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INTRODUCTION 
 

Nitrogen (N) and Phosphorus (P) are essential chemical/nutrient content for living things, one of which is plants [1]. In plants, the 

chemical content is very useful in photosynthesis, stimulating root growth, albumin formation, cell division for leaves, fruit and 

flower formation, strengthening stems, accelerating fruit ripening, improving plant quality, and increasing plant resistance to 

diseases [2]. Without realizing N and P's chemical content will be affected by the surface flow (draining), soil fertility will be 

reduced, and the high content in rivers or bodies of water will be eutrophication (water pollution). 

 

Phosphorus content of > 0.030 mg P / l and nitrogen > 0.600 mg N / l in water, both or one of them will stimulate phytoplankton 

to grow and multiply rapidly, resulting in blooming (eutrophication) due to the transfer of N and P content from upstream [3]. The 

transfer of N and P (transport nutrient) content from upstream to the water body depends on land cover and land use patterns. 

Vegetated land will maintain nutrients N and P and conversely, the transfer of nutrients can be accelerated due to human activities 

upstream [4].  

 

One of the patterns of land use that can accelerate nutrient transfer is intensive agriculture [ 5]. The chemical content of N and P 

on agricultural land is easily affected by surface flow at the time of rain coupled with excessive use of fertilizers and does not 

follow the rules of soil conservation so as to produce agricultural waste and enter the body of water. This can affect the quality of 

Abstract 
Nitrogen (N) and phosphorus (P) are nutrients or chemical content needed by living things, one of which is plants.This content 

can be transported by run off to rivers or water bodies so that it has an impact on soil fertility and high content in rivers causing 

eutrophication (water pollution).This can be accelerated by human activitie, namely land use patterns.Therefore, efforts in 

controlling the impact through value or cost approach in the form of water treatment in minimizing the content of N and P in 

rivers and fertilization costs on land use patterns in restoring soil fertility. This study aims to (1) analyze the content of N and P 

rivers in each land use outlet; (2) know how much value or water treatment in minimizing the content of N and P in the river and 

the cost of fertilization on the pattern of land use in restoring soil fertility. This research is a descriptive type of research using a 

survey method that is to take samples and water observations by purposive sampling.  Water sampling was conducted at four 

different land use outlets in Bulan Sub-Watershed of the which is the upstream Jeneberang Watershed that serves as a catchment 

area for water and water suppliers in Bili-Bili Reservoir as well as water raw materials of Tirta Jeneberang Municipal 

Waterworks. The results showed that the use of agricultural forest land chemical content in the form of N and P is greater than 

pine forest. In addition, pine forest outlets can save water treatment costs in minimizing N and P by IDR 2.747.946.765 while the 

cost of fertilization on agricultural land is 5-6 times greater tha pine forests. 
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water from the Bulan Sub-watershed upstream Jeneberang watershed where there is dryland agriculture in the Subwatershed. In 

contrast to forest cover, it can reduce erosion or transfer of nutrients to rivers and maintain water quality.  The forest area in the 

Bulan Subwatershed is 753.40 acres (42,50%) and non-forest 1.019,48 acres (57,50%) which includes dryland farming of 240.96 

acres (13,59 %) (Spot Image Analysis 6 and 7 of 2018).   

 

Sub Watershed Bulan is a subwatershed located in Jeneberang watershed that serves as a catchment area and water supplier in 

Bili-Bili Reservoir. [6] The results showed that eutrophication had occurred in the Jeneberang River and was in hypertrophic status 

and in the Bili-Bili Reservoir with nitrogen values of 101,146 mg/l and phosphorus of 1,129 mg/l. Agricultural activities in the 

Sub-Watershed of the Bulan resulted in a decrease in N and P's chemical content that moved to the river to the downstream area 

of bili-bili reservoir. As a result, the impact on water quality from upstream to Bili-Bili reservoir was used as Tirta Jeneberang 

Municipal Waterworks as water raw material to meet the needs of Gowa Regency people. Also, N and P's content that are 

transported to the river resulting in infertility on the land, will be reduced so that it requires fertilization in restoring land on 

agricultural land.  Based on this, to reduce the occurrence of transportation of N and P, which has an impact on land fertility and 

the occurrence of eutrophication in water bodies, this research is expected to be a source of reference and information, especially 

in the upstream area on the importance of land processing that follows the rules of land and water conservation and maintain forests 

that have the function of reducing nutrient transportation to rivers and maintaining water systems in addition to saving costs 

incurred compared to other land use. This study analyzed the chemical content of water in nitrogen and phosphorus at various land 

closures / uses in sub-watersheds. Then set how much value or cost in minimizing N and P that has passed the specified threshold. 

Also, N and P's content that is transported to the river resulting in infertility on the land will be reduced so that it requires the cost 

of fertilization in restoring soil fertility. 

