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CHAPTER 1
GENERAL INTRODUCTION
1.1.  Social Forestry

The growing population in Indonesia influences land demand for agriculture that
accelerates converting of the land use from forest to agricultural land. A national forest area in
Indonesia covers 63% of its total area (MoEF, 2018). The term forest according to the Indonesian
Forestry Act 1999 is a united ecosystem predominantly by tree communities found in the natural
environment (Republic of Indonesia, 1999). The contribution of Indonesia in United Nations
Framework Convention on Climate Change (UNFCCC) modified forest definition into forest
“working definition” that stated, “a land area of more than 6.25 hectares with tree higher than 5

meters at maturity and a canopy cover of more than 30 percent” (MoEF, 2016).

It is important to protect the forest from deforestation and forest degradation, as forest has
functions in supporting biodiversity (flora and fauna), determining hydrological characteristics,
and supporting life for communities. Local communities surrounding forest areas have a strong
bonding with the forest as they depend on forest resources for living. The utilization of forest areas
by local communities often rise conflict of forest tenure. Local communities that live surrounding
the forest area have a potential on forest management to ensure forest functions. Therefore, forest
management policy for giving legal access to local communities is a solution to use forest
resources in order to support economic growth and reduce conflicts with consideration in

maintaining forest functions.



Social forestry is the system of forest management that empowers local communities by
giving legal access to forest resources. This policy gives equity to local communities for increasing
prosperity and economic development, for balancing the relationship between environment and
dynamic social culture, and for maintaining sustainable forest function (Ministry of Environment
and Forestry, 2016). Besides that, legal access to forest tenure can reduce deforestation and
improve rehabilitation. Social forestry program consists of community forests (Hutan
Kemasyarakatan, HKm, is a type of social forestry that the main purposes are for empowering
local community by giving legal access to forest area), forestry partnerships (Kemitraan
Kehutanan is cooperation between local community and forest managers, the holders of forest
service, the holders of forest land use rights, and the holders of primary forest industry), adat
forests (Hutan Adat is a forest that located in an adat law community’s area), village forests (Hutan
Desa is a type of social forestry which is managed by village officials for the welfare of village
community), and community plantation forests (Hutan Tanaman Rakyat is a type of social forestry
that allows local community to access the forest to establish timber plantation in a production

forest through application of silviculture to ensure forest sustainability).

In Tanggamus Regency, Lampung, Indonesia, the coffee plantation is predominant land
use and cultivated by smallholder in the social forestry area. Local community around the forest
in Tanggamus Regency area has legal access to use forest in order to increase their livelihoods and
welfare through community forest and forestry partnership programs but on another side, they
have to maintain forest function. Coffee cultivation becomes one of the important sources to
support economic growth. Indonesia is the fourth largest coffee producer after Brazil, Vietnam,
and Colombia (International Coffee Organization, 2019). Coffee is the largest export from the

agricultural and forestry sector in Lampung Province, with a value USD 435,288,000 (Statistics of



Lampung Province, 2017a) and a production of 131,501 ton (Statistics of Lampung Province,

2017b) in 2014.
1.2.  Effects of land use changes

Land use changes from forest to other land use effects on environmental problems that
influence ecosystem services such as soil erosion. The land that suffers from soil erosion will have
problems with decreasing soil quality, agricultural productivity, and sedimentation. Besides, land
use changes also cause problems of reducing water quality. Agriculture land use usually applies
chemical fertilizer to increase crop productivity. The excessive amount of fertilizer application has
resulted in decreased water quality that caused eutrophication, the harmful effects for human

consumption, and the declined aesthetics of water quality.
1.2.1. Soil erosion

Soil erosion is transporting of soil particles from one place to other places by wind or water
that occurred naturally or accelerated by human intervention. Natural soil erosion or geological
erosion is soil erosion that occurred naturally and slowly to complete equilibrium between soil
forming and soil removing. Human-accelerated erosion is soil erosion influenced by human

activities due to forest conversion to agricultural land and improper management.

Soil erosion in the tropics area dominantly promoted by water. The mechanism of soil
erosion initiated by precipitation caused the detachment of soil particles from soil surfaces. The
intensity of precipitation influences soil erosion as raindrops power determines the detachment of
soil particles from soil mass. Raindrop affects soil erosion up to 86.8% and play roles in soil

aggregate loss (Lu et al., 2016). The next process is raindrops will splash causes transportation of



soil. The transportation of soil particles becomes intense in the sloping area and deposits in lower

elevation.

Soil erosion promoted by water has various forms such as sheet erosion, rill erosion, and
gully erosion (Weil and Brady, 2017). Sheet erosion occurs when soil removes uniformly from
the soil surface. Increasing sheet flow will make concentrated flow into tiny channels which is
called rill erosion. Gully erosion was found when the rapid water flow cuts deeper into the soil and
make larger channels. Continuous concentrated water flow will result in deeper grooves with V

shaped or U shaped.

The effect of soil erosion play role in decreasing nutrient and organic matter above soil
surface and reducing soil productivity. Measuring soil erosion could be conducted by USLE
equation that consists of various factors such as erosivity, erodibility, slope, crop, and land

management (Wischmeier and Smith, 1978). The equation of USLE:

A=RXKXLS xCXxXP (1)

where A is erosion (Mg ha! year?), R is the rainfall erosivity factor (MJ mm ha h™! year?), K is
the soil erodibility factor (Mg ha h ha™* MJ™t mm™), LS is the slope length factor (dimensionless),

C is the crop factor (dimensionless), and P is the soil management factor (dimensionless).

R factor is the effect of precipitation to cause the erosion which this depend on intensity
and duration, also mass, diameter, and velocity of raindrops (Morgan, 2005). K factor reflects the
sensitivity of soil characteristics (textures, organic matter, permeability and structure) to erosion.
LS consists of the slope-length factor (L) and the slope steepness factor (S) and represents
topographic impacts on the soil erosion rate. While C factor represents the influence of cover crop

type and the P factor represents the influence of soil management practices to soil erosion rate.



Measurement of soil erosion in the field is costly and time-consuming. In recent days,
adopting process-based model becomes alternatives to access soil erosion, evaluate tillage
practices, make plans for best management practices, and comply with environmental regulations.
Process-based model such as Annualized Agricultural Non-Point Source (AnnAGNPS),
Hydrological Simulation Program-Fortran (HSPF), Areal Nonpoint Source Watershed
Environment Response Simulation—Continuous (ANSWERS—Continuous), and Soil and Water
Assessment Tool (SWAT) could be applied to identify long term effects of hydrological changes
and land management within watershed (Borah and Bera, 2003). These tools could help users for
planning land management in watershed and giving alternatives for applying best management
practices. The assessment of sediment yield and runoff from these models compares with yield
measurements presents that result of these models were acceptable (Shen et al., 2009). The
monitoring and assessment of water quality help policymakers in making regulations for

sustainable natural resources management.
1.2.2. Water quality

Water quality is observed through physical characteristics (odor, color, dissolved solids,
floating matters, sediment load, turbidity and clarity, suspended organic, and inorganic materials),
chemical characteristics (pH, salinity, dissolved oxygen, chemical oxygen demand, heavy metals,
dissolved organic matter and organic nitrogen, dissolved load of chemical constituents), and
biological characteristics (organism, biomass, pathogens, cyanobacteria, phytoplankton and
zooplankton, biological oxygen demand) of water (Sahrawat et al., 2005). The standard of water
quality is different according to purposes such as drinking water, industrial, agricultural land, and

recreation.



Within the watershed, water quality is influenced by many factors such as land use,
fertilizer application, industrial center, sewage system, tillage practices, best management
practices, and pesticide application. Agriculture land use changes could affect water quality (Lin
et al., 2015). Soil tillage and vegetation cover influence soil erosion that play role in suspended
sediment. Laufer et al. (2016) showed that intensive tillage had the highest sediment concentration

compared to reduced tillage and strip tillage.

Intensive agriculture activities could decline water quality in stream water (Rodrigues et
al., 2018; Rothwell et al., 2010) due to fertilizer and pesticide application. Soil degradation cause
by land activities results in the declining of organic matter which lead to soil deterioration.
Declining soil fertility leads to reductions of yield on agriculture land (den Biggelaar et al., 2003).
Therefore, farmers use chemical fertilizer to increase yield. Runoff during precipitation could
transport fertilizer above soil surface. Eutrophication occurs because of excessive fertilizer
application which results in nutrient enrichment in water body. Eutrophication could reduce water

quality and change functions of the aquatic ecosystem.

Land use and seasonal pattern could influence water quality (Rodrigues et al., 2018).
Moreover, water quality characteristics differ between rainy and dry seasons. Shi et al. (2017)
presented that river water quality in the rainy season has higher level of electrical conductivity
(EC), ammonium nitrogen (NH4*— N), nitrate nitrogen (NO3—N), and total suspended solids (TSS)
while in dry season has higher concentration of biochemical oxygen demand (BOD), chemical
oxygen demand (COD), and dissolved oxygen (DO). Shabalala et al. (2013) revealed that nitrate
concentration was higher in rainy season than dry season due to agricultural applications of manure

and fertilizers.



Water quality also got influence from geology. Research in Java in Indonesia demonstrated
higher Si availability in river with areas consisting parent material of tuff and volcanic ash rather
than clay sediment (Husnain et al., 2008). S. Yu et al. (2016) presented that the phosphate
concentration in stream water had influence from geological factors that contain different
orthophosphate backgrounds. Low pH water was influenced by igneous lithologies (granite, lavas

and volcanic tuff) while high pH water was affected by calcareous geology (Rothwell et al., 2010).

Primary water quality USEPA standard (United States Environmental Protection Agency
[USEPA], 2009) regulates contaminants that could have effects on human health. While secondary
water quality USEPA standard regulates contaminants that determine aesthetic qualities such as
appearance, taste, and odor. In Indonesia, Ministry of Health Republic Indonesia issues regulation
about water quality of environmental health standard and water health requirement for sanitation
hygiene, swimming pool, solus per aqua, and public bathing. Rivers are very important in
supporting human activities for irrigation, drinking, bathing, generating power plant, and

transportation. Therefore, it is important to maintain water quality to ensure rivers function.
1.3. Best Management Practices

Best management practices (BMPs) conserve soil and water within the watershed by
reducing soil erosion and nutrient loss from agricultural land. The adoption of BMPs help farmers
to maintain soil quality to support crop production. There are some BMPs that can be applied in

watersheds such as buffers, agroforestry system, terraces, contour cropping, and cover crops.
1.3.1. Buffers

Riparian buffers are the strip of trees, shrubs, or grass along the stream water that provide

transitions zone between water and agricultural land and have functioned as a filter to reduce soil



erosion, surface runoff, and nutrient loss. Riparian buffer could be used to handle non-point source
pollution. Besides, riparian buffer also has functioned as flood mitigation, stabilize bank erosion,

and as wildlife habitat.

The type of vegetation and the width influence the effectiveness of riparian buffer. The
recommendation width of riparian forest buffer for sediment removal, nutrient removal, and flood
mitigation were 50 — 160 ft, 30 — 140 ft, and 65 — 225 ft, respectively (USDA Forest Service, 1997).
Grass has higher effectiveness in reducing sediment and nutrient losses than shrubs and forest,
while forest can give the highest protection of flood mitigation (Lehigh Valley Planning
Commission, 2011). Riparian buffer that consists of trees, shrubs, and grass are more effective in

filtering sediments and nutrients loss compared to just one type of vegetation.
1.3.2. Terrace

Terrace is soil conservation practices used on the sloping area by reducing slope gradient
and length for facilitating agricultural crops. People build terraces also for reducing soil erosion,
slope stabilization, and reducing surface runoff. Application terraces with crop residue and grass
strip at terrace lips could reduce soil erosion rate higher than just terrace application (Suyana et al.,

2010).

This practice was applied in many areas in the world and used for various crops (rice, maize,
wheat). Terrace practice was applied since ancient times in southern Peru by Inca (Londofio, 2008).
Need to consider design terraces, periods of use, waterways, and width for tillage machine before
build the terrace because building the terrace is costly. Besides, terraces need to be maintained and

well manage to conserve its function for reducing landslide risk (Tarolli et al., 2014).



1.3.3. Agroforestry

Agroforestry is the management of agricultural crops with other trees that could decline
pressure on protected areas, support life for biodiversity, and support rural income (Ashley et al.,
2006). Agroforestry with high shade of canopy cover and less management will have similar
conditions with forest (Bhagwat et al., 2008). Application of agroforestry in corn-soybean rotation
could reduced runoff, nutrient, and sediment (Udawatta et al., 2001) especially in the second and

third year of experiment due to increasing of vegetation cover and vegetation roots.

Application of agroforestry could improve soil organic matter through litter from plant
residue and leaves, contribute to soil biological activities, and support water availability in the root
zone (Hairiah et al., 2003). The existence of organic matter will improve soil properties in the
upper layer such as bulk density. The bulk density in agroforestry buffer is lower than in grass
buffer and row crop while hydraulic conductivity in agroforestry and grass buffer was higher than

row crop treatments (Seobi, et al., 2005).
1.3.4. Contour cropping

Contour cropping is planting trees according to elevational contour lines in order to reduce
soil erosion and surface runoff. Alegre and Rat (1996) presented that contour hedgerow reduced
soil erosion and surface runoff. Besides, the application of residue from hedgerow could repair
soil properties by lowering bulk density and increasing hydraulic conductivity in intercropping
than sole cropping. Contour application could reduce mean sediment and phosphorus loss (Stevens
et al., 2009). Tadesse and Morgan (1996) stated that the effectiveness of contour grass strip in

reducing sediment depends on grass species, slope, and intensity of runoff.



1.3.5. Cover crop

Cover crop is crops grown in soil surface that could reduce soil erosion, surface runoff,
nutrient losses, and soil water evaporation. Cover crop play role in reducing soil erosion because
it minimizes soil particle detachments from raindrop which decline aggregate breakdown. Further,
cover crop enhances soil aggregate stability, soil organic C, and total N (Liu et al., 2005). Coarse
root axes and high rooting density of cover crops could increase hydraulic conductivity and reduce

runoff (Y. Yu et al., 2016).

The residue from cover crops could increase soil organic matter and increase plant—
available soil water relationships. In addition, residue from cover crop enhances infiltration rate
and decline evaporation (Unger & Vigil, 1998). Type of cover crops are Pueraria javanica,
Centrosema pubescens, Calopoginium mucunoides, Arachis pintoi, and others. Leguminous cover
crops can promote biologically fixed nitrogen (Dabney et al., 2001) and provide nitrogen for the
following crops. Application of cover crops should consider about enhance risks of disease, need
labor cost for planting and pruning, increase pest attacks, allelopathy, and disturb tillage practice

(Dabney et al., 2001).
1.4.  Objectives of the study
The objectives of this study are:
1. To determine total sediment solids and assess soil erosion by utilizing the USLE, also
recommended best management practices (BMPs) for the study area.

2. To determine the seasonal water quality characteristics in river under human activities and

natural processes impacts.
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CHAPTER 2
Assessment of soil erosion in social forest-dominated watersheds in Lampung, Indonesia
2.1.  Introduction

Increasing human population as well as rapid economic growth have resulted in increased
demand for land in Indonesia (Liu and Yamauchi, 2014). The availability of land is closely linked
to the intensity of economic activities, which subsequently impact forest areas. In particular,
deforestation can be attributed to illegal logging activities and conversion to agricultural land,
plantations, and settlements (Kubitza et al., 2018; Malahayati, 2018; Margono et al., 2014).
Conversion of forest land to other land-use types contributes to nonpoint source pollution and

significantly threatens water quality in aquatic systems (Gunawardhana et al., 2016).

Forest areas in Indonesia should be sustainably managed by utilizing both canopy and
understory vegetation. This would not only maintain the ecological functions of forests but also
enhance infiltration, which would decrease the rapid discharge of water as well as the subsequent
erosion from mountainous areas to downstream watersheds. The political reformation period of
1998 significantly impacted land use change in the forested areas of Indonesia (Sunderlin, 2002) .
Presently, the Indonesian government is attempting to reduce the effects of deforestation by
implementing equitable economic policies through a social forestry program. According to the
Ministry of Environment and Forestry (2016), social forestry consists of community forests (Hutan
Kemasyarakatan, HKm), forestry partnerships (Kemitraan Kehutanan), adat forests (Hutan Adat),
village forests (Hutan Desa), private forests (Hutan Rakyat), and community plantation forests
(Hutan Tanaman Rakyat). The social forestry policy aims to empower communities surrounding

forest areas through provision of environmental services and maintenance of forest functions. This
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could potentially contribute to local economic growth and improve sociocultural dynamics near

forests.

