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Answer to reviewer B

Thank you very much for your review. We tried to revise the manuscript according to your and the other reviewer’s comments as below.

Thank you very much for your further review in advance.

1) Fig. 3: “Agroforestry” is used as an axis label. However, mixed garden has been described in text. “Mixed garden” is appropriate

to use as axis label.

P9L7-8: We added the sentence “Distributions of respective factors in the watershed were summarized in figures 2.”. Then, explanation of
Fig.2 appears before that of Fig.3.
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Table 1. Result of the economic feasibility analyses in Sumani watershed

S1= Sumani, S2= Lembang, S3= Gawan, S4= Aripan, S5= Imang sub-watershed, SW= Sumani watershed

2 A common Indonesian local fruit.

30



Range of Cost Revenue Benefit
Land utilization type soil erosion rate (Production x price) Benefit-Cost ratio
(Mg haly™) (USS ha'ly™)
Sawah
Sawah at S1 0.010-6.32 183.76 1152.35 968.58 5.27
Sawah at S2 0.004 -13.21 208.24 1124.22 915.98 4.40
Sawah at S3 0.003 -13.18 265.18 1253.60 988.42 3.73
Sawah at S4 0.003 - 0.48 363.76 1339.50 975.73 2.68
Average 1.0 255.24 1217.42 962.18 3.77
Vegetables garden
Pepper at S2 (capsicum annum) 0.386—893.0 1482.35 5269.80 3787.45 2.56
Tomato at S2 (solonum lycopersicum.syn) 0.386 —893.0 1065.88 7617.06 6551.18 6.15
Radish at S2 (raphanus sativus L.) 0.386—893.0 373.13 1058.82 685.69 1.84
Red onion at S2 (allium ascalonicum.L) 0.386—893.0 2140.71 7058.82 4918.12 2.30
Mixed croping at S4 0.144-751.0 562.12 3011.76 2449.65 4.36
Mixed croping at S5 0.145-628.0 684.24 2964.71 2280.47 3.33
Average 132.3 1051.40 4496.83 3445.43 3.28
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Mixed garden

Duku? at S1 (langsium domesticum)
Duku at S2 (langsium domesticum)
Coconut at S3 (cocos nucifera)

Coconut at S5 (cocos nucifera)

Average

0.152-213.0

1.928 - 348.0

0.457-523.0

61.457 - 556.0

66.9

174.12

204.71

245.65

245.65

217.53

774.12

804.71

1304.47

1304.47

1046.94

600.00

600.00

1058.82

1058.82

829.41

3.45

2.93

4.31

4.31

3.81
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Table 2. Change of land uses in the recommended land use planning.

Present land use Recommended
land use
Soil erosion rate
Average (Mg haly?) 51.4 71
Range (Mg ha'y?) (0.001-1423.0) (0.001-59.0)
Land use pattern (%)
Forest 15.9 29.4
Sawah 23.3 27.6
Vegetable garden without conservation practices 24.9 5.6
Vegetable + terrace 0 10.0
Vegetable + contour cropping 0 1.8
Mixed garden 12.2 19.0
Grass 0.6 0.0
Alang-alang (Imperata cylendrica) 2.4 0.0
Shrub 3.7 0.0
Settlement 11.5 7.8
Settlement + home garden + terrace 0 3.7
Coconut 2 0.7
Tea 0.1 0.1
Water body 3.9 3.9
Total 100.0 100.0
Benefit from agricultural production
(US S million y?) 66.85 64.26

US $ 1 equivalent to about Rp 8500 at the period of the study
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ABSTRACT

In the present study, we tried to make a recommendation land use planning concerning land
conservation and agro-economical production in a watershed, Sumani watershed in West
Sumatra, Indonesia, where intensive agriculture has been practiced in long time. On the aspect of
land conservation we used the results of soil erosion rates estimated using Universal Soil Loss
Equation in the previous paper. We tried to make the recommendable land use planning more
realistic by keeping current land uses as much as possible. In sites with the soil erosion rate less
than the tolerable erosion rate (TER), 14 Mg ha* y1, set by Indonesian government, the land use
was kept as it was. When soil erosion rate was higher than TER, we selected a new land use with
a CP-factor smaller than the original one in order to reduce the soil erosion rate. In the
recommended land use planning, 19.3% of the vegetable garden was changed into new land uses
such as vegetable with terrace (10%), vegetable with contour cropping (1.8%) and sawah (7.5%).
Recommended land use planning could reduce soil erosion rate by 86%, which is from 58.9 to
7.1 Mg hat y1, with a reduction in total profit from agricultural production the only 2.8% in

whole Sumani watershed.