    
 

MATERIALS AND METHODS 
  

Research Location 

This research was conducted in December 2019, located in Sub Watershed Bulan, one of the Sub watersheds of jeneberang 

watershed. Administratively, this sub-watershed is located in Tinggimoncong and Tombolo Pao subdistricts, Gowa Regency. 

Analysis of water samples was conducted in the Laboratory of Livestock Food Chemistry Department of Nutrition and Livestock 

Food Faculty of Animal Husbandry Hasanuddin University.  

 

Materials and Tools Used 

The tools used in this study are the Global Positioning System (GPS), Current Meter Improvised Mappangaja discharge measuring 

instrument, stopwatch, water bottle, drop pipette and bean glass, meter, Rafia rope, mask, gloves, and cool box. The materials used 

in this study were water samples from rivers, ice cubes and concentrated sulphuric acid (H2SO4). 

 

Location Determination 

Determination of water sampling locations is done purposive sampling at three river locations with different closure/land use 

conditions and one of the main rivers where the three rivers meet. Land use is based on the analysis of Spot Image 6 and 7 of 2018. 

Map of land use capture location can be presented in Figure 1.Sampling location, namely:   

 

a. Outlet 1: The river is administratively located in The Village of Malino Tinggimoncong District with the closure/use of land 

in the form of Pine Forest (100%). 

b. Outlet 2: Rivers that are administratively located in the Village Erelembang DryLand Agricultural District (95.22%), 

Settlements (2.08%), Pine Forest (2.08%), Shrubs (0.48%) and DryLand Agriculture Mixed With Shrubs (0.14%) 

c. Outlet 3: Rivers that are administratively located in Pattapang Village, Tinggimoncong District with the closure/use of 

Plantation land (75.89%), Dry Land Agriculture (18.99%), Shrubs (4.68%), and Settlements (0.44%)  

d. Outlet 4: In the main river meeting of the three rivers or research sample points that are administratively located in the village 

of Gantarang Tinggimoncong District with the closure/land use in the form of Pine Plantation Forest (37.76%), Rice Fields 

(21.57%), Dry Land Agriculture (18.50%), Dry Land Agriculture Mixed Shrubs (8.86%), Shrubs (6.03%), Plantations 

(5.15%) and Settlements (2.12%). 
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Fig. 1: Land Use Map and Sampling Location 

 

 

MEASUREMENT METHOD 
 

a. River Discharge Measurement  

The discharge of river water can be known by measuring the cross-section of the river and the speed of water flow in the river. 

Debit measurement is carried out at various depths. 

 

b. Water Sampling  

Water sampling begins by searching for points entered into the Global Position System (GPS). A sampling at three different 

points was taken at the same time and the point after the meeting the river was taken five hours from the discussion after the three-

point retrieval of the river to ensure that the water from the three Sub watersheds had met or mixed.  Sampling in river water is 

taken by grab sample. Sampling with two repetitions. Sampling in the middle of the river and located at half the river's depth so 

that it is needed measurement with a meter. Water collection using a bottle is then put in a cooling box containing ice cubes to 

prevent the occurrence of chemical reactions or reactions caused by microorganisms in the water so that it is maintained to remain 

as natural. Samples were then taken to the Laboratory of Livestock Food Chemistry Department of Nutrition and Livestock Food 

Faculty of Animal Husbandry Hasanuddin University in less than 24 hours. 

 

c. Analysis of Water Chemical 

 

Table 1:Water Chemistry  Analysis Methods 

Parameter  Unit  Method / Tool Analysis Description 

Nitrogen mg/l  Kjehdal Method Laboratory Testing 

Phosphorus mg/l  Spectrophotometer Method Laboratory Testing 
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RESULT AND DISCUSSIONS 
  

A. Sub Watershed Bulan Overview   

Sub Watershed Bulan is one of the sub-watersheds located in jeneberang watershed that serves as a catchment area and water 
supplier in Bili-Bili Reservoir. Administratively Sub Watershed Bulan is located in Tinggimoncong District and Tombolo Pao 
District Gowa Regency. The geographical location of the Sub Watershed of the Bulan is located between 5º14′26.53" - 5º14′12.94" 
South Latitude and 119º50′4.65" - 119º54′48.28" East Longitude. Land closure/use in Sub Watershed Bulan based on Spot Image 
6 and 7 of 2018. 
 
 
B. Water Chemical Content (Nutrients) of Bulan Sub-Watershed 

 

Tabel 2: Water Chemical Content (Nutrients) of Bulan Sub-Watershed 

Sampling 

Location 
Land Use Source* 

Water Chemical Content 

Nitrogen  

(mg/l) 

Phosphorus 

 (mg/l) 

Outlet 1 PF (100%) 0,144 0,018 

Outlet 2 
DLF (95,22%), St (2,08%), PF (2,08%), 

Sb(0,48%) and  DAMS (0,14%) 

0,793 0,051 

 

Outlet 3 
Pt (75,89%), DLF(18,99%), Sb (4,68%), 

dan St (0,44%) 