Community forestry and forestry partnerships were implemented in the Sekampung Hulu
and Sangharus watersheds in Lampung Province, Indonesia as part of the social forestry policy.
The primary land use in these watersheds is coffee plantation, with nearly 131,501 tons of coffee
produced in Lampung Province in 2014 (Statistics of Lampung Province, 2017b). Land use
changes inside the forests likely influence the environmental functions of the forests. Moreover, a
reservoir downstream of the target watersheds contributes to irrigation of paddy fields and supports
electricity generation. Thus, erosion hazards in the upstream area could influence the water

capacity of the reservoir dam as well (Ran et al., 2013).

Because land use changes can trigger soil erosion and sedimentation (Pilgrim et al., 2015),
the conversion of forests to coffee plantations in the study area likely increased soil erosion, which
is an indicator of environmental disturbance. Soil erosion is detrimental to optimal soil properties
(Ebeid et al., 1995) and causes nutrient loss from soil surfaces (Su et al., 2010). Soil erosion rates
depend on the amount and intensity of precipitation (Canton et al., 2001), topographic conditions
(Hessel and Jetten, 2007), soil characteristics (Panagos et al., 2014), and vegetation (Nicolau et al.,
1996). The focal area for this study is characterized by high precipitation and steep slopes in the

hilly or mountainous areas (Prawiradisastra, 2013).

Assessment of soil erosion can help address land management issues at the plot or
watershed scale. In addition, such assessment enables stakeholders to evaluate erosion risks and
subsequently determine suitable crop types for the watershed. Furthermore, this information allows
government agencies to implement agricultural regulations and forest management policies to

minimize land degradation and address related environmental concerns. Soil erosion can be
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estimated through the Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1978), which
is simple and user friendly. The application of the USLE at the watershed scale can be
supplemented by geographic information system (GIS) analysis (Ahmad and Hagos, 2016).
Recently, GIS has been utilized in studies of natural resource management for efficient data
management. The integration of the USLE with GIS allows assessment of soil erosion for each

spatial unit.

The study of the effects of land use change on water quality could aid watershed
management and planning (Kibena et al., 2014; Xu and Zhang, 2016). Somura et al. (2019)
conducted a preliminary study on the total suspended solids (TSS) in the target watersheds and
concluded that TSS concentrations for the Sekampung Hulu River were higher than those for the
Sangharus River. However, this study was conducted during the rainy season (March—May), but
detailed investigation of the primary rainy season characteristics and the causes of the apparent
differences in TSS concentrations was not conducted. Thus, this study aimed to determine the
water quality of the Sekampung Hulu and Sangharus Rivers based on annual estimates of their
TSS concentrations for 2016. Subsequently, soil erosion was assessed by utilizing the USLE. Best
management practices (BMPs) were also recommended for the study area. The evaluation of soil

erosion in both watersheds could potentially aid sustainable land management in the study area.
2.2.  Materials and methods
2.2.1 Study area

The Sekampung Hulu and Sangharus watersheds are located in the Tanggamus Regency,
Lampung Province, Indonesia. These two major watersheds supply water to the Batutegi Dam
reservoir (Figure 2.1). The study area is situated between latitudes 5°5°37” S and 5°15°58” S and

longitudes 104°30°34” E and 104°42°56” E. The Sekampung Hulu and Sangharus watersheds are
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spread over 141.3 km?and 117.2 km?, respectively. The study region covers an area of 258.5 km?,
of which social forestry constitutes 244.3 km?. The remainder area of 14.2 km? is private land,

which is predominantly located in the Sangharus watershed.
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Figure 2.1 Location of study area.

The elevation in the study area ranges from 282 to 1767 masl. The local mean annual
precipitation is 1826 mm (Directorate General of Operation and Maintenance Water Resources
Mesuji Sekampung [DGOMWRMS], 2017). The mean monthly precipitation during the periods
1998-2010 and 2013-2016 is presented in Figure 2.2. No precipitation data is available for 2011

2012 because the equipment was not working.
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Figure 2.2 Mean monthly precipitation, 1998-2010 and 2013-2016.

Based on data from the National Land Agency (2017) and from field observations, land
use in the Sekampung Hulu watershed comprised forest (5.8%), young coffee (25.7%),
agroforestry coffee (33.9%), shade coffee (34.3%), and river (0.3%), while that in the Sangharus
watershed comprised forest (4.6%), young coffee (3.3%), shade coffee (66.3%), agroforestry
coffee (25.6%), and river 0.2% (Figure 2.3a). Young coffee has less canopy coverage because of
the early stage of growth. Shade coffee describes coffee plantations also planted with shade trees
such as Gliricidia sepium, Paraserianthes falcataria, and others. Agroforestry coffee describes
multistory coffee plantations with fruit and timber trees such as durian (Durio spp.), avocado
(Persea americana), cloves (Syzygium aromaticum), dogfruit (Archidendron pauciflorum),
mahogany (Swietenia mahagoni), sonokeling (Dalbergia latifolia), Albizia chinensis, and others.
Agroforestry coffee is distinguished from shade coffee by the inclusion of more than five different

shade tree species.
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Figure 2.3 (a) Land use and (b) soil types in the study area.

Soil type classifications (Figure 2.3b) for the Sekampung Hulu and Sangharus watersheds
were obtained from the Indonesian Center for Agricultural Land Resources Research and
Development (ICALRD, 2016). The Sekampung Hulu watershed comprised the following soil
types: Andic Dystrudepts (28%), Typic Dystrudepts (30.6%), Typic Hapludands (16.5%), Typic
Hapludox (11.6%), Typic Kanhapludults (3.1%), Typic Udivitrands (2.9%), and Typic
Endoaquepts (7.2%). The soil types in the Sangharus watershed consisted of Andic Dystrudepts
(43.5%), Typic Dystrudepts (33.2%), Typic Hapludands (19.5%), and Typic Endoaquepts (3.7%).
The dominant soils in both watersheds were Andic Dystrudepts and Typic Dystrudepts, which are

categorized as Inceptisols.
2.2.2 Water sampling

In this study, water samples were collected from the main streams of the Sekampung Hulu
and Sangharus Rivers at two sites each (Figure 2.1) and TSS concentrations were subsequently
determined. All water samples were collected composite at a depth approximately 20-30 cm below

the water surface. At each site, the water samples were stored in bottle with size 250 ml. The water
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samples were kept in cool box with ice gel inside during transportation from sampling sites to the

laboratory.

Water sampling was conducted four times during the 2016 rainy season (once in October,
twice in November, and once in December). Additionally, data regarding TSS concentrations from
March to May 2016 were obtained from a previous study (Somura et al., 2019) to ensure a
comprehensive analysis. A well-mixed samples were filtered and the residue left in the filter was
dried in a universal oven (UN55, Memmert) at 105°C, and weighed with an analytical balance
(AUY220, Shimadzu). The TSS parameter was analyzed based on the methods proposed by the

American Public Health Association (1999).
2.2.3 Assessment of soil erosion

Soil erosion assessment for the Sekampung Hulu and Sangharus watersheds was conducted
using the USLE method (Wischmeier and Smith, 1978), which has been applied in several
previous studies focusing on the prediction of soil erosion in watersheds (Devatha et al., 2015;

Huang, 2018; Pham et al., 2018). The USLE equation is expressed as:
A=RXKXILS XCXP 1)
where A is erosion (Mg ha! year?), R is the rainfall erosivity factor (MJ mm hath?year?), K is

the soil erodibility factor (Mg ha h ha™* MJ™t mm™), LS is the slope length factor (dimensionless),

C is the crop factor (dimensionless), and P is the soil management factor (dimensionless).
2.2.3.1. Rainfall erosivity factor (R)

Daily precipitation data were obtained from the Batutegi Dam station for the periods 1998—

2010 and 2013-2016 (DGOMWRMS, 2017) and used to calculate R using the Bols equation (Bols,

21



1978). This equation was developed from precipitation data for Indonesia spanning a period of 38

years. The Bols equation is expressed as:
R,, = 6.119(Rain)'?! x (Days)™%*7 x (MaxP)%>3 (2)

where Rn, is the monthly erosivity factor, Rain is the total monthly rainfall (cm), Days is the number
of rainfall days in a particular month, and MaxP is the maximum rainfall in a particular month

(cm).
2.2.3.2.  Soil erodibility factor (K)

K reflects the sensitivity of soil characteristics to erosion. In this study, K was calculated

from the following equation (Renard et al., 1997; Wischmeier and Smith, 1978):

100K = (2.71 x MM4(10™%)(12 — OM) + 3.25(s—2) + 2.5(p — 3))/7.59  (3)

where M is (percentage of very fine sand + silt) x (100 — percent clay), OM is the percentage of
organic matter, s is the soil structure code, and p is the soil permeability code. The soil properties

for the study area were obtained from ICALRD (2016) and primary sampling.
2.2.3.3.  Topographic factor (LS)

LS consists of the slope-length factor (L) and the slope steepness factor (S) and represents
topographic impacts on the soil erosion rate. Several methods have been suggested to estimate LS
(Mitasova, et al, 1996; Moore and Wilson, 1992; Wischmeier and Smith, 1978). In this study, LS
was estimated using the System for Automated Geoscientific Analyses (SAGA), which uses the
digital elevation model from the NASA Shuttle Radar Topography Mission (spatial resolution =

30 m). LS was calculated based on the equation provided by Desmet and Govers (1996):

_ (Ajjoin + DO AT
Lj= (4)

DM+2 Xi"]! x 22.13M
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where L; ; is the slope length factor for the grid cell with coordinates (i,j), 4;;-i, is the
contributing area at the inlet of the grid cell with coordinates (i,j) (m?), D is the grid cell size (m),
m is the slope length exponent, X; j issin a; ; + cos a; j (a;; is the aspect direction for the grid

cell with coordinates (i,j)). Further,

_ B
m= Gy ®)
sin 6
ﬁ — 0.0896 (6)

3 xsin@%8 + 0.56

where f is the ratio of rill erosion to interrill erosion and © is the angle of the slope (degrees).

Calculation of LS was limited to a slope of 50% or 26.6°. Liu et al. (2000) stated that the
slope length exponent did not increase for slope steepness ranging from 40-60%. A previous study
limited the slope gradient to 50% during calculation of LS to determine soil erosion in Europe

(Panagos et al., 2015).
2.2.3.4. Crop and Management factor (CP)

The CP value combines two factors found in equation (1): crop (C) and management (P)
factors. The C factor represents the influence of cover crop type and the P factor represents the
influence of soil management practices. For some land use categories, such as agroforestry and
shade coffee, C and P values were hard to distinguish separately because these land uses combine
both elements simultaneously. Thus, a conjoined CP value was employed for this study. CP values
range between 0 and 1, with 0 indicating good vegetation ground cover and a well-protected soil
surface and 1 indicating no vegetation cover and no soil management practices. Values close to 0

indicate good crop and soil conservation practices, which could reduce the rate and influence the
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direction of runoff and subsequently decrease soil erosion. Forests and young coffee were
considered to have P factor values of 1 because no soil conservation practices were implemented

for these land-use types in the target watersheds.

In this study, the assigned CP value was 0.001 for forest areas and 0.005 for agroforestry
coffee, which was based on the value for forests with low litter (Hamer, 1980). As forests and
agroforests have similar above-ground vegetation coverage, soil erosion rates are not significantly
different between these land-use types (Kusumandari and Mitchell, 1997). The assigned CP values
for young coffee and shade coffee were 0.3 and 0.1, respectively, based on a report from Roose
(1976). Young coffee has less canopy and ground vegetation development than shade coffee, while
shade coffee has better coverage because of the inclusion of shade trees. The assigned CP values

for stream channels in the Sekampung Hulu and Sangharus watersheds were 0.
2.2.3.5. Impacts of BMPs

Continuous soil erosion contributes to soil degradation, which reduces land productivity.
The application of BMPs can potentially decrease soil erosion in the study area. In particular,
BMPs can reduce nonpoint source pollution from coffee plantations. The following simulation

scenarios were developed in this study to understand the implications of BMPs:

(1) Converting shade coffee and young coffee to agroforestry coffee.

(2) Converting young coffee to shade coffee with subsequent application of cover crop to shade
coffee. The P value of cover crop was obtained from Roose (1976) (Table 2.1).

(3) Converting young coffee to shade coffee with subsequent application of contour cropping to
shade coffee. The contour system was divided into slopes of 0-8%, 8-20%, and > 20%

according to the P values obtained from Hamer (1980) (Table 2.1).
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Table 2.1 Soil management factor (P) values.

Conservation Practice P factor value

Cover crop 0.1#
Contour cropping, slope gradient 0-8% 0.5°
Contour cropping, slope gradient 8-20% 0.75°
Contour cropping, slope gradient > 20% 0.9°
None 1P
aRoose (1976)

bHamer (1980)

In all scenarios, the conditions for forests and agroforestry coffee were not changed
because these land-use types were well-managed. Therefore, the simulations were only applied to
shade coffee and young coffee areas. In scenarios 2 and 3, young coffee was converted to shade
coffee, and subsequently all shade coffee areas were simulated with soil conservation techniques.

Besides that, there was control scenario that simulate young coffee growths become shade coffee.

The agroforestry system scenario was applied in this study because the original land use
was forest. Because the agroforestry system has multistory trees, providing nearly the same
conditions as forest, applying this scenario could conserve ecosystems and support farmers’
economic circumstances. Scenarios converting young coffee to shade coffee were also applied
because these land uses were dominant in both watersheds. Subsequent applications of cover crops
and contour cropping were simulated to achieve increased protection with respect to runoff and

soil erosion.
2.2.3.6.  Application of GIS techniques

Soil erosion was predicted by overlaying raster layers for the R, K, LS, and CP factors in
ArcGIS 10.4.1. All layers were divided into 30 m grids and all maps were characterized by the
WGS 1984 UTM zone 48S projection. Subsequently, soil erosion values were calculated in the

raster module.
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2.2.4. Statistical analyses

The statistical analyses for water samples collected from the two rivers were conducted
using SPSS software (Version 17.0). Descriptive data analysis included reporting of means and
standard errors. The Mann-Whitney U Test was conducted to determine statistically significant
differences in the TSS values of the Sekampung Hulu and Sangharus Rivers. A significance value
lower than 0.05 indicates significant differences in the water quality of the two rivers at the 95%

confidence interval.
2.3.  Results
2.3.1.  Water quality

The Sekampung Hulu River displayed higher TSS concentrations in contrast to the
Sangharus River (Table 2.2). The maximum TSS concentrations in the Sekampung Hulu and
Sangharus Rivers were 813 mg L™ (March 26, 2016) and 146 mg Lt (Nov 20, 2016), respectively,
while the minimum concentrations were 36 mg L™ (April 23, 2016) and 16 mg L™ (April 23,
2016), respectively. Further, as indicated in Table 2.2, the mean and standard error of TSS
concentrations in Sekampung Hulu and Sangharus Rivers were 228 + 87.5 and 69.3 = 15.2,
respectively. Statistical analysis indicated that the mean TSS concentration for the Sekampung

Hulu River was significantly higher than that for the Sangharus River.
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Table 2.2 Concentrations of total suspended solids (TSS) in the Sekampung Hulu and Sangharus

rivers.
Date TSS Concentration (mg L ™)
Sangharus River Sekampung Hulu River
3/26/2016* 80 813
4/10/2016* 71 144
4/23/2016* 16 36
5/8/2016* 31 196
10/23/2016 62 89
11/6/2016 38 80
11/20/2016 146 220
12/4/2016 110 246

*source: Somura et al. (2019)

2.3.2. Erosion assessment
2.3.2.1. Rainfall erosivity factor (R)

Rainfall erosivity is one of the climatic factors influencing hydrological properties within
a watershed. Daily precipitation data were provided by the Batutegi Dam station for a period of 17
years and were utilized to estimate R. The estimated R value for both Sekampung Hulu and

Sangharus watersheds was 1433.5.
2.3.2.2.  Soil erodibility factor (K)

The K factor is affected by the diversity of soil types and their parameters. Therefore, the
K factor map was extracted from the soil type map (ICALRD, 2016). The Sekampung Hulu
watershed indicated seven values for K ranging from 0.0007-0.0341, of which the most prevalent
K value was 0.0341, accounting for 30.6% of the area. Similarly, the K value for the Sangharus
watershed comprised four values, of which 0.0103 was the most prevalent with a coverage of

43.5%. The distribution of K is presented in Figure 2.4a and Table 2.3.
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Table 2.3 Soil types and soil erodibility.