Key words: recommended land use, soil erosion, USLE

INTRODUCTION
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No soil phenomenon is more destructive in Indonesia than soil erosion caused by heavy rainfall
and deforestation for expansion of agricultural fields to meet food increasing food demands. Soil
erosion of 6-12 Mg hay* on agricultural land has caused economic loss of US$ 340-406 million
in Indonesia in 1989, which was responsible for nearly 80% of the decline in the productivity of
agricultural land (World Bank, 1989). In recent years, demand for agricultural products has been
further increased due to population growth (Sarainsong et al. 2007). This accelerated
deforestation and land use changes without concerning about soil conservation in Indonesia.
There is a rising call for a better land and watershed management planning to archive sustainable
use of agricultural filed keeping its economical productivity and controlling soil erosion. But, it

has never been conducted yet in Indonesia.

Sumani watershed where is the main rice production area in West Sumatra has been also
facing rapid land use change from forest to agricultural fields and increase of soil erosion rate.
Average soil erosion rate in the watershed estimated by Universal Soil Loss Equation increased
from 43.13 Mg hay! in 1992 to 58.91 Mg hay! in 2002 with the change of land use pattern
(Aflizar et al. 2010). In 52% of the land in the watershed, the soil erosion rate exceeded the

tolerable erosion rate (TER) in Indonesia, i.e. 14 Mg haly™.

In Sumani watershed, farmers recognized that soil erosion was very serious in their
agricultural land. Farmers are also willing to do soil conservation practices on their farmlands, if
they could have proper knowledge and financial assistance. For realizing the conservation
practices, Indonesian government provide a program to local governments in order to assist soil
and water conservation practices conducted in agricultural fields in watershed scales. This
program was known as the National Movement for Forest and Land Rehabilitation (GN-

RHL/GERHAN) (Watershed Management Agency, 2007). The details can be seen in
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Regionaldua (2007). Though there were farmer’s demands and the program of the government
for soil conservation practices, it has not progressed in Indonesia due to lack of correct and
reliable information on soil erosion in watershed scales and planning idea for better watershed
management. In a previous study, we tried to make precise evaluation on soil erosion in a typical
agricultural watershed in Indonesia, Sumani watershed. Based on this work, we tried to make a
recommended land use pattern of the watershed by modifying the land use types to reduce soil
erosion less than TER keeping agro-economical production in the watershed in the present study.
This is the first case study on a recommended land use planning based on the researches on soil
erosion and agro-economic status in watershed scale in Indonesia. \We hope we can show a
realistic idea to local farmers and the government how to design soil conservation planning and

to implement it in Indonesia.

MATERIALS AND METHODS

Study area

Sumani watershed, covering 58,330 ha, locates in Solok regency (latitude 00° 36' 08" to 10° 44" 08"" S,
longitude 100° 24" 117" —101° 15" 48" E) with the elevation of 300 m and 2500 m above sea level about
50 km east of the Padang city (Figure 1). Outlet of the watershed is Lake Singkarak. It is situated in a
humid tropical zone. Sumani watershed consists of land uses such as primary forest, mixed garden,
vegetable garden, sawah, abandoned agricultural field and settlement. The term sawah refer to a
levelled and bounded rice field with an inlet and outlet for irrigation and drainage (Wakatsuki et al.
1998). Mixed garden refers to agricultural field where perennial tree crops such as rubber, cinnamomon,
coffee, coconut, clove are planted with annual crops with average production of 103, 101, 61, 21 and 5
Mg v?, respectively. (Solok statistical agency, 2002). Sawo and avogado productions were unrecorded.
In vegetable gardens, farmers mainly cultivated sweet potato (lpomoea batatas. L), onion, tomato, chilli,
corn (Zea mays. L) and soybean with average production of 9487, 3565, 1025, 783, 699 and 134 Mg y™,
respectively (Solok Statistical Agency, 2001) . Detail description of the study site can be seen in the
previous paper (Aflizar et al. 2010).

