 1 and 2 show general soil physicochemical properties in the SW. The soil had 



high silt and clay contents and organic matter content of about 5%. Soil permeability and  erodibility 
were high. According to Wischmeier and Smith (1978), soils with K-factor > 0.04 are generally susceptible to soil 
erosion. Soil susceptibility to erosion is highly influenced by different climatic, physical, hydrological, chemical, 
mineralogical, and biological properties (Veihe 2002). Total nitrogen and available Si are low, whereas TC, 
extractable Fe and Zn are high. Exchangeable base cations (Ca, Mg, K, and Na) were relatively high. Soil 
physicochemical properties had some correlation with available Si in the SW (Table 2).  

 

After 

 

Table 2. General soil physico-chemical properties in Sumani watershed 

 Mean 
Cri-

teria 
(Range) SD r a 

Sand (%) 9.0  (0.4-58.0) 11 0.08 

Very fine sand(%) 2.0  (0.4-9.0) 2 0.01 

Silt(%) 55.0  (0.0-85.0) 20 0.02 

Clay (%) 33.0  (9.0-95.0) 20 -0.05 

Organic matter (g kg-1) 54.0 h (21.0-111.0) 24 0.01 

Soil permeability (cm h-1) 93.0  (0.0-1506.0) 286 0.01 

Soil erodibility (K) 0.22 h (0.0-0.5) 0.1 0.17* 

Bulk density (g cm-3) 0.9  (0.5-1.3) 0.2 0.01 

Soil pH H2O 1:2.5 5.5 a (4.2-7.2) 0.5 0.32** 

Total Carbon (g kg-1) 34.6 h (7.2-151.4) 27.6 0.01 

Total Nitrogen (g kg-1) 3 m (0.4-9) 0.17 0.01 

Exchangeable Ca (cmolc(+) kg-1) 10.6 m (0.023-29.7) 6.1 0.45** 

Exchangeable K (cmolc(+) kg-1) 0.4 m (0.1-1.9) 0.4 0.38** 

Exchangeable Na (cmolc(+) kg-1) 0.9 h (0.002-3.7) 0.7 -0.28** 

Extractable Fe (mg kg-1) 204.2 h (0.02-1500.6) 289 -0.17* 

Available Si 0-20 cm (mg SiO2 kg-1) 300.0 l (89.4-1115.4) 177   

**, P Value <0.01 and *, P value < 0,05; SD=standar deviation; r=correlation; h=high; m=medium; l=low; a=acid 

 

Answer to 

-Reviewer 1 

2. The subheadings 3.1 and 3.2 are not clear enough. 

Bafore 

Table 1. Available SiO2 (mg/kg) and erosion-factor analyses in sampling sites in the Sumani watershed  

 

 

Tables 1 and 2 show general soil physicochemical properties in the SW. 

After 



Table 1. Available SiO2 (mg/kg) and erosion-factor analyses in sampling sited in the Sumani watershed 

 



 

d=deficiency concentration of Si; l=low concentration of Si; h= high concentration of Si 



Answer to 

-Reviewer 1 

Pertanyaan No. 3 

3. The location of the five catchment areas in the watershed in the 3D map is not clear enough. 

3. Lokasi lima daerah tangkapan air di DAS di peta 3D tidak cukup jelas. 

Answer 

 

Before 

 

Fig. 1. Possible factors influencing the distribution of Si available in the Sumani watershed.  

After 
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Figure 1. Possible factors influencing the distribution of silicon available in the Sumani watershed. (a) Natural 

Source of Si by Volcanis ash, iirigation water and Top soil; (b) Translocation of Si by Topography and Soil 

erosion; (c) Low and deficiency of Si in Sawah soil;(d) Rich available Si in Lowland; (e) available Si in sawah soil 

controlling by pH, TC, etc. 
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Fig. 2. Sampling point (a) and land-use type (b) in the SW. 
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Figure 2. Sampling point (a)  and land use type (b) in Sumani watershed: Field survey picture from: 1.Sawah; 

2.Forest; 3.Mixed garden; 4.Vegetables; 5. Bush; 6. Soil erosion; 7.River sediment 
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C is Crop factor  



Before 

 

Fig. 4. 3D soil-erosion map in the Sumani watershed. 
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Figure  4.  3 D Soil erosion Map in Sumani watershed. 

 

 

 