Soil Type Soil Erodibility Factor (K)
Typic Dystrudepts 0.0341
Typic Endoaquepts 0.0263
Typic Kanhapludults 0.0177
Typic Hapludox 0.0250
Andic Dystrudepts 0.0103
Typic Hapludands 0.0013
Typic Udivitrands 0.0007

2.3.2.3.  Topographic factor (LS)

The distribution of LS was determined using SAGA software and is presented in Fig. 2.4b.
The LS values ranged between 0-9.7. The LS ranges 0-2, 2-5, 5-7, and 7-9.7 corresponded to
38.3%, 39.2%, 12.2%, and 10.3% of the total Sekampung Hulu watershed area, respectively, and
36.9%, 45.8%, 10.4%, and 6.9% of the total Sangharus watershed area, respectively. These results
indicate that the percent area corresponding to LS value greater than seven was higher for the
Sekampung Hulu watershed than the Sangharus watershed, thus indicating higher potential erosion

rates.
2.3.2.4.  Crop and management factor (CP)

Vegetation cover and land management affect soil erosion rates, as represented by CP. The
distribution of CP was derived from the land use map (Figure 2.4c). The dominant CP value for
both watersheds was 0.1, corresponding to 34.3% and 66.3% of the total area for the Sekampung

Hulu and Sangharus watersheds, respectively.
2.3.2.5.  Erosion

The results indicate that erosion rates for both watersheds ranged from 0-142 Mg ha!
year*. Average soil erosion rates in the Sekampung Hulu and Sangharus watersheds were 12.5

Mg ha! yeartand 5.6 Mg ha! year?, respectively, while the standard deviations were 26.4 and
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12.3, respectively. The spatial distribution of erosion is presented in Figure 2.4d. Erosion rates
greater than 10 Mg ha* year corresponded to 21.8% and 15.5% of the total area for Sekampung
Hulu and Sangharus watersheds, respectively. These results indicate potential soil degradation in

the study area.
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Figure 2.4. Distribution maps for: (a) Soil erodibility factor (K), (b) Topographic factor (LS), (c)
Crop and Management factor (CP), and (d) Soil erosion.
2.3.2.6.  Simulation of BMPs

The simulation scenarios indicated that BMPs could effectively reduce soil erosion in the
following order (from highest to lowest reduction): scenario 1 > scenario 2 > scenario 3 (Figure

2.5). Scenario 1 focused on conversion of shade and young coffee to agroforestry coffee, with
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resulting average erosion rates for the Sekampung Hulu and Sangharus watersheds of 0.4 £ 0.5
Mg ha yeartand 0.3 + 0.4 Mg ha™ year™, respectively. Under this scenario, conversion to
agroforestry coffee effectively reduced soil erosion by 96.8% and 93.9% in the Sekampung Hulu

and Sangharus watersheds, respectively.
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Figure 2.5 Impacts of best management practice simulation scenarios: application agroforestry
(scenario 1), cover crops (scenario 2), and contour system (scenario 3) on soil erosion
rate in the Sekampung Hulu and Sangharus watersheds.

Scenario 2 focused on conversion of young coffee to shade coffee with cover crop and
resulted in an average soil erosion rate of 0.6 Mg ha™ year for both watersheds (with standard
deviations of 0.9 Mg ha* year and 0.7 Mg ha* year for the Sekampung Hulu and Sangharus
watersheds, respectively). Under scenario 2, soil erosion reduced by 94.9% and 89.8% in the
Sekampung Hulu and Sangharus watersheds, respectively. Scenario 3 was based on the application

of contour cropping and resulted low reduction in soil erosion. This scenario resulted in an average
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erosion of 4.1 + 7.8 Mg ha* year* and 3.9 + 6.6 Mg ha* year for the Sekampung Hulu and
Sangharus watersheds, respectively. Under scenario 3, adoption of the contour system effectively
reduced soil erosion by 67.1% and 29.7% in the Sekampung Hulu and Sangharus watersheds,

respectively.

Control scenario was based on the simulation young coffee growths become shade coffee
and resulted in the least reduction in soil erosion. This scenario resulted in an average erosion of
4.8 + 8.8 Mg ha! yeartand 4.7 + 7.5 Mg ha! year for the Sekampung Hulu and Sangharus
watersheds, respectively. Control scenario showed reducing of soil erosion by 61.9% and 16.4%

in the Sekampung Hulu and Sangharus watersheds, respectively.
2.4.  Discussion

The water quality analysis suggested that TSS concentrations in the Sekampung Hulu River
were significantly higher than in the Sangharus River, indicating that the Sangharus River
exhibited more optimal social forestry conditions. The USLE results indicated higher erosion in
the Sekampung Hulu watershed, which agreed with the TSS trends obtained from water quality

analysis.

A high soil erosion rate can be detrimental to environmental quality, especially if the
erosion rate is greater than the tolerable soil loss. The definition of tolerable soil loss is the amount
of soil erosion that does not lead to deterioration of soil functions, as long as soil erosion does not
exceed soil formation rate (Verheijen et al., 2009). The parameters that influence tolerable soil loss
are erosion rate, soil depth, social and economic scenario, evaluation of soil deterioration through
soil depth change (Sparovek and Jong Van Lier, 1997), and lifetime soil use (Sparovek et al., 1997).
The tolerable soil loss for Lampung is 10 Mg ha™* year* (Dariah et al., 2004). The average soil

erosion values for the Sekampung Hulu and Sangharus watersheds as estimated by the USLE
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method were 12.5 Mg ha™ year! and 5.6 Mg ha™ year?, respectively. While 78.2% of the
Sekampung Hulu watershed area had an erosion rate less than 10 Mg ha™ year™, the soil erosion
rates for the remaining area were greater than the tolerable soil loss. Similarly, 84.5% of the
Sangharus watershed area had a soil erosion rate lower than 10 Mg ha year, while the remaining

15.5% of the area had erosion rates greater than the tolerable soil loss.

Verbist et al. (2010) studied soil erosion at the plot scale and concluded that the erosion
rate in monoculture coffee plantations aged 3 to 5 years was 7-11 Mg ha* year, while that for
plantations older than six years was 4-6.3 Mg ha* year!. Afandi et al. (2002) concluded that the
soil erosion rate in two-year-old coffee plantations was 22.7 Mg ha* year*. However, the erosion
rate declined to 9.1 Mg ha year* and 4.8 Mg ha* year? during the third and fourth years of
growth, respectively. Widianto et al. (2004) studied soil loss in plots sized 10 m x 4 m with a slope
of 30°. The results suggested that coffee trees experience high erosion in the first and second years
of growth, that is, 33.6 Mg ha* year and 37.2 Mg ha ! year, respectively. However, the erosion
rate decreased for older coffee trees; the erosion rate in areas planted with seven-year-old coffee
trees was 7.1 Mg ha* year* while that for areas with 10-year-old coffee trees was 6.8 Mg ha!
yeart. However, areas in the Sumberjaya, Lampung, planted with monoculture coffee trees
younger than 3 years were found to have a lower soil erosion rate of 1.5 Mg ha* year* (Dariah et

al., 2004).

Young coffee trees likely contribute to the higher soil erosion in the Sekampung Hulu
watershed. According to Mr. Joni Ansonet (village head of Datar Lebuay), several local farmers
planted coffee trees in the Wana Tani Lestari and Mandiri Lestari HKm areas of the Sekampung
Hulu watershed from 2015-2016 (personal interview, 2019). The land-use type characterized by

young coffee trees offers less coverage than agroforestry coffee and shade coffee. Further, the
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erosion rates in different areas were influenced by the age of the coffee trees. Therefore, soil loss
due to erosion was higher in young coffee plantations (Widianto et al., 2004) due to less canopy
cover and ground-layer vegetation. The conditions of land use cover can be seen in Figure 2.6;
Figure 2.6d presents the poor surface cover conditions in coffee plantations less than one year old.
Older coffee trees exhibited larger canopies consisting of leaves, branches, and stems that reduce
the kinetic energy of rainfall. Subsequently, rainfall does not disperse soil aggregates in the top

layer. Preti (2013) reported that slope stability depends on vegetation type and differences in their

root characteristics and coverage.

Figure 2.6 Land use cover: (a) forest, (b) agroforestry coffee, (c) shade coffee, and (d) young
coffee.
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Physical soil characteristics, such as macropores and permeability, also affect soil erosion
rates (Dariah et al., 2003). The dominant soil type in Sekampung Hulu watershed was Typic
Dystrudepts (30.6%), which had the highest K value of 0.0341 (Table 2.3), indicating vulnerability
to soil erosion. Further, young coffee trees in this soil type constituted 11.3% of the total area for
the Sekampung Hulu watershed. The dominant soil type in the Sangharus watershed was Andic
Dystrudepts, which exhibited a lower K value of 0.0103. The lower K value of Andic Dystrudept
compared to Typic Dystrudept is due to higher organic matter and permeability. Verbist et al.

(2010) reported that the geological characteristics of lithology also influence the soil erosion rate.

Soil erosion rates are also affected by topography. High LS values ranging between 7-9.7
were estimated for 10.3% and 6.9% of the area for the Sekampung Hulu and Sangharus watersheds,
respectively. Presence of young coffee trees in areas with high LS values resulted in high soil
erosion rates. In addition, a high slope gradient indicated higher vulnerability to erosion (EI Kateb
et al., 2013). Therefore, erosion rates could be reduced by planting coffee on slope gradients less
than 30%; however, slope gradients ranging between 50-70% could be considered optimal for

agroforestry coffee characterized by good management practices (Sepulveda and Carrillo, 2015).

Analysis of BMP scenarios indicates that all scenarios could reduce soil erosion. Adoption
of agroforestry can reduce soil erosion (Sepulveda and Carrillo, 2015) through a well-developed
canopy system and supply of litter to the soil surface (Hairiah et al., 2006). Moreover, agroforestry
can also decrease pest attacks (Pumarino et al., 2015) and increase carbon stock (De Beenhouwer
etal., 2016). The simulation based on adoption of agroforestry indicated a reduction in soil erosion

by 96.8% and 93.9% in the Sekampung Hulu and Sangharus watersheds, respectively.

The planting of cover crops (e.g. Arachis pintoi, Calopogonium mucunoides, Peuraria

javanica) can reduce soil degradation by protecting the soil surface from rainfall, which can
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stimulate the breakdown of soil aggregates. The presence of cover crops in coffee plantations can
decrease soil erosion by lowering runoff velocity. Therefore, the scenario based on cover crop
adoption decreased soil erosion in the Sekampung Hulu and Sangharus watersheds by 94.9% and
89.8%, respectively. Cover crops can also increase the carbon stock of soils (Ladoni et al., 2016)
and improve available soil water (Pires et al., 2017). Messiga et al. (2015) reported that a
combination of cover crops and amendments could support biological, chemical, and physical soil

properties.

The contour system of soil conservation is based on planting trees according to elevational
contour lines. Simulation results indicated that the presence of a contour system could reduce soil
erosion by 67.1% and 29.7% in the Sekampung Hulu and Sangharus watersheds, respectively.
Further, implementation of a contour system could reduce runoff and soil erosion (Aflizar et al.,

2010; Alegre and Rat, 1996; Shi et al., 2004), especially in sloped areas.

Control scenario that simulated young coffee growths become shade coffee without
application BMP showed less effective compare with application BMP in reducing of soil erosion.
The simulation of BMP scenarios indicated that the adoption of agroforestry and cover cropping
would be more effective than the application of a contour system in reducing soil erosion. These
results are in agreement with Xiong et al. (2018) who reported that biological techniques of soil
conservation were more effective (up to 88%) than engineering techniques (like contour

application) in reducing soil erosion.

Scenario 1 and 2 did not show big difference in reduction soil erosion. Concerning
economic aspect, scenario 2 could give better income to farmers while supporting reduction of soil

erosion. Farmers could have larger area of coffee plantation therefore it will improve their income.
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In summary, adoption of agroforestry coffee is the most effective BMP for reducing soil
erosion. However, with concern to economic aspects, the scenario 2 should be suggested to local
farmers. Furthermore, it is crucial to raise awareness regarding the importance of this system,
especially with respect to both income generation and environmental conservation, to encourage

the adoption of cover crop among farmers.
2.5.  Conclusions

The implementation of social forestry policies, such as community forests and partnership
forests, in the Sekampung Hulu and Sangharus watersheds significantly altered land cover patterns.
Consequently, this will influence water quality in the rivers. This study assessed water quality

based on TSS concentrations in the two watersheds throughout 2016.

The Sekampung Hulu River was found to have significantly higher TSS concentrations
than the Sangharus River during the study period. The higher TSS in the Sekampung Hulu River
was aligned with the soil erosion assessment based on the USLE that indicated higher soil erosion
in the Sekampung Hulu watershed than in the Sangharus watershed. The higher erosion in the
Sekampung Hulu watershed was attributed to the higher presence of young coffee trees in the area.
The area occupied by young coffee trees was higher in the Sekampung Hulu watershed because
cultivation in the area was recently initiated by several new farmers. In the latest available Google
Earth images of the study area from July 2017 (Google Earth, 2017), some places were observed
to have even less vegetation, and the soil was visible. As three years have passed since this research
was conducted, the conditions in the Sekampung Hulu watershed may have improved in some
areas, because the canopy of young coffee trees and surface vegetation may now be more
developed, as several other studies have indicated (Afandi et al., 2002; lori et al., 2014; Widianto

et al., 2004). However, it is also possible that farmers have planted new young coffee trees in other
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parts of the watersheds after securing permission to use the land. Thus, it is very important to

disseminate the idea of BMPs to local farmers.

Adopting BMPs could minimize soil erosion that typically transports nutrients out of
topsoil. Lack of nutrients in soil can reduce coffee growth and productivity, thereby reducing yield.
Increasing coffee productivity is important because coffee provided the agricultural and forestry
sector in Lampung province with a value of US $435,288,000 in 2014 (Statistics of Lampung
Province, 2017a). Indonesia is now the fourth largest coffee producer in the world, after Brazil,
Vietnam, and Colombia (International Coffee Organization, 2019). To maintain high coffee crop
productivity in this area into the future, communicating with local farmers and suggesting simple
techniques to conserve the environment are crucial for the sustainable maintenance of forest

functions.

In this study, the adoption of agroforestry coffee systems, a relatively simple concept and
set of techniques, was the most effective BMP scenario for reducing soil erosion. However,
concerning to economic aspect, the adoption of cover crop was the better choice for farmers
because they could have higher income through larger area of coffee plantation and also contribute
in reducing soil erosion. The analyses of this study did not consider spatial and temporal land use
planning for next several years in the watersheds, because of lack of data. As a next step, this
information will be necessary to enter discussions with local farmers about young coffee tree

planting.

Additionally, high soil erosion rates can increase sedimentation in reservoirs and
subsequently reduce their storage capacities (Fu et al., 2008). The Batutegi Dam in the lower part
of the studied watersheds is multipurpose, irrigating an agricultural area of 660 km? and

contributing to hydroelectric power generation. Therefore, efficient land use management in the

37



watersheds upstream is essential to reduce sediment discharge from the rivers (Mehri et al., 2018)

and maximize dam functionality.

As a final word, the concept of “Social Forestry” is ideal to support local farmers and
produce products in protected forests with strict rules. On the operational side, new techniques that
combine multiple soil loss prevention methods were should provided, especially for areas with
steep slope. This information could be useful for the government as well, to accelerate the

improvement of watershed conditions and water quality.
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CHAPTER 3

Impact of human activities and natural processes on the seasonal variability of river water

quality in two watersheds in Lampung, Indonesia

3.1. Introduction

Indonesia has an estimated population of more than 266 million (National Development
Planning Agency et al., 2018) and thus its economic growth should be managed effectively to
ensure secure access to food, housing, education, and health. Population growth increases land use
demand for agriculture commodities (Angus et al., 2009) and results in forest exploitation,
particularly impacting communities nearby forested areas. Of particular environmental concern is
the illegal practice of forest conversion into agricultural land in forested areas that are easy to
access. Such practices result in accelerated soil erosion from increased land exposure (Tadesse et

al., 2017) and increased nutrient loss to rivers and streams (Zheng et al., 2005).

The Indonesian government issues regulations on social forestry to involve the local
community in sustainable forest management. These regulations support local economic growth
and provide equity for social welfare, and also maintains and protects forest ecosystem functions
(Ministry of Environment and Forestry, 2016). The community forestry (Hutan Kemasyarakatan,
Hkm) and forestry partnership (Kemitraan Kehutanan, mitra) regulations have been applied in
Tanggamus Regency in Lampung province. The farmers in this regency predominantly plant
coffee trees, as well as pepper, cacao, clove, and fruit trees (durian, avocado). Coffee is the largest
export from the agricultural and forestry sector in Lampung province, with a value US $

435,288,000 (Statistics of Lampung Province, 2017a) and a production of 131,501 ton (Statistics
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of Lampung Province, 2017b) in 2014. Furthermore, Indonesia is the fourth largest coffee producer

after Brazil, Vietnam, and Colombia (International Coffee Organization, 2019).