Estimation of soil erosion rate in watershed
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In the previous paper (Aflizar et al. 2010), we estimated soil erosion rate in Sumani watershed
using Universal Soil Loss Equation (Wischmeier and Smith, 1978). In the USLE model, annual

soil loss is expressed as a function of six erosion factors:
E=RxKXxLxSxCxP @

Where: E is the estimated soil loss in Mg hay*; R is Rainfall erosivity factor, dimensionless; K
is inherent soil erodibility, dimensionless; L is length of the slope factor, dimensionless; S is
slope factor, dimensionless; C is crop cover factor, dimensionless; and P is a factor that accounts

for the effects of soil conservation practices, dimensionless.

The watershed was divided by 39312 grids with the size of 125 m x 125 m mesh and
basic data were allocated or estimated in each grid by means of reading of maps and a Landsat
image for land use types and altitude or kriging method for precipitation and soil properties. Base
on these data, respective USLE factors were calculated in each grid unit. Among the above
factors, C- and P-factors are the ones that we can modify to improve soil erosion and agro-

economical conditions in the watershed.

Economic feasibility analysis

Economic feasibility of respective land use types in the watershed was evaluated from its cost-

benefit ratio, which was calculated as:

BC ratio= " -C 2)
C
Where R is the revenue which is calculated as production (kg) x price (US$ kg™t), C is cost

(US$). BC ratio is shown as basic data to assess the efficiency of cost investment against to
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benefit gained from respective agricultural products. The BC ratio can be used as a guideline
(ranging from 2.6-10.3) to prevent any loss of profit received by farmers at the next harvest due
to large production costs (Choudhury et al. 1995; Slaney et al. 2010). In order to calculate these
parameters, data on costs of labor, fertilizer, pesticide and seed, and production and price of
respective agricultural products were derived from a detailed social economic survey report in
Solok statistical agency in 2002 and Istijono (2006) that was the latest available data during the
period of the study. As the both cost and revenue varied in the watershed, we summarized the
results in sub-watershed levels where respective land uses were mainly distributed (Table 1).
Land use types with no cost and revenue such as forest, and grass, alang-alang (land occupied by
Imperata cylindrica) and shrub lands were omitted from the analyses. The average values of
benefits in respective land uses of sawah, vegetable garden and mixed garden were calculated as
representative values for the estimation and comparison of total profit of agricultural production

in whole watershed in the present and the recommended land use planning.

Planning of recommended land use

Based on the resolute USLE factor values of each grid, the spatial distribution of soil erosion
rates under present farming practices in Sumani watershed was established in the previous paper

(Aflizar et al. 2010).

In order to a make recommended land use planning, we took procedures shown in Figure
2. The analyses were conducted in each grid unit. In grids with the soil erosion rate less than the
TER, 14 Mg ha! y%, the land use type was kept in the recommended land use planning. In this

process, all the grids with the land use of forest, sawah and tea showed the soil erosion rate less
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than TER and were kept as they were. When the soil erosion rate in a grid exceeded TER, we
calculated CP-factors to meet TER by the formula “recommended CP = TER / (R x K x LS)” for
the respective grids. Then we selected a new land use from candidates of new land uses. We
separated the process for vegetable garden from mixed garden and bush, which consisted of
grass, alang-alang (land occupied by Imperata cylindrica) and shrub, as shown in Figure 2. As
vegetable garden has brought the highest agro-economical benefit among the land uses (Table 1),
we tried to keep the land use with an application of conservation practices such as contour
cropping and terracing to reduce soil erosion rate. In case that the recommended CP-factor was
smaller than 0.008, we changed the land use into sawah. For land uses of mixed garden and bush,
mixed garden with a soil conservation measure, i.e. full cover crop, or reforestation were applied
depending on the recommended CP-factors. In addition to the processes in Figure 2, for the grids
with settlement that located at steep slope area and showed soil erosion rate more than TER, soil
conservation measure by home garden with fruit trees plus terracing was applied in order to
reduce the soil erosion rate less than TER as shown in Table 2. Though the above processes,
58330 ha out of the whole watershed area was modified in the land uses. Change of land uses
were summarized in Table 2. The cost of application of soil conservation measures was not
counted in the calculation of benefit in recommended land use show in Table 2, as we expected

that the cost will be supported by the governmental program described above.