Coffee plantation requires fertilization to maintain yield and quality. Eleven years ago,
chemical fertilizers were not commonly applied in coffee plantations under the management of
social forestry in the Tanggamus Regency (Banuwa, 2008). However, due to lowered soil nutrient
availability following the conversion of forests to agricultural land (Neris et al., 2012), the
application of some chemical fertilizers was necessary to increase productivity. In particular, the
application of N-fertilizers has been found to increase coffee yield (Castro-Tanzi et al., 2012) and
improve bean quality (Vinecky et al., 2017). Stream water in forested areas are typically higher in
quality compared with rivers in other land use types (Kéndler et al., 2017). Excessive fertilizer
application can cause water quality degradation in rivers and/or reservoirs nearby agricultural land
(Tian et al., 2019). It is therefore necessary to monitor the water quality in nearby rivers and
reservoirs in order to determine the impacts of excessive fertilization as a result of social forestry

practices.

The links between water quality and land use have been studied in a number of watersheds
throughout the world (Bu et al., 2014; Lin et al., 2015; Meneses et al., 2015). A recent study
conducted from March to July 2016 in the study area detected clear differences in water quality
between the two adjacent watersheds and briefly analyzed relationship between land use and water
quality (Somura et al., 2019). The study identified that Sangharus River had higher nitrate (NO3)
while Sekampung Hulu River had higher total suspended solids (TSS), aluminum, and iron.
However, the seasonal patterns of river water quality have not yet been investigated in the area.
Moreover, detailed analyses for understanding the reason for the differences in water quality

between the watersheds have not been conducted. Seasonal climate variability plays an important
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role in water quality within ecosystems (Tuboi et al., 2018) as rainy and dry seasons can influence
river water quality. The dry season has higher total solids (TS) and biochemical oxygen demand
(BOD) because of low river discharges and increased industrial wastewater discharges, while in
the rainy season a higher NOs concentration is detected because of high runoff that transports

fertilizers (Mena-Rivera et al., 2017).

In this study, two adjacent watersheds were targeted, Sekampung Hulu and Sangharus, where
forested land has been predominantly converted into coffee plantations under social forestry
management. The Batutegi Dam is a water supply source for irrigation, drinking water, and nearby
power plants, and is located downstream of the rivers in the study area. Therefore, the hydrological
characteristics of the rivers can influence the reservoir function (Shivers et al., 2018). As social
forestry concept has also been adopted in other areas in Indonesia, management of water quality
environment under a social forestry system is essential to give information to stakeholders about
the sustainable use of mountainous areas. This study aimed to determine the seasonal water quality
characteristics through observations spanning one year and to identify the impacts of local fertilizer
application on river water quality in the watersheds. In addition, the reasons why clear differences
in water qualities were observed in the adjacent watersheds. Based on the results,

recommendations could be suggested for effective water quality management in these watersheds.
3.2.  Materials and Methods
3.2.1.  Study Area

The study area is located in the Sekampung Hulu (5°5°38” S, 104°30°34” E) and Sangharus
(5°15°58” S, 104°42°56” E) watersheds in Lampung province, Indonesia (Figure 3.1). The study
area of the Sekampung Hulu watershed covers 141.3 km? consisting of social forestry (137.6 km?)

and private land (3.7 km?). The study area of the Sangharus watershed covers 117.2 km?, and also
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consists of social forestry (106.7 km?) and private land (10.5 km?). With regards to the local

geology, the Sangharus watershed consist of 2% sandstones and tuff, 3.7% clay and sand deposits,

62.3% basaltic andesite tuff, and 32% pumice tuff. The Sekampung Hulu watershed consists of

7.2% clay and sand deposits, 1.9% granite, 2.9% schist, 57.8% basaltic andesite tuff, and 30.1%

pumice tuff (Indonesian Center for Agricultural Land

[ICALRD], 2016) (Figure 3.2A).
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The watershed topographies are characterized by mountain ranges and hills at elevations
ranging between 282 to 1767 m above sea level. The total annual precipitation in 2016 was 1294
mm (Directorate General of Operation and Maintenance Water Resources Mesuji Sekampung
[DGOMWRMS], 2017). The precipitation data for the study period (2016) and the 17-year
precipitation mean are illustrated in Figure 3.3. The study region is defined as climate type Af
(rainfall in the driest month at least 60 mm) based on the Koppen classification (Banuwa, 2008).
The study region is located in the tropics and therefore experiences rainy and dry seasons. In 2016,
the dry season in the Tanggamus Regency occurred between June—August, while the rainy season

occurred between January—May and September—December (Tim Katam Balitklimat, 2019).

Based on field observations and land use data analyses (National Land Agency, 2017),
(Figure 3.2B), the watersheds were predominantly covered by coffee trees. Commercial trees such
as pepper, cacao, clove, rubber, durian, and avocado were also identified. In addition, timber tree
species of high economic value, such as mahogany (Swietenia mahagoni) and sonokeling trees
(Dalbergia latifolia) were found. The land area in the Sekampung Hulu watershed consists of
33.9% agroforestry coffee, 34.3% shade coffee, 25.7% young coffee, 5.8% forests, and 0.3% rivers.
The land area in the Sangharus watershed consists of 25.6% agroforestry coffee, 66.3% shade
coffee, 3.3% young coffee, 4.6% forests, and 0.2% rivers. The land use of young coffee involves
coffee plantation in early growth and has less coverage condition. Shade coffee refers to coffee
plantations with shade trees such as Gliricidia sepium, Paraserianthes falcataria, and others.
Agroforestry coffee is multistory system that consists of coffee plantation with more than 5 other

tree species.
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Figure 3.3 Long-term 17-year mean precipitation (bars) and monthly precipitation for 2016 (line),
source from station Batutegi Dam, Directorate General of Operation and Maintenance
Water Resources Mesuji Sekampung ([DGOMWRMS], 2017).

3.2.2.  Water Sampling and Analyses

The water sampling sites in the Sekampung Hulu and Sangharus Rivers were located
downstream of the watersheds because of ease of accessibility (Figure 3.1). Water samples were
collected in 23rd October, 6th and 20th November, and 4th December, 2016. To determine the
water quality characteristics for the entire year, water quality data collected in 26th March, 10th
and 23rd April, 8th May, and 17th July, 2016 were compared from a previous study (Somura et
al., 2019). Water sampling from a previous study had the same locations as this study sampling
sites. Water quality parameters were analyzed, including calcium, potassium, magnesium, sodium,
chloride (CI), NOgz, phosphate (POs4), sulfate (SOa4), Al, Fe, silicon, water temperature, electric
conductivity (EC), dissolved oxygen (DO), and pH. Through the analyses, the circumstances of

water quality in the area can be understood and use the information to consider the effects of human

49



activities and natural processes on water quality characteristics. Water quality information can also

support recommendations to handle water quality issues in the study area.

All samples were taken composite at a depth approximately 20 — 30 cm below the water
surface in each vertical. At each sampling site, the water samples were collected of 250 mL in
bottle. Then, water samples were stored in cool box with ice gel when transported to the laboratory.
Water temperature, EC, DO, and pH were measured on site using a Horiba multi-parameter water
quality meter (U-53G, Horiba, Kyoto, Japan), a DO meter (Hanna Instruments HI 9142,
Woonsocket, United States), and a bench pH meter (Hanna Instruments HI 2550, Woonsocket, RI,

US), respectively.

Other parameters were analyzed according to the available methods and equipment in the
laboratory. All water samples were filtered by a 0.20 pum cellulose acetate membrane filter
(Advantec Dismic- 25CS, Japan) before analyses process. Ca, K, Mg, Na, Cl, NOz, PO4, and SO4
were measured by ion chromatography (Dionex ICS-1600, Sunnyvale, CA, US) and Al, Fe, and
Si were analyzed by inductively coupled plasma atomic emission spectroscopy (ICPE-9000,

Shimadzu, Kyoto, Japan).
3.2.3.  Survey of local fertilizer application

Information regarding fertilizer application in the Sekampung Hulu and Sangharus
watersheds was conducted via a questionnaire to local farmers because no statistical information
related to this aspect was available in the area. In addition, there are many advantages to
understanding the local manner of farming activities through direct communication because
chemicals contained in fertilizers are a key parameter determining water quality characteristics.
The questions were framed to obtain information regarding the amount of fertilizer applied, kinds

of fertilizers applied, and the schedule of fertilizer application. Each watershed contains a habitat
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of approximately 2,500 farmers. A number of 93 farmers in each watershed was surveyed based
on the total number of farmers, a confidence level of 95%, and a margin of error of 10%. The
respondents were categorized as farmers of private land tenure, farmers of HKm, and farmers of
mitra. The dominant crop in the study area is coffee. Area size of farmers’ fields ranges 0.25-6 ha

with the predominant size being 1-2 ha.

The social forestry farmers selected in the Sekampung Hulu watershed for the survey were
grouped as follows: HKm Sinar Harapan, HKm Wana Tani Lestari, Hkm Mandiri Lestari, HKm
Bina Wanajaya 1, and HKm Bina Wanajaya 2. The farmers in the Sangharus watershed were
grouped as follows: private land tenure, Hkm Sidodadi, HKm Trisno Wana Jaya, HKm Karya Tani
Mandiri, HKm Sinar Harapan, and mitra Sumber Rejeki. As Hkm Sinar Harapan is located both in
the Sekampung Hulu and Sangharus watersheds, the respondents were surveyed for both

watersheds.
3.2.4.  Statistical Analysis

The water quality data and fertilizer application survey were statistically evaluated. The
application of an independent samples t-test or a Mann-Whitney U-test were conducted based on
normality distributions. These statistical analyses were performed to determine the significant
difference of water quality in the two rivers and fertilizer application amount in the two watersheds.
The application of a one sample t-test can determine the seasonal variability of water quality. The
one sample t-test was conducted to compare a single data observation in the dry season with that
of the mean sample in the rainy season in order to determine the significant differences. Statistical
analyses were conducted using Statistical Product and Service Solutions (SPSS) 17.0 software

(SPSS Inc, 2008). SPSS is user friendly and widely used throughout the world.
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3.2.5.  Uncertainties and shortcomings of the study

Water samples were not collected every month at the target sites. Thus, sampling humbers
of stream water may not be sufficient to show the level of water concentrations in the watersheds,
though differences in water quality characteristics can be understood through this study. Besides
this, as the sampling was conducted only downstream because of low accessibility to the
mountainous streams, and no observations were conducted along the rivers from middle to upper
streams, this research is not able to discuss any trends in water concentrations along the rivers from

upstream to downstream in the watersheds.

In addition, the characteristics of seasonal variability of water quality are affected by the
climate condition of EI Nifio or La Nifia. Normally, the dry season in the study area is from June
to September, but in 2016, the season was shorter, and was from June to August (Figure 3.3).
Moreover, the application of fertilizer may vary across years depending on farmers’ preference for
applying fertilizer and their financial conditions. Thus, climate variability and farmers’ decisions

will also affect stream water quality.

To collect information on fertilizer application, the survey was conducted in such places as
farmers’ homes, fields, and pathways. Hence, accurate location of all respondents’ land tenure was
difficult to identify on the map. This means it is difficult to understand the exact location of
farmland to which amounts of fertilizer are being applied. Increasing the number of respondents
and surveys to all farming groups will provide more detailed information. Accumulation of
knowledge through long-term observation of water qualities and local surveys should be conducted

in future for a comprehensive understanding of water quality circumstances in the watersheds.
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3.3.  Results
3.3.1.  Water Sampling

Results from statistical analyses data showed that Ca, K, Mg, Na, Si, Cl, NOs, PO4, and
S04 concentrations were significantly higher in the Sangharus River relative to the Sekampung
Hulu River (Table 3.1). By contrast, Fe concentrations were significantly higher in the Sekampung
Hulu River (0.53 +0.19 mg L) relative to the Sangharus River (0.27 +0.22 mg L ™). Al, DO, EC,

pH, and water temperature showed no significant difference between the two rivers.

Seasonal patterns of Ca, K, Mg, Na, Si, Cl, and PO4 concentrations were significantly
higher in the dry season (July) for both rivers (Figure 3.4, Table 3.2) relative to the rainy season.
NOs concentrations were lower in the dry season for both rivers with concentrations of 0.23 mg
Lt in Sekampung Hulu River and 0.58 mg L in Sangharus River. SO4 concentrations in the
Sangharus River were higher in the dry season (7.66 mg L) but showed no significant difference
in concentration between the rainy (1.16 mg L) and dry seasons (0.97 mg L) in the Sekampung
Hulu River. Similarly, the results showed no significant difference in the seasonal patterns of Al
and Fe concentrations in both rivers. The pH and EC were lower in the dry season for both rivers.
The pH value in dry season in Sekampung Hulu River and Sangharus River were 6.01 and 6.37,
respectively, and EC concentrations in dry season in Sekampung Hulu River and Sangharus River
were 5.20 mS cm™ and 12.60 mS cm™?, respectively. DO was higher in the dry season for both
rivers with concentrations of 7.29 mg L™t in Sekampung Hulu River and 6.73 mg L™ in Sangharus
River. Water temperature in the Sangharus River was higher during the rainy season (28.38 °C),
while the water temperature in the Sekampung Hulu River showed no significant difference

between the two seasons (27.31°C in dry season and 28.35°C in rainy season).
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Table 3.1 Statistical parameters of water quality concentrations in the Sekampung Hulu and

Sangharus Rivers.

Parameters River Mean + SD P value
N1 Sangharus 0.43+0.48 0.052
Al (mg L) Sekampung Hulu 0.93+0.52
N1 Sangharus 5.91+1.48 0.000***
Ca(mg L™) Sekampung Hulu 2.16 £ 0.71
N1 Sangharus 1.12 £ 0.05 0.000***
Cl(mg L) Sekampung Hulu 0.91 £0.08
1y 2 Sangharus 5.84 + 0.47 0.965
DO (mg L7) Sekampung Hulu 6.08 + 0.97
N1 Sangharus 43.44 + 24,75 0.078
ECMSem™)™  gorampung Huly 26.12 +9.90
N1 Sangharus 0.27£0.22 0.015*
Fe (mg L™) Sekampung Hulu 0.53+£0.19
1 Sangharus 1.96 £ 0.34 0.001**
K{(mg L") Sekampung Hulu 1.36 £ 0.29
N1 Sangharus 2.16 £ 0.63 0.000***
Mg (mg L) Sekampung Hulu 0.65 £ 0.24
N1 Sangharus 6.63 £ 1.55 0.000***
Na (mg L") Sekampung Hulu 3.40+0.46
N1 Sangharus 1.08 £ 0.25 0.000***
NOsz (mg L) Sekampung Hulu 0.58 £ 0.21
Hl Sangharus 7.99 +0.98 0.368
P Sekampung Hulu 7.60 + 0.82
N2 Sangharus 0.18+0.11 0.003**
POs (mg L ™) Sekampung Hulu 0.04 +0.05
. 1 Sangharus 26.71 £ 4.83 0.000***
Si(mgL™) Sekampung Hulu 15.21 £2.15
12 Sangharus 472 £1.46 0.000***
S04 (mg L7) Sekampung Hulu 1.14 +0.33
Water Temperature Sangharus 28.13+1.99 0.965
(°C)2 Sekampung Hulu 28.23+1.79

* Significant p value 0.05, ** significant p value 0.01, *** significant p value 0.001, SD = standard deviation, *
= independent samples t-test, 2= Mann-Whitney U-test. Legend: Cl, chloride; DO, dissolved oxygen; EC, electric

conductivity; NOg, nitrate; PO4, phosphate; SO, sulfate.
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Figure 3.4 Water quality comparisons between the Sekampung Hulu and Sangharus Rivers.
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Table 3.2 Seasonal patterns of water quality concentration between the rainy and dry seasons.

Parameters River Mean £ SDin  Concentrationin P value
rainy season dry season
Al (mg LY Sangharus 0.45+0.51 0.25 0.311
Sekampung Hulu 0.93+0.56 0.87 0.761
Ca(mg LY Sangharus 553 +1.04 8.89 0.000***
Sekampung Hulu 2.01 £0.59 3.35 0.000***
Cl (mg LY Sangharus 1.11+0.03 1.25 0.000***
Sekampung Hulu 0.89 £ 0.06 1.06 0.000***
1 Sangharus 5.73+0.36 6.73 0.000***
DO(MIL™)  gopampung Hulu ~ 5.93 *0.91 7.29 0.004**
EC (mS cmY) Sangharus 47.30 £ 23.39 12.60 0.004**
Sekampung Hulu 28.74 £ 6.46 5.20 0.000***
Fe (mg L)) Sangharus 0.27 £0.23 0.23 0.614
Sekampung Hulu 0.52+0.21 0.60 0.336
K (mg L) Sangharus 1.87+£0.22 2.70 0.000***
Sekampung Hulu 1.28 +0.22 1.87 0.000***
Mg (mg L) Sangharus 1.99+0.41 3.48 0.000***
Sekampung Hulu 0.59+0.18 1.10 0.000***
Na (mg L) Sangharus 6.26 £ 1.14 9.62 0.000***
Sekampung Hulu 3.30£0.36 4.22 0.000***
1 Sangharus 1.14+£0.17 0.58 0.000***
NOs (mg L) Sekgmpung Hulu  0.64+0.16 0.23 0.001**
H Sangharus 8.19+0.82 6.37 0.000***
P Sekampung Hulu 7.80 £ 0.60 6.01 0.000***
PO, (mg L) Sangharus 0.15+0.07 0.42 0.000***
Sekampung Hulu 0.03+£0.03 0.14 0.000***
Si (mg L) Sangharus 25.50 £ 341 36.40 0.000***
Sekampung Hulu 14.65 + 1.44 19.70 0.000***
1 Sangharus 4.35+1.02 7.66 0.000***
S04 (mg L7) Sekgmpung Hulu 1.16 £ 0.34 0.97 0.156
Water Sangharus 28.38 +1.98 26.20 0.017*
Temperature (°C) Sekampung Hulu 28.35+1.88 27.31 0.162

*Significant p value 0.05, **Significant p value 0.01, ***Significant p value 0.001

3.3.2.  Fertilizer Application

Fertilizers used by farmers in each watershed are summarized in Table 3.3 based on the
questionnaire survey. In the Sekampung Hulu and Sangharus watersheds, farmers applied
inorganic fertilizers such as urea (N 46%), phonska fertilizer (N 15%, P>Os 15%, K>O 15%, S

10%), mutiara fertilizer (N 16%, P20s 16%, K20 16%, MgO 0.5%, CaO 6%), and triple super
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phosphate (TSP) fertilizer (P20s 45%, Ca 15%). Furthermore, farmers in the Sekampung Hulu
watershed also applied super phosphate (super fosfat or SP-36) (P20s 36%, S 5%), ammonium

sulfate (amonium sulfat or ZA) (N 21%, S 24%), and KCI (K20 60%) fertilizers.

Table 3.3 Types and number of fertilizers applied in the watersheds.

Fertilizer Fertilizer use by number of respondents
Sangharus Watershed Sekampung Hulu Watershed

Urea 63 62
Phonska 44 54
Mutiara 7 8
TSP 1 3
SP-36 0 5
ZA 0 2
KCI 0 1

Legend: TSP, triple super phosphate; SP-36, super phosphate (super fosfat); ZA, ammonium sulfate (amonium sulfat).

Based on the survey, it was determined that urea application was significantly higher in the
Sangharus watershed (166.8 kg ha™?) relative to the Sekampung Hulu watershed (120.3 kg ha™?),
as noted in Table 3.4. By contrast, the application of mutiara and phonska fertilizers showed no
significant difference in both watersheds. TSP, SP-36, ZA, and KCI fertilizers in the Sangharus
watershed were not detected in the independent samples t-test and The Mann-Whitney U-test due

to their small number or complete absence in the dataset.

Table 3.4. Urea, mutiara, and phonska applications in Sangharus and Sekampung Hulu watersheds.

Fertilizer Watershed Application rate P value
Mean + SD (kg ha®)
Urea gzgrmagﬂzg Hulu 1282 i 12;? 0.002*
Mutiara gzgrmagﬂzg Hulu 933.791;13480.59 0.908
Phonska S ampung Hul 1003 + 826 021

* Significant p value 0.01. All the tests were conducted by Mann-Whitney U-test.
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The annual schedule of fertilizer application had varied between the farmers (Figure 3.5).
The recommendation for minimum fertilizer application is twice a year at the beginning and end
of the rainy season (Ministry of Agriculture, 2014). However, most farmers applied fertilizers once
a year rather than twice a year. Altering the timings at which fertilizers are applied can have large
impacts on stream water quality. Fertilizers applied in the middle of the rainy season are likely to
degrade water quality, while splitting fertilizer application between the beginning and end of the
rainy season is beneficial, as coffee trees have a longer duration to absorb nutrients. Furthermore,
precipitation at the beginning and end of the rainy seasons is typically lower in intensity compared

to that in the middle of the rainy season, allowing for lower fertilizer concentrations in surface

runoff.
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Figure 3.5 Seasonal schedule of fertilizer application in the Sangharus and Sekampung Hulu
watersheds based on the number of farmers.
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3.4.  Discussions
3.4.1. Fertilizer and land use effects on water quality characteristics

The concentration of NO3 was significantly higher in the Sangharus River relative to the
Sekampung Hulu River. This trend correlates with urea fertilizer application. Farmers apply
nitrogen fertilizers to increase coffee bean quality (Vinecky et al., 2017). Farmers in the Sangharus
watershed applied significantly higher amounts of urea fertilizer (166.8 kg ha™?) relative to the
Sekampung Hulu watershed (120.3 kg hat). Higher concentrations of NO3 and nitrogen in stream
water of watersheds in Czech Republic, Germany, and China have been linked to fertilization in

agricultural land (Bu et al., 2014; Kandler et al., 2017).

The application of phonska and mutiara fertilizers did not statistically vary between both
watersheds (Table 3.4), but K, Ca, Mg, PO4, and SO4 were significantly higher in the Sangharus
River relative to the Sekampung Hulu River (Table 3.1). However, the fertilizer doses of phonska
and mutiara fertilizers in the Sangharus watershed (122.1 kg ha* and 94.7 kg hat) was slightly
higher than the Sekampung Hulu watershed (109.3 kg ha™ and 48.9 kg ha™?). Shade coffee
agricultural fields in the Sangharus watershed covered 66.3% of the total land use, which was
significantly higher than the Sekampung Hulu watershed (34.3%). As such, the agricultural fields
in the Sangharus watershed required higher levels of fertilizer application to maintain agricultural
fertility. Higher concentrations of SO4 in agricultural lands have been associated with higher
fertilizer application (Bahar et al., 2008). Mg concentrations have also been correlated with

agriculture land use (Rothwell et al., 2010) due to fertilizer application.
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3.4.2.  Additional factors controlling stream water quality

Parent material can also influence water quality in the Sangharus River by increasing K,
Ca, Mg, and Na concentrations. The concentrations of K, Ca, Mg, and Na could get influence from
basic volcanic parent materials (Anda et al., 2015). As the Sangharus watershed predominantly
consists of larger basaltic andesitic tuff, chemical weathering of this parent material can release

higher amounts of K, Ca, Mg, and Na nutrients to the rivers in this watershed.

The concentration of Si in the Sangharus River varied from 20.9 to 36.4 mg L~! compared
to 12.1 to 19.7 mg Lt in the Sekampung Hulu River, with peak concentrations in the dry season.
Research in Java in Indonesia demonstrated higher Si availability in areas with parent material
consisting of tuff and volcanic ash rather than clay sediment (Husnain et al., 2008). The parent
material in the Sangharus watershed is dominated by 62.3% basaltic andesitic tuff relative to
57.8% basaltic andesitic tuff in the Sekampung Hulu watershed, which is likely a cause of the
higher observed Si concentrations in the Sangharus River. Furthermore, pumice tuff—which is
high in SiO2 (Papadopoulos et al., 2008)—contributed 32% of the parent material in the Sangharus

watershed, while the contribution of pumice tuff in the Sekampung Hulu watershed was 30.1%.

In this study, the Fe concentrations in the Sekampung Hulu River were significantly higher
than those in the Sangharus River (Table 3.1). Al concentrations in both rivers were not
significantly different but the concentrations were slightly higher in the Sekampung Hulu River.
The soil pH in the Sekampung Hulu and Sangharus watersheds was found to be acidic, ranging
4.18-5.11 (Banuwa, 2008). Acidic soil influences the mobility of Al and Fe cations in soil. Al and
Fe concentrations are derived from the weathering of parent material (J. Wang et al., 2017) and
are higher in concentration in acidic relative to basaltic rocks (Anda et al., 2015). Higher Fe and

Al in the Sekampung Hulu River compared to the Sangharus River is likely due to the watershed’s
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lower basaltic content relative to the Sangharus watershed (Figure 3.2). Additionally, the higher
Al and Fe concentrations also result from erosion (Chanpiwat and Sthiannopkao, 2014), which is
supported by higher concentrations of total sediment solids in the Sekampung Hulu River relative

to the Sangharus River (Somura et al., 2019).

Anthropogenic activities in the Sekampung Hulu and Sangharus watersheds also affect
water quality because people use streams for washing, bathing, and toilet facilities. In addition,
human population density influences NOs and Cl concentrations through the amount of human
waste. Mayo et al. (2019) have stated that human waste could contribute to the NOs load in the
river, while Cl concentrations in rivers could be influenced by human waste, fertilizer, livestock
waste, and seawater aerosols (Kelly et al., 2012). In particular, treated wastewater has been found
to influence CI concentrations in stream water (Kelly et al., 2010). As sodium chloride (NaCl) is a
significant food ingredient, chlorides tend to accumulate in stream water via human waste.
Furthermore, there are no human waste treatment facilities in the two watersheds, and thus human
waste is directly transferred to the rivers. The NOz and CI concentrations are significantly higher
in the Sangharus River compared to the Sekampung Hulu River, possibly due to the higher
population in the Sangharus watershed relative to the Sekampung Hulu watershed as the Sangharus
watershed has a larger area of private land. Furthermore, Cl concentrations in rivers are also
influenced by precipitation derived from seawater aerosols, as regions closer to the ocean tend to
have higher CI concentrations in precipitation relative to mid-continental regions (National
Atmospheric Deposition Program [NADP], 2015). The relative proximity of the Sangharus
watershed to the sea (56 km) compared to the Sekampung Hulu watershed (72 km) might be the

cause of the higher CI concentrations in the Sangharus River.
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3.4.3.  Trends in seasonal water quality characteristics

The impact of agricultural land use on water quality can vary between the rainy and dry
seasons (Shi et al., 2017; Yu et al, 2016). The concentration of NOs in stream water depends both
on the amount of runoff and the rate of fertilizer application in agricultural land (Khan and
Mohammad, 2014). The concentration of NOz is typically higher in the rainy seasons (Shi et al.,
2017) due to increased runoff. Urea fertilizer application in both watersheds is predominantly
scheduled during the rainy season, which further adds to the increased NO3s concentrations in
stream water (Figure 3.5). Because of less runoff, the concentration of NO3z was lowest during the
dry season in both the Sangharus and Sekampung Hulu Rivers at 0.58 and 0.23 mg L7,
respectively, which is in agreement with previous research in Tanzania (Selemani et al., 2018).
Further, lowered NO3s concentration during the dry season influences biological activity and

denitrification processes, which further reduces NO3 concentrations (House et al., 2001).

The concentration of PO4 in both rivers was significantly higher in the dry season (Figure
3.4, Table 3.2). This observation is also consistent with high phosphorus values reported during
the dry season in Kenya (Mokaya et al., 2004). Higher PO4 concentrations may be due to lower
water discharge and therefore lower dilution of PO4 during the dry season (Alvarez-cabria et al.,
2016). In contrast, the dilution effect during the rainy season would reduce PO4 concentrations.
The dilution effect during the rainy season also influences the concentrations of K, Ca, Mg, Cl,

Na, and Si, which were also lower in the rainy season relative to the dry season in both rivers.

SO4 concentrations in the Sangharus River were also lower in the rainy season, likely
caused by the dilution effect under high discharge. In contrast, SO4 concentrations in the
Sekampung Hulu River showed no significant difference between the rainy and dry seasons. The

lack of variability in sulphate concentrations may be due to the larger variety of fertilizers applied
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in the Sekampung Hulu watershed (phonska, SP-36, and ZA), which include fertilizers containing
sulfur. Thus, SO4 concentrations during the rainy season are likely to become less diluted in the

Sekampung Hulu River.

EC was higher during the rainy season, which was likely due to higher nitrate fertilizer
application and increased runoff from agricultural land. Yakovlev et al. (2015) have showed a
correlation between NO3s concentration and EC. Similar observations in EC trends were also
reported in a previous study (Shi et al., 2017) that showed that EC was higher in the rainy season
compared to the dry season. Water temperature in the Sangharus River was lower in the dry season
compared to the rainy season, possibly because of groundwater effects. Silva et al. (2011) have
stated that the dry season has lower stream water temperature than the rainy season predominantly

because of groundwater contributions.

It is likely that the lower water temperatures during the dry season in this study increased
the DO levels in the stream water (Xu et al., 2019), as oxygen is more soluble in colder
temperatures. Gandaseca et al. (2011) have stated that oxygen dissolves more easily in water with
low temperatures compared to warm water. Lower water temperatures and higher DO
concentrations were observed in the dry season in both the Sangharus and Sekampung Hulu Rivers.
The pH was higher in the rainy season (8.19 in the Sangharus River and 7.80 in the Sekampung
Hulu River) compared to that in the dry season (6.37 in the Sangharus River and 6.01 in the
Sekampung Hulu River) and was likely influenced by increased pollution (such as detergent,

fertilizer) from human activities in the study area under high discharge/runoff.
3.4.4. Water quality status and recommendations to improve water quality

The water quality parameter standards were available for pH, Cl, SO4, Na, NOs, Al, and

Fe. There are guidelines for those parameters which if have concentration above recommendation
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level will cause health problem or aesthetics problem in drinking water. pH concentration in both
rivers does not exceed maximum contaminant level. Usually, pH found in ranges 6.5-8.5 (United
States Environmental Protection Agency [USEPA], 2009). Cl and SO4 concentrations were below
maximum contaminant level of 250 mg L™ (USEPA, 2009). The Na concentration in both rivers
are below the threshold value of 200 mg L™ (WHO, 2017) which beyond that value will distract

the taste.

The converting of NO3 to NOs-N resulted in 0.24 mg L™! and 0.13 mg L* NOs-N in the
Sangharus River and the Sekampung Hulu River, respectively. These NO3-N concentrations were
below the United States Environmental Protection Agency (USEPA) national primary drinking
water standard (USEPA, 2009) and the recommended level from the Ministry of Health of the
Republic of Indonesia for sanitation hygiene of 10 mg L™ (Ministry of Health Republic Indonesia,
2017). However, Fe concentrations of 0.53 mg Lt in the Sekampung Hulu River exceeded the
maximum national secondary USEPA level of 0.3 mg L™t (USEPA, 2009). Furthermore, the Al
concentrations in both the Sangharus and Sekampung Hulu Rivers were 0.43 mg L and 0.93 mg
L, respectively, and exceeded the national secondary USEPA’s maximum recommended Al level

of 0.05-0.2 mg L%,

The adoption of soil conservation techniques could reduce contaminant flow to water
streams, as Al and Fe concentrations are influenced by soil erosion (Chanpiwat & Sthiannopkao,
2014). The application of soil conservation practices such as cover cropping, contour cropping,
terracing, and agroforestry could minimize soil erosion (Alegre and Rat, 1996; Langdale et al.,
1991; Sepulveda and Carrillo, 2015; Sharda and Samra, 2002) in land use shade coffee and young
coffee plantations. Furthermore, the application of soil conservation practices could also reduce

nutrient transport to water streams. For example, riparian buffers have been found to increase
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nutrient retention in watersheds and minimize nutrient transport to rivers (Mayer et al., 2007).
Therefore, the adoption of soil conservation practices in this study area is necessary to prevent
nutrient loss to rivers and minimize metal contamination. Additionally, proper timing of fertilizer
application for coffee trees should be considered because application in the middle of the rainy
season had higher rainfall intensity, which can promote higher surface runoff. Splitting fertilizer
in the beginning and end of the rainy seasons can minimize nutrient losses to stream water. Gildow
et al. (2016) have stated that the timing of application of seasonal fertilizers reduces phosphorus
load to water bodies. The optimal timing of N fertilizer application could reduce NO3z-N loss to
stream water (Randall and Mulla, 2001). Timing of N fertilizer, if adjusted to the highest N
requirements of the crop, that is, the stage before fruit filling, could decrease N application routines
without a decline in the yields of coffee beans (Bruno et al., 2011). Implementation of effective
land management policies on the watershed scale is necessary to prevent water quality degradation
in the Batutegi Dam in order to improve water supply for irrigation and drinking water

downstream.
3.5. Conclusions

The result of study has revealed seasonal water quality characteristics and possible reasons
for the observed characteristics in adjacent two watersheds for the first time. Although the study
sites were located close to each other, they showed different water quality characteristics. The
human activities of fertilizer application and young coffee plantations, as well as the natural
processes of geological characteristics, influenced the differences between the two watersheds.
Based on the results, the Sangharus River contained higher amount of nutrients than the
Sekampung Hulu River due to higher fertilizer application amounts in the watershed. Moreover,

geological characteristics played an important role in the Sangharus River in determining its water
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quality characteristics because the watershed consisted of higher basaltic andesite tuff compared
to the Sekampung Hulu watershed. Seasonal water quality measurements and questionnaire
surveys to local farmers revealed that NOz concentrations in both watersheds were higher in the
rainy season to correspond with the annual schedule and total amounts of fertilizer application in
the watersheds. Despite the application of fertilizers, NOz levels remained below the recommended
water quality standard. However, Al and Fe levels in stream water exceeded the recommended
level for drinking water, which was likely due to soil erosion from improper land management in

the Sekampung Hulu watershed.