In addition, we also tried to make a simple simulation to evaluate effects of application of
respective land use types on reducing soil erosion. We assumed that the area with the soil erosion
rate higher than TER under the present land use condition was converted into a single land use

type listed in Figure 3. This meant that area with the soil erosion rate less than TER was kept as
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the original land use was. Although it was not realistic plannings, we could see the effects the

application in comparison.

RESULTS AND DISCUSSION
Results of economic feasibility analysis

The results of economic feasibility analysis are shown in Table 1. The benefit was generally
highest in vegetable gardens, which was about 3 to 4 times higher than those in sawah and mixed
garden. Although farmers want to cultivate vegetables because of the higher benefit, suitable
area for vegetable garden was limited in higher topographical positions with relatively cool
climate. Vegetable garden shared about 25% of the whole watershed area (Table 2). Cost-benefit
(B/C) ratio ranged from 1.84 to 6.15, which was higher comparing with vegetable garden in
Cianjur watershed (B/C ratio of 1.1) in the central part of West Java (Sarainsong et al. 2007). In
Cianjur watershed, although the revenue was about the same in both watersheds, production cost
was three times higher than that in Sumani watershed because the farmers don’t have their own
land area and have to rent the lands from land-owners. The cost for vegetable production in
Cianjur watershed was approximately U.S. $ 3,132 ha* y* with the BC ratio of 1.1 (Sarainsong
et al. 2007) while that in Sumani watershed U.S. $ 1,051 hal y* with the BC ratio of 3.28 in
average (Table 1), which was three times as high as did Cianjur watershed. This meant we have
to take the land cost into account for production and to expect lower benefit and B/C ratio in
regions like Cianjur watershed. Sawah in all sub-watersheds possessed the soil erosion rates less
than the TER. Sawah in S1 and S2 located in middle to upper topographical positions in the

watershed, where harvest of rice was only one time a year. In spite of the one time harvest in S1
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and S2, it had a higher B/C ratio than lowland sawah at S3 and S4 where farmers harvested twice
or three times a year. This was mainly due to the rice quality. Quality of rice harvested in S1 and
S2 were approved to be better, which might be owing to cool climate. Therefore, consumers
preferred it and the selling price became more expensive than those in lowland in S3 and S4. For
vegetable garden, it generally showed very high soil erosion rates, 132.3 Mg ha* y! in average,
as they were located on sloping areas in the watershed. Most of the area with vegetable garden
showed the values less than the TER. In terms of the B/C ratio, tomato garden had high
production and high price, resulting in higher B/C ratio compare to pepper, radish, red small
onion (bawang merah in Indonesian) and other vegetables. For mixed gardens, coconut garden

had a higher B/C ratio than that of duku (langsium domesticum).

As we showed the large difference in benefit of respective land uses, we must keep land

use of vegetable gardens in order to keep agricultural profit in the watershed.

Recommended land use planning

Figure 3 shows the results of a simulation applying single land use type on control of soil erosion
rate on the area with the soil erosion rate higher than TER. Application of the vegetable gardens
with soil conservation practices of contour cropping and terracing, could control the soil erosion
rate less than TER at the area of 59% and 73% of total watershed area, respectively. Because of
the mountainous topography and high annual rainfall in Sumani watershed, these conservation
practices were not enough to control soil erosion in the agricultural land. Mixed garden and
sawah were more effective in reducing soil erosion rates in the watershed. This was in agreement

to the past research carried out in Indonesia which signify that mixed garden and sawah gave the
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best results by reducing soil erosion and increasing crop production (Kusumandari and Mitchell,
1997). Mixed garden and sawah could control the soil erosion rate in wider area, approximately
82% and 98 % of total watershed area, respectively. Mixed garden and sawah ranged had higher
potential to control soil erosion rate as they have smaller CP-factors comparing with vegetable
gardens. The CP-factor of mixed garden, sawah and vegetable garden were 0.01-0.08, 0.003-
0.009 and 0.2, respectively. Plants used in mixed garden have multilayered canopies and cover
ground efficiently prohibiting soil surface from being disturbed by rainfall. Sawah has bands
surrounding the area, which is able to control both soil erosion and run off. As far as we concern
the economical profit of the respective land use, vegetable garden was the preferable option,
followed by mixed garden or sawah (Table 1). It was found that we had to apply reforestation for

the sloping areas in order to control soil erosion rate in all the area less than TER.