To protect the environment from the adverse effects of soil erosion and nutrient loss, soil
conservation practices should be implemented in the study area such as cover cropping, contour
cropping, terracing, and agroforestry. Agroforestry practices in coffee plantations have already
been applied in several sites; however, the practice of planting young coffee plantations needs to
be implemented for effective soil conservation practices. Moreover, application of soil
conservation practices in shade coffee plantations can provide more environmental benefits to

reduce surface runoff.

Policy makers are required to develop regulations for a sound water environment based on
the different characteristics of the two watersheds. The policies should consider background
reasons to determine water quality characteristics in the area. In addition, farmers are
recommended to adopt soil conservation practices to prevent sustainable land from experiencing

reducing nutrient loss and erosion.

This study was conducted for only a year, with missing information for a five-month
duration. A one-year period of research is too short to investigate all aspects of a water

environment. Thus, long-term research on water quality should be conducted to understand
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comprehensive aspects of water characteristics across dry and wet years. In addition, studies on
water quality in the upper and middle watersheds were not conducted due to low accessibility. To
determine effective management strategies, further studies on the upper and middle reaches of the
watersheds are necessary for a holistic view of the watershed water chemistry characteristics. In
addition, the number of respondents in the questionnaire survey was minimal according to the total
number of famers in the study area. To increase the accuracy of the information regarding the
schedule and the amount of fertilizer applied, the number of respondents in questionnaire survey

needs to be higher.

In recent years, new technology of artificial intelligence (Al) and machine learning tools
have begun to be used for water quality forecasts (Alizadeh et al., 2017; Alizadeh et al., 2018;
Olyaie et al., 2015; Shamshirband et al., 2019; W. C. Wang et al., 2014). These tools are very
robust; however, for obtaining good results, it is very important to accumulate local information
for a water quality database. By conducting this kind of research in ungauged and poorly gauged
watersheds continuously, Al and machine learning based analyses can be conducted to implement
water resources management, protect fresh water resources, and develop future conservation plans

regarding these watersheds.
3.6. References

Alegre, J. C., & Rat, M. R. (1996). Soil and water conservation by contour hedging in the humid
tropics of Peru. Agriculture, Ecosystem and Environment, 57, 17-25.
https://doi.org/10.1016/0167-8809(95)01012-2.

Alizadeh, M. J., Kavianpour, M. R., Danesh, M., Adolf, J., Shamshirband, S., & Chau, K. W.
(2018). Effect of river flow on the quality of estuarine and coastal waters using machine
learning models. Engineering Applications of Computational Fluid Mechanics, 12(1), 810-
823. https://doi.org/10.1080/19942060.2018.1528480.

Alizadeh, M. J., Nodoushan, E. J., Kalarestaghi, N., & Chau, K. W. (2017). Toward multi-day-
ahead forecasting of suspended sediment concentration using ensemble models.

67



Environmental  Science and  Pollution  Research, 24(36), 28017-28025.
https://doi.org/10.1007/s11356-017-0405-4.

Alvarez-cabria, M., Barquin, J., & Pefias, F. J. (2016). Modelling the spatial and seasonal
variability of water quality for entire river networks: Relationships with natural and
anthropogenic factors. Science of the Total Environment, 545-546, 152-162.
https://doi.org/10.1016/j.scitotenv.2015.12.109.

Anda, M., Suryani, E., Husnain, & Subardja, D. (2015). Strategy to reduce fertilizer application in
volcanic paddy soils: Nutrient reserves approach from parent materials. Soil and Tillage
Research, 150, 10-20. https://doi.org/10.1016/j.still.2015.01.005.

Angus, A., Burgess, P. J., Morris, J., & Lingard, J. (2009). Agriculture and land use: Demand for
and supply of agricultural commodities, characteristics of the farming and food industries,
and implications for land use in the UK. Land Use Policy, 26S, 230-242.
https://doi.org/10.1016/j.landusepol.2009.09.020.

Bahar, M. M., Ohmori, H., & Yamamuro, M. (2008). Relationship between river water quality and
land use in a small river basin running through the urbanizing area of Central Japan.
Limnology, 9, 19-26. https://doi.org/10.1007/s10201-007-0227-z.

Banuwa, I. S. (2008). Pengembangan Alternatif Usaha Tani Berbasis Kopi untuk Pembangunan
Pertanian Lahan Kering Berkelanjutan di DAS Sekampung Hulu (Doctoral dissertation).

Institut Pertanian Bogor. Retrieved from
https://repository.ipb.ac.id/jspui/bitstream/123456789/41046/11/2008isb.pdf. Accessed 20
Jan 2017.

Bruno, I. P., Unkovich, M. J., Bortolotto, R. P., Bacchi, O. O. S., Dourado-Neto, D., & Reichardt,
K. (2011). Fertilizer nitrogen in fertigated coffee crop: Absorption changes in plant
compartments  over time. Field Crops Research, 124(3), 369-377.
https://doi.org/10.1016/j.fcr.2011.07.004.

Bu, H., Meng, W., Zhang, Y., & Wan, J. (2014). Relationships between land use patterns and water
quality in the Taizi River basin, China. Ecological Indicators, 41, 187-197.
https://doi.org/10.1016/j.ecolind.2014.02.003.

Castro-Tanzi, S., Dietsch, T., Urena, N., Vindas, L., & Chandler, M. (2012). Analysis of
management and site factors to improve the sustainability of smallholder coffee production
in Tarrazt, Costa Rica. Agriculture, Ecosystems and Environment, 155, 172-181.
https://doi.org/10.1016/j.agee.2012.04.013.

Chanpiwat, P., & Sthiannopkao, S. (2014). Status of metal levels and their potential sources of
contamination in Southeast Asian rivers. Environmental Science and Pollution Research,
21(1), 220-233. https://doi.org/10.1007/s11356-013-1858-8.

Directorate General of Operation and Maintenance Water Resources Mesuji Sekampung
[DGOMWRMS]. (2017). Precipitation data station Batutegi Dam. Lampung, Indonesia:
Ministry of Public Work and Public Housing..

Gandaseca, S., Rosli, N., Ngayop, J., & Arianto, C. I. (2011). Status of water quality based on the
physico-chemical assessment on river water at wildlife sanctuary Sibuti Mangrove forest,
Miri  Sarawak. American Journal of Environmental Sciences, 7(3), 269-275.
https://doi.org/10.3844/ajessp.2011.269.275.

68



Gildow, M., Aloysius, N., Gebremariam, S., & Martin, J. (2016). Fertilizer placement and
application timing as strategies to reduce phosphorus loading to Lake Erie. Journal of Great
Lakes Research, 42(6), 1281-1288. https://doi.org/10.1016/j.jglr.2016.07.002.

House, W. A., Leach, D. V., & Armitage, P. D. (2001). Study of dissolved silicon and nitrate
dynamics in a freshwater stream. Water Research, 35(11), 2749-2757.
https://doi.org/10.1016/S0043-1354(00)00548-0.

Husnain, Wakatsuki, T., Setyorini, D., Hermansah, Sato, K., & Masunaga, T. (2008). Silica
availability in soils and river water in two watersheds on Java Island, Indonesia. Soil Science
and Plant Nutrition, 54(6), 916-927. https://doi.org/10.1111/j.1747-0765.2008.00313.x.

Indonesian Center for Agricultural Land Resources Research and Development [ICALRD]. (2016).
Peta tanah semidetil skala 1:50.000 Kabupaten Tanggamus, Provinsi Lampung [Soil map
scale 1:50.000 of Tanggamus Regency, Lampung Province]. Bogor, Indonesia: Badan
Penelitian dan Pengembangan Pertanian, Kementerian Pertanian.

International Coffee Organization. (2019). Total production by all exporting countries. Retrieved
from http://www.ico.org/trade_statistics.asp?section=Statistics. Accessed 10 Jul 2019.

Kiéndler, M., Blechinger, K., Seidler, C., Pavli, V., Sanda, M., Dostal, T., ... Stich, M. (2017).
Impact of land use on water quality in the upper Nisa catchment in the Czech Republic and
in  Germany. Science of The Total Environment, 586, 1316-1325.
https://doi.org/10.1016/).SCITOTENV.2016.10.221.

Kelly, W. R., Panno, S. V., Hackley, K. C., Hwang, H. H., Martinsek, A. T., & Markus, M. (2010).
Using chloride and other ions to trace sewage and road salt in the Illinois Waterway. Applied
Geochemistry, 25(5), 661-673. https://doi.org/10.1016/j.apgeochem.2010.01.020.

Kelly, W. R., Panno, S. V, & Hackley, K. (2012). The Sources, Distribution, and Trends of
Chloride in the Waters of Illinois. Illinois State Water Survey (Vol. Bulletin B). Champaign.
Retrieved from http://hdl.handle.net/2142/90994.

Khan, M. N., & Mohammad, F. (2014). Eutrophication: Challenges and Solutions. In A. A. Ansari
& S. S. Gill (Eds.), Eutrophication: Causes, Consequences and Control. Volume 2 (pp. 1-
15). New York: Springer. https://doi.org/10.1007/978-94-007-7814-6.

Langdale, G. W., Blevins, R. L., Karlen, D. L., McCool, D. K., Nearing, M. A., Skidmore, E. L.,
... Williams, J. R. (1991). Cover crop effects on soil erosion by wind and water. In W. L.
Hargrove (Ed.), Cover crops for clean water (pp. 15-22). Ankeny, lowa: Soil and Water
Conservation Society. Retrieved from
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.514.9458 &rep=repl&type=pdf.
Accessed 10 Jul 2019.

Lin, Z., Anar, M. J., & Zheng, H. (2015). Hydrologic and water-quality impacts of agricultural
land use changes incurred from bioenergy policies. Journal of Hydrology, 525, 429-440.
https://doi.org/10.1016/j.jhydrol.2015.04.001.

Mayer, P. M., Reynolds, S. K., McCutchen, M. D., & Canfield, T. J. (2007). Meta-analysis of
nitrogen removal in riparian buffers. J. Environ. Qual, 36, 1172-1180.
https://doi.org/10.2134/jeq2006.0462.

69



Mayo, A. L., Ritter, D. J., Bruthans, J., & Tingey, D. (2019). Contributions of commercial fertilizer,
mineralized soil nitrate, and animal and human waste to the nitrate load in the Upper Elbe
River Basin, Czech Republic. HydroResearch, 1, 25-35.
https://doi.org/10.1016/j.hydres.2019.04.003.

Mena-Rivera, L., Salgado-Silva, V., Benavides-Benavides, C., Coto-Campos, J. M., & Swinscoe,
T. H. A. (2017). Spatial and seasonal surface water quality assessment in a tropical urban
catchment: Burio River, Costa Rica. Water, 9(8). https://doi.org/10.3390/w9080558.

Meneses, B. M., Reis, R., Vale, M. J., & Saraiva, R. (2015). Land use and land cover changes in
Zézere watershed (Portugal) — Water quality implications. Science of the Total Environment,
527-528, 439-447. https://doi.org/10.1016/j.scitotenv.2015.04.092.

Ministry of Agriculture. (2014). Peraturan Menteri Pertanian Republik Indonesia Nomor
128/Permentan/OT.140/11/2014 tentang pedoman teknis pembangunan kebun induk dan
kebun entres kopi Arabika dan kopi Robusta [Ministry of Agriculture Regulation No.
128/Permentan/OT.140/11/2014 about Technical Guidelines Development of Seed Garden
and Budwood Garden for Coffee Arabica and Coffee Robusta]; Jakarta, Indonesia. Retrieved
from http://ditjenpp.kemenkumham.go.id/arsip/bn/2014/bn1827-2014.pdf. Accessed 2 Feb
2018.

Ministry of Environment and Forestry. (2016). Peraturan Menteri Lingkungan Hidup dan
Kehutanan No. P.83/MENLHK/SETJEN/KUM.1/10/2016 tentang perhutanan sosial
[Environment and Forestry Ministrial Regulation No.
P.83/MENLHK/SETJEN/KUM.1/10/2016 about social forestry]. Jakarta, Indonesia:
Republic of Indonesia. Retrieved from http://pskl.menlhk.go.id/peraturan.html. Accessed 2
Feb 2018.

Ministry of Health Republic Indonesia. (2017). Peraturan Menteri Kesehatan No0.32 Tahun 2017
Tentang Standar Baku Mutu Kesehatan Lingkungan dan Persyaratan Kesehatan Air untuk
Keperluan Higiene Sanitasi, Kolam Renang, Solus Per Aqua, dan Pemandian Umum
[Ministry of Health Regulations No.32 Year 2017 About Environmental Health Standard
and Water Health Requirement for Sanitation Hygiene, Swimming Pool, Solus Per Aqua,
and Public Bathing]; Peraturan Menteri kesehatan Republik Indonesia. Jakarta, Indonesia.
Retrieved from
http://hukor.kemkes.go.id/uploads/produk_hukum/PMK_No. 32 ttg_Standar_Baku_Mutu
_Kesehatan_Air_Keperluan_Sanitasi, Kolam_Renang, Solus_Per_Aqua_.pdf. Accessed 2
Jul 2019.

Mokaya, S. K., Mathooko, J. M., & Leichtfried, M. (2004). Influence of anthropogenic activities
on water quality of a tropical stream ecosystem. African Journal of Ecology, 42(4), 281-288.
https://doi.org/10.1111/j.1365-2028.2004.00521..x.

National Atmospheric Deposition Program [NADP]. (2015). Chloride ion concentration, 2015.
Retrieved from http://nadp.slh.wisc.edu/maplib/pdf/2015/Cl_conc_2015.pdf. Accessed 29
Jul 2019.

National Development Planning Agency, Central Bureau of Statistics, & UNFPA. (2018).
Proyeksi Penduduk Indonesia 2015-2045: Hasil SUPAS 2015 (Indonesian Population
Projection 2015-2045: Result of SUPAS 2015). (Central Bureau of Satistics & National

70



Development Planning Agency, Eds.), Central Bureau of Statistics. Retrieved from
https://indonesia.unfpa.org/sites/default/files/pub-pdf/Proyeksi Penduduk 2015-2045 .pdf.

National Land Agency. (2017). Land use map in Lampung Province. Jakarta, Indonesia: The
Ministry of Agrarian Affairs and Spatial Planning/National Land Agency.

Neris, J., Jiménez, C., Fuentes, J., Morillas, G., & Tejedor, M. (2012). Vegetation and land-use
effects on soil properties and water infiltration of Andisols in Tenerife (Canary Islands,
Spain). Catena, 98, 55-62. https://doi.org/10.1016/j.catena.2012.06.006.

Olyaie, E., Banejad, H., Chau, K. W., & Melesse, A. M. (2015). A comparison of various artificial
intelligence approaches performance for estimating suspended sediment load of river
systems: a case study in United States. Environmental Monitoring and Assessment, 187(4).
https://doi.org/10.1007/s10661-015-4381-1.

Papadopoulos, A. P., Bar-tal, A., Silber, A., Saha, U. K., & Raviv, M. (2008). Inorganic and
Synthetic Organic Components of Soilless Culture and Potting Mixes. In M. Raviv & J. H.
Lieth (Eds.), Soilless Culture: Theory and Practice (First, pp. 505-543). London: Elsevier.
https://doi.org/10.1016/B978-044452975-6.50014-9.

Randall, G. W., & Mulla, D. J. (2001). Nitrate nitrogen in surface waters as influenced by climatic
conditions and agricultural practices. Journal of Environmental Quality, 30(2), 337—-344.
https://doi.org/10.2134/jeq2001.302337X.

Rothwell, J. J., Dise, N. B., Taylor, K. G., Allott, T. E. H., Schole, P., Davies, H., & Neal, C.
(2010). A spatial and seasonal assessment of river water chemistry across North West
England. Science of the Total Environment, 408, 841-855.
https://doi.org/10.1016/j.scitotenv.2009.10.041.