Figure 4 shows the predicted soil erosion rate under a recommended land use planning in
the watershed. Table 2 summaries the data on soil erosion rate, coverage percentages of
respective land use types and benefit from agricultural production in the current and the
recommended land use planning. Soil erosion rate under the recommended land use planning
was predicted to be 7.1 Mg ha* y*, accounting for 86% of the reduction from that of the present
land use condition. In the recommended land use planning, area of the coverage of vegetable
gardens with contour cropping and terracing, mixed garden with full cover crop and sawah in the
watershed area were 1.8, 13.7, 19.0 and 27.6% with the increment of 1.8, 10.0, 6.8 and 4.3%
from the present land use condition, respectively (Figure 4 and Table 2). Application of the
terracing in vegetable gardens is believed to be an effective measure in Sumani watershed as

Zhang et al. (2003) also reported. The terracing, which is an effective method of soil
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conservation on steep slopes, has been used extensively to control water erosion in hilly areas

and farmers in many countries.

With the application of the recommended land use planning to the watershed, we
expected great reduction of soil erosion rate with very small reduction of agro-economic profit
by only 2.9% from that in the present land use condition. It changed from 66.85 million US$ in
current land use condition to 64.26 US$. In the present study, although we did not consider an
option with rotation in sawah to increase the profit, it has high possibility of application. In fact,
in upper topographical positions in the watershed, the rotation of rice and vegetables has been
practiced by some farmers. However, there were also farmers who completely converted land
use from sawah to vegetable garden to increase their agro-economical income, which surely
resulted in the increase of soil erosion. Such demands of farmers should also been considered in
the implementation of the planning. It may be a practical and effective land use planning to
cultivate vegetable in less rain season and rice in heavy rain season to control soil erosion

ensuring farmers’ income.

In the sense of feasibility implementing the recommended land use planning, it is
obviously impossible to implement it in the watershed at once. As Agus et al. (1997) and
Crasswell et al. (1997) stated in their works, that use of appropriate agronomic practices is
preferable to reduce soil erosion with low cost whenever it is possible. We should proceed the
application of better watershed management practices step by step, whenever it is possible.
Actually, there is a case that land use conversion is inevitable to practice agriculture on very
steep slopes, even though government or researchers do not push farmers (Svoray et al. 2005;
Sarainsong et al. 2007). This means there was a natural motivation to apply soil conservation

practices in the area. In this case, what government and researchers have to do is providing
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appropriate information and advises to farmers or local government for better watershed

management. The recommended land use planning in the present study is an practical example.

In the recommended land planning, reforestation was applied to the sites with bush
(grass, shrub and alang-alang) and some sites with mixed garden on the very step slope. The
reforestation was possible to be implemented because these sites have not been productive in the
present land use condition and planting of trees has been a common practice in mixed garden. In
contrast, application of soil conservation practices such as contour cropping and terracing in
vegetable gardens were rather difficult because it costs and requires skills for farmers. Incentives
or subsidies to the farmers from the central or local governments and other sectors such as
National Electricity Agency which is a stake holder of Sumani watershed management may be
necessary to apply the recommended land use planning. As Stevenson and Lee (2001) and
Sarainsong et al. (2007) reported, the strategies and management activities should be discussed
and elaborated by local peoples, government and other stakeholders before the implementation

of the planning.
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Fig. 1. Study site and distribution of soil sampling points sites in Sumani watershed, West

Sumatra, coordinates bases on UTM coordinate system WGS 84 Zone 47 Southern Hemispire.
Fig. 2. Planning process model: E, Estimated soil erosion, TER, Soil loss tolerance for

economic planning (14 Mg hay?), CP-factor: crop factor x protection factor of USLE, Vg:

Vegetable garden, MG: Mixed garden.

Fig. 3. Effect of respective agricultural land use types on controlling soil erosion rates in the
Sumani watershed. This is a simulation assuming that all the area in the watershed, except forest
is converted to respective land use types, except “Present land use”. Total watershed area is

58330 ha.

Fig. 4. Predicted soil erosion rate (a) under Recommended land use pattern (b)
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