Selemani, J. R., Zhang, J., Muzuka, A. N. N., Njau, K. N., Zhang, G., Mzuza, M. K., & Maggid,
A. (2018). Nutrients’ distribution and their impact on Pangani River Basin’s ecosystem—
Tanzania. Environmental Technology, 39(6), 702-716.
https://doi.org/10.1080/09593330.2017.1310305.

Sepulveda, R. B., & Carrillo, A. A. (2015). Soil erosion and erosion thresholds in an agroforestry
system of coffee (Coffea arabica) and mixed shade trees (Inga spp and Musa spp) in Northern
Nicaragua. Agriculture, Ecosystems and Environment, 210, 25-35.
https://doi.org/10.1016/j.agee.2015.04.032.

Shamshirband, S., Nodoushan, E. J., Adolf, J. E., Manaf, A. A., Mosavi, A., & Chau, K. (2019).
Ensemble models with uncertainty analysis for multi-day ahead forecasting of chlorophyll a
concentration in coastal waters. Engineering Applications of Computational Fluid
Mechanics, 13(1), 91-101. https://doi.org/10.1080/19942060.2018.1553742.

Sharda, V. N., & Samra, J. S. (2002). Hydrological simulation of a conservation bench terrace
system in a subhumid climate. Hydrological Sciences Journal, 47(4), 549-561.
https://doi.org/10.1080/02626660209492959.

Shi, P., Zhang, Y., Li, Z., Li, P., & Xu, G. (2017). Influence of land use and land cover patterns
on seasonal water quality at multi-spatial scales. Catena, 151, 182-190.
https://doi.org/10.1016/j.catena.2016.12.017.

71



Shivers, S. D., Golladay, S. W., Waters, M. N., Wilde, S. B., & Covich, A. P. (2018). Rivers to
reservoirs : hydrological drivers control reservoir function by affecting the abundance of
submerged and  floating = macrophytes. Hydrobiologia,  815(1), 21-35.
https://doi.org/10.1007/s10750-018-3532-0.

Silva, J. S. O., da Bustamante, M. M. C., Markewitz, D., Krusche, A. V., & Ferreira, L. G. (2011).
Effects of land cover on chemical characteristics of streams in the Cerrado region of Brazil.
Biogeochemistry, 105(1), 75-88. https://doi.org/10.1007/s10533-010-9557-8.

Somura, H., Yuwono, S. B., Ismono, H., Arifin, B., Fitriani, F., & Kada, R. (2019). Relationship
between water quality variations and land use in the Batutegi Dam Watershed, Sekampung,
Indonesia. Lakes & Reserv, 24, 93-101. https://doi.org/10.1111/lre.12221.

SPSS Inc. (2008). SPSS Statistics for Windows, Version 17.0. Chicago: SPSS Inc.

Statistics of Lampung Province. (2017a). Export Value of Forestry and Agricultural Commodity
Registered by Industry and Trade Service of Lampung Province (Thousand US $), 2009 —
2014. Retrieved from https://lampung.bps.go.id/dynamictable/2017/03/31/201/nilai-ekspor-
komoditi-pertanian-dan- kehutanan-yang-tercatat-pada-dinas-perindustrian-dan-
perdagangan-propinsi-lampung-000-us-2009--- 2014.html. Accessed 8 Jul 2019.

Statistics of Lampung Province. (2017b). Robusta Coffee Crop Production of Smallholder Estate
by Regency/Municipality in Lampung Province, 2014 (Tones). Retrieved from
https://lampung.bps.go.id/dynamictable/2017/03/29/165/produksi-tanaman-kopi-robusta-
perkebunan- rakyat-menurut-kabupaten-kota-di-provinsi-lampung-2014-ton-.html.
Accessed 3 Mar 2019.

Tadesse, L., Suryabhagavan, K. V, Sridhar, G., & Legesse, G. (2017). Land use and land cover
changes and soil erosion in Yezat Watershed, North Western Ethiopia. International Soil
and Water Conservation Research, 5(2), 85-94. https://doi.org/10.1016/j.iswcr.2017.05.004.

Tian, Y., Jiang, Y., Liu, Q., Dong, M., Xu, D., Liu, Y., & Xu, X. (2019). Using a water quality
index to assess the water quality of the upper and middle streams of the Luanhe River,
northern ~ China.  Science of the Total Environment, 667, 142-151.
https://doi.org/10.1016/j.scitotenv.2019.02.356.

Tim Katam Balitklimat. (2019). Hasil analisis Tim Katam Terpadu berdasarkan data evaluasi
curah hujan berbasis ZOM dari BMKG [Integrated Katam Team analysis that based on
rainfall evaluation of ZOM from BMKG]. Bogor, Indonesia: Indonesian Agroclimate and
Hydrology Research Institute..

Tuboi, C., Irengbam, M., & Hussain, S. A. (2018). Seasonal variations in the water quality of a
tropical wetland dominated by floating meadows and its implication for conservation of
Ramsar wetlands. Physics and Chemistry of the Earth, 103(October 2016), 107-114.
https://doi.org/10.1016/j.pce.2017.09.001.

United States Environmental Protection Agency [USEPA]. (2009). National Primary Drinking
Water Regulations. Retrieved from https://www.epa.gov/sites/production/files/2016-
06/documents/npwdr_complete_table.pdf. Accessed 29 Jun 2019.

Vinecky, F., Davrieux, F., Mera, A. C., Alves, G. S. C., Lavagnini, G., Leroy, T., ... Andrade, A.
C. (2017). Controlled irrigation and nitrogen, phosphorous and potassium fertilization affect

72



the biochemical composition and quality of Arabica coffee beans. The Journal of
Agricultural Science, 155(06), 902—918. https://doi.org/10.1017/S0021859616000988.

Wang, J., Liu, G., Liu, H., & Lam, P. K. S. (2017). Multivariate statistical evaluation of dissolved
trace elements and a water quality assessment in the middle reaches of Huaihe River, Anhui,
China. Science of the Total Environment, 583, 421-431.
https://doi.org/10.1016/j.scitotenv.2017.01.088.

Wang, W. C., Xu, D. M., Chau, K. W., & Lei, G. J. (2014). Assessment of river water quality
based on theory of variable Fuzzy sets and Fuzzy Binary comparison method. Water
Resources Management, 28(12), 4183-4200. https://doi.org/10.1007/s11269-014-0738-4.

WHO. (2017). Guidelines for Drinking-water Quality. (Fourth edition incorporating the first
addendum). Geneva: World Health Organization. Retrieved from
https://apps.who.int/iris/bitstream/handle/10665/254637/9789241549950-
eng.pdf;jsessionid=1649C95C4DDED40EDD63B11434537E10?sequence=1. Accessed 20
Jan 2020.

Xu, G., Li, P., Lu, K., Tantai, Z., Zhang, J., Ren, Z., & Wang, X. (2019). Seasonal changes in
water quality and its main influencing factors in the Dan River basin. Catena, 173, 131-140.
https://doi.org/10.1016/j.catena.2018.10.014.

Yakovlev, V., Vystavna, Y., Diadin, D., & Vergeles, Y. (2015). Nitrates in springs and rivers of
East Ukraine: Distribution, contamination and fluxes. Applied Geochemistry, 53, 71-78.
https://doi.org/10.1016/j.apgeochem.2014.12.009.

Yu, S., Xu, Z., Wu, W., & Zuo, D. (2016). Effect of land use types on stream water quality under
seasonal variation and topographic characteristics in the Wei River basin, China. Ecological
Indicators, 60, 202-212. https://doi.org/dx.doi.org/10.1016/j.ecolind.2015.06.029.

Zheng, F., He, X., Gao, X., Zhang, C., & Tang, K. (2005). Effects of erosion patterns on nutrient
loss following deforestation on the Loess Plateau of China. Agric. Ecosyst. Environ., 108,
85-97. https://doi.org/10.1016/j.agee.2004.12.009.

73



CHAPTER 4
Summary in English

The growing population in Indonesia influences land demand for agriculture that
accelerates converting land uses from forest to agricultural land. This situation provides issues in
soil erosion and water quality degradation. It is important to protect forest from deforestation and
forest degradation, as forest has function supporting biodiversity (flora and fauna), determining
hydrological characteristics, and support life for communities. Local communities surrounding
forest area have strong bonding with forest as they depend on forest resources for living. Utilization
of forest area by local communities often rise conflict of forest tenure. Local communities that live
surrounding forest area have potential on forest management to ensure forest functions. Therefore,
forest management policy for giving legal access to local communities is a solution to use forest
resources in order to support economic growth and reduce conflicts with consideration in

maintaining forest functions.

Social forestry is the system of forest management that empowers local communities by
giving legal access to forest resources. This policy gives equity to local communities for increasing
prosperity and economic development, for balancing the relationship between environment and
dynamic social culture, and for maintaining sustainable forest function. Besides that, legal access
to forest tenure can reduce deforestation and improve rehabilitation. In Tanggamus Regency,
Lampung, Indonesia, coffee plantation is predominant land use and cultivated by smallholder in
social forestry area. Coffee cultivation becomes one of the important sources to support economic
growth. Local community around forest in Tanggamus Regency area has legal access to use forest
in order to increase their livelihoods and welfare through community forest and forestry

partnership programs, where they have to maintain forest function.
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The first study assessed the water quality of Sekampung Hulu and Sangharus Rivers in
Lampung, Indonesia, based on their total suspended solids (TSS) concentrations. Subsequently,
the extent of soil erosion in the two watersheds was determined and best management practices
(BMPs) were recommended for the study area. Water sampling was conducted in 2016 to estimate
TSS levels in the two watersheds. Additionally, the Universal Soil Loss Equation (USLE) was
integrated with an ArcGIS model to evaluate soil erosion in the watersheds. The results indicate
that TSS concentrations in the Sekampung Hulu and Sangharus Rivers ranged from 36-813 mg
Lt and 16-146 mg L, respectively. The mean and standard error of TSS concentrations in
Sekampung Hulu and Sangharus Rivers were 228 + 87.5 and 69.3 £ 15.2, respectively. Statistical
analysis indicated that the mean TSS concentration for the Sekampung Hulu River was
significantly higher than that for the Sangharus River. Further, the average soil erosion rates in the
Sekampung Hulu and Sangharus watersheds were 12.5 Mg ha year* and 5.6 Mg ha* year?,
respectively. Erosion rates greater than the tolerable soil loss rate in Indonesia (Dariah et al., 2004),
10 Mg ha! year?, corresponded to 21.8% and 15.5% of the total area for Sekampung Hulu and
Sangharus watersheds, respectively. The results indicated that young coffee trees increased soil
erosion rates, especially in areas characterized by vulnerable soil. The USLE results concurred
with the TSS analysis and indicated higher erosion rates for the Sekampung Hulu watershed than
the Sangharus watershed. The simulation scenarios of BMPs were developed in this study to know
the potential reduction of soil erosion. The simulation scenarios adopting agroforestry or cover
crops could reduce soil erosion more than 90%. While the contour system was found less effective.
Concerning about economic aspect, the adoption of cover crop was the better choice for farmers

because they could keep the area of coffee trees.
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The subsequent study identified seasonal water quality characteristics in two adjacent
mountainous rivers (Sangharus and Sekampung Hulu Rivers) in Lampung, Indonesia, and
determined the impacts of fertilizer application on river chemistry as a result of social forestry
management. Water chemistry was measured in 2016 covering 15 parameters, including calcium
(Ca), potassium (K), magnesium (Mg), sodium (Na), chloride (CI), nitrate (NOz), phosphate (POa4),
sulfate (SOa4), aluminum (Al), iron (Fe), silicon (Si), water temperature, electric conductivity (EC),
dissolved oxygen (DO), and pH. A farmers’ questionnaire survey to obtain information on
fertilizer application was conducted in study area. The water quality results indicated that Ca, K,
Mg, Na, Si, Cl, and PO4 concentrations were significantly higher in the dry season for both rivers
relative to the rainy season. It was probably due to lower water discharge and therefore lower
dilution during the dry season. The seasonal patterns of Al and Fe concentrations in both rivers
showed no significant difference. While EC and NOs were higher in the rainy season, likely linked
to the dominant timing of urea fertilizer application during the rainy season. Based on the survey,
it was determined that urea application was significantly higher in the Sangharus watershed (166.8
kg ha™) relative to the Sekampung Hulu watershed (120.3 kg ha™), which possibly attributed to
the higher NOs levels in Sangharus river. Moreover, geological characteristics also probably
played an important role in water characteristics. Sangharus watershed consisted of wider basaltic
andesite tuff area compared to the Sekampung Hulu watershed. The weathering of this rock could
release higher levels of K, Ca, Mg, and Na to the river and partly contributed to the water quality
formation. Based on the water quality analysis, Al and Fe concentrations were higher than the
recommended level for drinking water of USEPA, which was likely due to elevated soil erosion
attributed to improper land management. Therefore, it is necessary to adopt effective land

management practices such as cover cropping and agroforestry.
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Finally, the results of this study exhibited important insights for sustainable land
management in the study area. Despite the two adjacent watersheds, we found that the water
quality environment showed statistically significant and completely different characteristics. That
is, it was found that one watershed had a high concentration of nutrients such as nitrogen and
phosphorus, and the other watershed had a high TSS concentration. Although the concept of social
forestry is very useful, there was a gap between farmers and land management. Therefore, in the
future, it is necessary to conduct surveys involving not only farmers but also the government and

to lead to sustainable watershed management.
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Summary in Japanese

A RRUT T TN OHEMEDN IR R FTICIB T %
TR A & TR 2K ERE O R

AV KRR T TIHEAOEIMZ X > TREEICHT 2 EMIFEERNEIN L, A S EH~OfiEHa )
REINLTND. ZHIZLY, HEERESKEBEOMENSISEZ D, FARICITEHEY
DM EHERF L, KEIFX D -V S 586E, £ L CRUEROAERZY R — T
LDIBER BT D120, BREMESCHILNORET D ENEE LS 5. RARMIEREDER
DAETEIL, FHREFUICREKFELTVD 0D, HFAREHROFASCEBEICB W TR 2 5] &
T EbLHD. L, BRMEDOHSEERIIBRROMEEE SFL 20 0EFE T /T LEE
ITCEDAEEMENR S D Z 0D, HlERICH L CAEMICRRERFAEZFF L, Zh L
R, ARMBEREDMERFE B A BB T 2 M EBEBUOR N M B L 7 5 T & T,

Social Forestry (fE#ZE) ITHRHER~OEIENRT 7 B A2 RS 52 L1280, Hulk:
DNEHMERZ 5T H2HRMEIE AT A TH D, 2 OBORITHUIIE R OB & R R %
L, BREEEASUbE OBREMER L, Rt rlie e RMBEREDRINE M Z AIREIZ 35, AT,
ZDOVAT NMIEELR BN EZE D L, BRHREROBREEZRT ZENTED. AV RRU7T,
A< 8T, Zy7UMNTHDLE T~ AROLBE T, 2 —t —REES L8 LR HT
b5, FEHREMIRICB O TH/MMEA—F — bt Lo Ta—e =TI TWE. =—¢t
—HEHL Z OHBEORFREE XX HDEEHEA O —DIZR> TS, XU~ AROHFEMNRE L
MU RIE, O DAEE L EALZ2m LS D DITHERESHKE A~ F—2 v P T s
D758 U CARMBERE OMERF B 21TV 2 b VAR EIR ATE i+ 2N T 5.

WMHesa X1 TlE, £ K> 7, 27 Mo IUBIEIICALE T 5 Sekampung Hulu)l| & Sangharus
JNOKE R %, BIFEYE (Total suspended solids: TSS) JEEEIZIDSUNTEEG L7-. BEE
T5 2 PRI T TSS IREDOHIEZEWET N L, OB ZMT+ 5 &Iz, FAER
W e 72 PR 715 (Best Management Practices: BMPs) Z#EZR L7-. TSS OZENRHRED -9,
2016 FExERBIY TV T EiToT2. Fiz, o HEREELFMT 5720, HEERAT
)L (Universal Soil Loss Equation: USLE) & ArcGIS &=, AKESH OFER, Sekampung
Hulu JIl & Sangharus JINZE1F % TSS IREILENE4, 36~813 mg L', 16~146 mg L' TH Y,

Z O & FERERGEI T F N E N, 228+87.5 mg LY, 69.3+15.2 mgl' Tho7-. #EHRITD
fE 3, Sekampung Hulu JI[> TSS ¥ FESEMEIL Sangharus JI|DOZF N & LN THEICE -T2, I
2T, USLE (2 X » CRHA S = P LR A &L, Sekampung Hulu JII'C, 12.5 Mg/ha/4F,

Sangharus JI[ T 5.6 Mg/ha/4E L HEESNTZ. 42 R T TED LN HFREAE 10 Mg/ha/4F
Pz HHEERAT Y 71X Sekampung Hulu JI@1% C 21. 8%, Sangharus )I|§idk T 15. 5% % 5
Tz, BERAeEE, MR HENMEL T IMIRICBW T, #EmadE<, v/ - TH
DIEFEL TWRWEHE S DFGENRE o7z, KIS, BIPs DU A& LT 3 FlEHRTE LR
Wratedi=fER, 77 a7+ LA N —&25WIIHEIEY (Cover crop) DiEAIZ LY 90%LL |,
THREREZWD SELEN T, REVRMEEBET DL, 2—b —DAROHEEEHEFRF T
X OWEEDOBEHANBERZICE >TRWEEZ LN,
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MFFEERC 2 TliE, Sekampung Hulu JII & Sangharus JI|DOZHIH 72 K E LBV ZFME L7-. X5
HHEIX, Ca, K, Mg, sNa, Cl, NO,, PO,, SO,, Al, Fe, Si, water temperature, electric
conductivity (EC), dissolved oxygen (DO), pH @ 15IEH & L7-. KESHITIMZ T,
ERAOBEIYAENS, BIEORE, ¥4I 7, BEAICETEREAT L. KESHT
DFERNE, W& N THEH O, Wit & Ca, K, Mg, Na, Si, Cl, PO IRED &< 72
HEEMNHIE SN, ZUTEHOREBR FIC X > THEIRGIENMESNTEBENEG L ol &
ZHiviz., KEWHHE Al & Fe (I3 & & ORICHMRBEZIIRE SN oz, —J
T, EC 0 NOs [INHNCIREDN &L, MEOZ A I 7 LR LTS LB X b, Mk &
H Urea (JRFE) BELMFEHINTEY, Sekampung Hulu JIFEik (120.3 kg ha) KLV
Sangharus JI[fiiig (166.8 kg ha') DOFN, MEMICHEICHEHEN SN L3RI L.
S O ITHE R RFPEN AKE RIS R L CEBEREE 2 5O TWnW5D EE X HiL7-. Sangharus )l
I% Sekampung Hulu JI| & 0 LRAE L NS EEIK A OFIG R EmV. (o> TRYEERIZE Y, XD
%< D K, Ca, Mg, Na 72 EBJINHE SH, ZTRAKEERIC—EDOEE Z HDTWNWD LFE
Z BT, KEDHTORE LY, Sekampung Hulu JINZIBWTIZ Fe IRENT A U I &R EER B &
HEITOED LD ZIRHAKREEL D S EERE SN, 72 AL REIZ DWW TIEmiE s & =
AR KR EHERE 2 2 T e, ZHUEANE D) e B BRIC L 2 TEEEOHEINC I 50 &
BAONTZZ D, WEEMST 7a 7+ LA N —72 EOwEMIC L DR 78 T B
MELZZ b,

RIS, ABFZERCRIT, IRMs ORI REe HHIFFICE L THERMA 2z R Lo, BT
5 2 WIS D LT, KEBRESHEIAEIS, E<ERIBEBERT a2 RALE. T
bbb, —HOPBITERSD 7 EORERRE N <, M7 OFRBTIL 1SS RED @S
PER STz, fERMED = v 7 MIFEFITHRIEN, BRICL S EHEH L ORICE v v
TRHLENMER SN LD, 4%, BRETTIEIRUTELE S AL THAEZED, £
ot I REZR T B BRI D L E R H D L E R BT,
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APPENDICES
Appendix 1

Monthly rainfall

Monthly rainfall (cm)

Year

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
1998 34.01 25.14 42.67 1955 2415 10.78 13.05 10.57 6.47 13.68 16.72 21.66
1999 35.05 25.93 14.66 7.61 9.34 2.65 10.79  7.09 6.77 3783 37.83 2593
2000 28.97 20.96 16.76 26.20  4.65 7.36 1522  3.89 3.07 2496 2589  29.68
2001 21.73 32.02 20.30 19.27  20.78 5.67 8.78 3.92 1557 1557 2466  17.23
2002 33.58 12.42 45.15 20.98 11.07 4.65 1756  1.11 3.90 1.63 8.69 23.67
2003 12.22 32.99 20.40 13.90 20.83 5.66 3.49 7.89 1501 558 1781 2051
2004 46.48 25.46 21.74 8.78 11.02 8.67 1291  11.67 11.75 4.40 22.66 47.39
2005 45.22 32.95 38.06 1721 1323 1510 1260 1045 1640 16.60 11.99 4.37
2006 21.96 22.56 23.09 27.71  15.43 1.22 3.65 1.75 6.78 30.45
2007 33.92 27.70 18.60 16.62 2483 1243 1210 10.15 8.30 0.95 22.70
2008 18.55 12.48 17.01 15.27 1.45 4.80 0.90 11.32 1046 1433 1596 42.07
2009 21.29 30.40 26.76 27.83 17.70 4.44 4.43 6.68 1.10 12.78  8.55 16.48
2010 25.45 36.03 18.13 1148 14.06 10.01 1857 2328 11.95 1997 5121 4358
2013 26.20 14.61 14.17 8.48 10.81 3.75 8.07 1.93 3.14 6.44 3.86 15.26
2014 11.81 6.91 5.81 7.55 11.46 2.71 4.54 11.71 0.22 5.60 9.14 18.12
2015 24.37 14.94 8.30 7.53 11.30 7.12 2.37 2.39 0.40 0.75 5.40 8.46
2016 14.37 12.40 13.79 1464  10.92 6.67 3.89 4.58 1406 9.66 16.98 7.44

source: station Batutegi Dam, Directorate General of Operation and Maintenance Water Resources Mesuji Sekampung ((DGOMWRMS], 2017)
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Number of rainfall days in a month

Number of rainfall days in month

Year

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
1998 21 15 21 16 15 9 9 12 10 10 16 13
1999 23 20 14 8 7 3 8 9 8 19 19 20
2000 17 18 13 15 5 9 12 7 4 10 20 20
2001 13 16 14 10 12 5 9 3 16 16 15 18
2002 16 13 15 15 9 4 5 2 1 3 8 14
2003 12 22 14 11 9 5 6 5 8 9 13 18
2004 22 20 16 10 10 8 9 4 8 3 11 20
2005 25 17 19 11 11 12 9 13 9 12 13 7
2006 19 13 15 10 14 1 6 1 7 15
2007 15 11 10 12 11 8 6 4 6 2 14
2008 12 12 10 13 4 2 3 17 9 21 18 30
2009 22 18 15 17 9 5 3 7 1 16 17 15
2010 20 20 17 8 14 13 12 16 17 16 14 16
2013 25 12 14 12 14 7 16 5 4 7 4 16
2014 20 12 7 10 14 8 10 12 3 10 19 20
2015 23 20 13 13 13 8 4 3 1 2 14 17
2016 15 17 22 19 11 8 9 10 13 17 21 18

source: station Batutegi Dam, Directorate General of Operation and Maintenance Water Resources Mesuji Sekampung ((DGOMWRMS], 2017)
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Maximum rainfall in a month

Year

Maximum rainfall in a month (cm)

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
1998 6.61 7.01 7.05 3.00 8.27 3.95 4.33 2.22 1.20 3.95 3.45 7.35
1999 4.00 3.30 3.02 3.09 3.84 2.25 4.66 2.48 2.67 6.80 6.80 6.91
2000 6.40 4.50 4.33 7.51 1.52 2.75 3.60 1.50 1.37 4.95 4.44 4.57
2001 3.64 5.66 5.56 6.66 6.11 3.38 2.70 3.35 3.82 3.82 4.23 4.22
2002 5.43 2.06 9.05 2.71 4.56 3.07 7.83 0.56 3.90 1.14 2.26 4.77
2003 3.34 6.05 3.48 5.55 6.02 1.84 1.21 3.05 6.12 3.25 5.55 4.01
2004 5.88 4.24 6.23 2.64 3.39 3.33 3.15 7.84 4.06 2.82 6.82 5.95
2005 5.86 8.63 6.88 5.32 2.92 4.01 3.71 3.02 7.01 3.85 2.12 1.30
2006 2.92 4.28 4.00 7.00 4.10 1.22 1.36 1.75 4.25 8.15
2007 10.01 10.00 4.50 5.00 7.65 6.90 3.33 6.65 4.00 0.53 7.70
2008 5.35 3.50 3.15 2.90 0.54 3.30 0.50 1.94 4.60 2.11 3.02 4.34
2009 2.40 5.35 4.03 8.02 9.50 1.50 3.66 2.85 1.10 2.00 2.36 5.05
2010 3.85 4.94 6.85 3.44 2.65 2.13 7.07 6.11 3.03 7.02 10.04 10.03
2013 2.09 3.40 2.43 2.35 2.87 1.37 2.15 0.67 1.09 1.81 2.01 2.64
2014 2.22 2.39 3.53 1.55 2.06 0.93 1.43 4.63 0.13 1.71 1.48 2.81
2015 351 245 1.44 2.46 3.21 4.92 1.62 1.84 0.40 0.55 1.49 1.55
2016 4.00 2.86 2.97 4.17 4.34 2.71 1.40 1.32 4.58 1.60 2.50 2.70

source: station Batutegi Dam, Directorate General of Operation and Maintenance Water Resources Mesuji Sekampung ((DGOMWRMS], 2017)
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Rainfall Erosivity Factor (R Factor)

Rm
ear Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
1998 283.91 238.01 386,51 108.62 247.47 80.14 106.03 50.37 21.87 101.75 96.81 217.97
1999 216.19 14478  81.93 4880 7470 1825 9256 37.72 39.20 343.62 343.62 214.20
2000 253.86 138.61 120.74 25951 23.02 4168 101.16 15.73 14.64 237.40 169.12 202.60
2001 150.78 276.25 167.86 203.16 19517 4470 51.10 36.19 93.74 93.74 17791 105.69
2002 286.25 56.67 553.45 11555 89.30 37.11 27399 3.69 6533 7.07 4854 186.38
2003 7454 25546 13173 118.78 22232 3232 1323 63.14 159.45 3258 148.22 127.01
2004 380.98 161.73 18193 48.06 7223 5945 8841 18572 9539 37.99 239.33 410.46
2005 346.41 34758 34830 15040 79.61 106.09 93.63 56.32 180.46 116.44 55.14  16.78
2006 113.68 17192 15950 323.72 102.49 8.65 14.37 16.20 5350 325.07
2007 413.05 373.79 158.12 133.93 284.11 13525 101.86 143.76 7114 297  228.37
2008 15856  78.39 11747 87.23  3.61 55.50 223 4326 8377 5447 80.68 248.49
2009 9212 238.24 19142 27255 23250 21.62 4398 4251 722 5238 3417 120.00
2010 15359 266.95 149.26 84.94 7267 4445 184.04 19561 5850 174.89 703.46 543.21
2013 103.63  93.41 70.07 39.76 55.16 1434 3121 515 13.33 31.97 2367 7521
2014 45.31 31.32 40.22 30.19 49.66 7.40 15.63  84.17 020 2216 27.46  86.18
2015 129.95 63.45 28.78 33.95 6394 5761 1170 14.48 1.24 227 16.83  27.00
2016 89.85 59.30 60.98 8406 77.87 3881 1347 1514 100,57 3224 73.18 30.19
Avlzrrgge 193.69 176.23 17343 126.07 11446 4726 72.86 62.06 6233 84.02 13498 186.17
R total (MJ mm ha*htyear™) 1433.53
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Appendix 2

Soil properties for calculated soil erodibility factor (K factor)

Soil Texture C Organic -
Soil Type . organic  matter Structure - Permeability factor
Sand Silt Clay (%) (%) Code Code
Typic Dystrudepts 13 58 29  3.09 5.31 3 4 0.0341
Typic Endoaquepts? 6 37 57 2.01 3.47 4 5 0.0263
Typic Kanhapludults! 33 32 35 3.64 6.28 3 3 0.0177
Typic Hapludox* 39 18 43 147 2.53 4 4 0.0250
Andic Dystrudepts? 32 17 51 3.57 6.15 3 3 0.0103
Typic Hapludands? 145 515 34 7.50 12.93 3 3 0.0013
Typic Udivitrands! 57 32 11 7.50 12.93 1 2 0.0007
Source: ICALRD (2016), 2 primary sampling
Structure code
Structure class Structure class code
Very fine granular 1
Fine granular 2
Med or coarse granular 3
Blocky, platy, or massive 4
Source: U.S. Department of Agriculture, Natural Resources Conservation Service (2017)
Permeability code
Saturated
Profile permeability Permeability class hydraulic Saturated hydraulic
class code of 1951 conductivity range  conductivity classes 1993
pm sec™?
6 Very slow <30 Very low or mod. low
5 Slow 0.30to <1.20 Moderate low
4 Slow or moderate 1.20 to <4.80 Moderate high
3 Moderate 4.80 to < 15.00 Moderate high or high
2 Moderate or rapid ~ 15.00 to < 30.00 High
1 Rapid > 30.00 High or very high

Source: U.S. Department of Agriculture, Natural Resources Conservation Service (2017)
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Appendix 3

Water sampling concentration

Concentration

Parameters River 3/26/2016 4/10/2016 _ 4/23/20165/8/2016 _ 7/17/2016 _ 10/23/2016 _ 11/6/2016 _ 11/20/2016 _ 12/4/2016
Al(mgL™?)  Sangharus 1.50 0.68 0.44 0.72 0.25 0.06 0.08 0.06 0.03
Sekampung Hulu 1.52 1.08 0.80 1.76 0.87 0.08 0.33 1.02 0.87
Ca(mgL™)  Sangharus 4.01 4.72 5.41 5.18 8.89 6.98 6.79 6.20 4.97
Sekampung Hulu 1.03 1.73 2.38 1.80 3.35 2.86 2.65 1.82 1.79
Cl(mgL™?)  Sangharus 1.14 1.10 1.11 1.14 1.25 1.06 1.09 1.13 1.10
Sekampung Hulu 0.96 0.90 0.87 0.96 1.06 0.87 0.79 0.87
DO (mgL™)  Sangharus 5.80 5.20 6.10 5.40 6.73 5.50 5.60 6.00 6.20
Sekampung Hulu 6.80 5.60 5.20 7.80 7.29 5.90 5.40 5.40 5.30
EC (mScm™) Sangharus 1.50 47.10 58.40 31.10 12.60 70.20 70.80 61.00 38.30
Sekampung Hulu 35.60 27.46 40.70 23.05 5.20 30.40 25.87 23.55 23.26
Fe (mg L) Sangharus 0.70 0.41 0.34 0.41 0.23 0.09 0.11 0.08 0.05
Sekampung Hulu 0.63 0.62 0.62 0.83 0.60 0.17 0.33 0.54 0.47
K (mg L™) Sangharus 1.61 1.64 1.80 1.83 2.70 2.09 2.16 2.08 1.73
Sekampung Hulu 0.83 1.21 1.39 1.34 1.87 1.45 1.46 1.30
Mg (mg L)  Sangharus 1.37 1.70 1.95 1.85 3.48 2.55 2.49 2.27 1.75
Sekampung Hulu 0.30 0.54 0.69 0.52 1.10 0.86 0.78 0.54 0.51
Na (mg L)  Sangharus 4.67 5.30 6.00 571 9.62 7.79 7.69 7.08 5.82
Sekampung Hulu 2.69 3.18 3.50 3.24 4.22 3.79 3.72 3.08 3.18
NOs; (mg L)  Sangharus 1.40 1.23 1.19 1.34 0.58 0.91 1.00 1.01 1.06
Sekampung Hulu 0.73 0.61 0.47 0.23 0.54 0.44 0.88 0.78
pH Sangharus 7.1 75 8.3 8.5 6.4 9.6 8.3 8.8 7.4
Sekampung Hulu 6.7 7.3 8.1 7.8 6.0 8.5 8.3 8.1 7.6
PO4s(mg L)  Sangharus 0.12 0.18 0.27 0.23 0.42 0.11 0.12 0.10 0.07
Sekampung Hulu 0.02 0.06 0.07 0.07 0.14 0.00 0.00 0.00 0.00
Si(mgL?)  Sangharus 20.9 22.8 25.1 24 36.4 304 29.6 27.8 234
Sekampung Hulu 12.1 14.4 15.6 15.1 19.7 16.3 16.2 13.8 13.7
SOs(mg L)  Sangharus 3.01 3.39 4.05 3.95 7.66 5.78 5.57 511 3.92
Sekampung Hulu 1.90 1.00 0.88 1.24 0.97 0.87 0.96 1.36 1.09
Water Sangharus 28.30 30.50 28.20 29.10 26.20 25.50 29.90 30.10 25.40
Temperature  Sekampung Hulu 27.60 30.20 28.10 29.80 27.31 25.70 29.70 30.00 25.70
(9]

March — July 2016: secondary data (Somura et al. 2019), Oct — Dec 2016: primary sampling
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