0,541 0,022 

Outlet 4 

PF (37,76%), RF (21,57%), DLF (18,50%), 

DAMS (8,86%), Sb (6,03%), Pt (5,15%) 

dan St (2,12%) 

0,757 0,047 

Description *: PF = Pine Forest; DLF = DryLand Farming; DAMS = DryLand Agriculture Mixed With Shrubs; St = Settlement; 

RF = Rice Fields; Sb = Shrub, Pt = Plantation 

 

1. Nitrogen  

The water chemical content of nitrogen content in the Bulan sub-watershed ranges from 0,144-0,793 mg/l. The highest nitrogen 

content value is located 2 with a value of 0,757 mg / l, while the lowest is at location 1 with a value of 0,144 mg / l. The results of 

research in the Jeneberang upstream watershed showed nitrogen content obtained by 100,65 mg / l6. The standard value of nitrogen 

content in eutrophic waters is >0,600 mg/l [3]. The high nitrogen content at locations 2 and 4 that pass the bar threshold >0.600 

mg / l is suspected of coming from agricultural waste activities, especially the use of fertilizers. This is because, at the location, 

there is agricultural activity. Waste agricultural activities can also cause pollution of river water due to excessive use of fertilizers, 

pesticides, and herbicides impacting water bodies' quality [7].  The location of 2 land use that dominates is dryland agriculture in 

the form of horticultural crops where the planting pattern is mostly monoculture with the need for fertilizer.  Also, the land use 

does not apply terraced so that the nitrogen content in fertilizers is easily transported and enters the river.   

 

The area of the water catchment area in location 2 is 108,24 ha, while in a site dominated by pine forest is larger is 129,24 ha. 

Although at location 1 the site is more significant than location 2, the nitrogen content is different. Nitrogen content at location 2 

is five times greater than location 1. It is suspected that Pine Forest can suppress surface flow in the rain because it is influenced 

by vegetation or lower cover plants. In Pine Forest, there is soil cover of various types and has a density of about 85%. [8] The 

existence of forests on the right-left side of the river and maintaining the stability of river cliffs can also lower the level of waste 

and hazardous chemicals in water bodies. 

 

2. Phosphorus 

The water chemical content of phosphorus content in the Bulan sub-watershed ranges from 0,018-0,051 mg/l. The highest 

phosphorus content value is located 2 with a value of 0,047 mg/l, while the lowest nitrogen content value is at location Outlet 1 

with a value of 0,018 mg/l. The research results in the Jeneberang upstream watershed that its phosphorus content is 1,471 mg /l 

[6]. The standard value of phosphorus content in eutrophic waters is >0,030 mg/l [3]. 

 

The high phosphorus content that exceeds the threshold of 0,030 mg/l is found at sample Outlets 2 and 4. At sample Outlet 4 is a 

mixed outlet whose source comes from outlets 1, 2, and 3 so that the land usage contained in sample Outlet 4 is more varied than 

other sample Outlets. At the sample Outlet 4 the most dominant land use is dryland agriculture in horticultural crops. The 

agricultural sector is thought to be a significant source of pollutants to waters, including lakes. This can happen due to excessive 

use of fertilizer. Also, anthropogenic sources of phosphorus come from animal excrement, the use of chemical fertilizers and 

manure and pesticides on agricultural land that contributes considerably to phosphorus [9].  
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C. Value of Land Use   

1. Water Treatment Costs 

Table 3: Bulan Sub-Watershed Water Management Cost Analysis 

 

Table 2 that the amount of water management costs incurred by the PDAM Water Management Installation during 2019 is IDR 

2.747.946.765 The water source from the Water Management Installation comes from the Bili-Bili DAM where one of the 

catchment areas is located in the Sub Watershed of the Bulan. The water production capacity of all PDAM Water Management 

Installations is 11.983.680 m3.  

 

From the analysis of water management costs for the normalization of nitrogen and phosphorus water's chemical content, the price 

for water management derived from Bili-Bili DAM amounted to IDR 2.747.946.765.  The cost of water management in the 

upstream area (Sub Watershed Bulan) with an area of 1,191.88 ha of IDR 85.174.670. The results of this study found that in the 

catchment with pine forest outlets, the chemical content of water in the form of nitrogen and phosphorus did not exceed the set 

limit. In addition to water quality, it is maintained and saves money, amounting to IDR 2.747.946.765. 

 

The role of forests in maintaining water quality is demonstrated by research in Costa Rica, which states that the implementation 

of forest watershed programs has reduced sedimentation levels by 69% and reduced the cost of improving water quality by US$ 

2,000 every Bulan. In addition, forests can efficiently conduct nutrient and chemical cycles, control surface flow (rivers) from 

falling rainwater and lower sediment content (turbidity), thus lowering the content of pollutants from water bodies such as 

phosphorus and heavy metals[10]. [8] Pine forests can maintain water quality, so it is still feasible for people around the forest to 

use for daily needs such as bathing, washing, and agriculture. However, river water conditions are not feasible to be used as 

drinking water, except for the water that comes from forest areas and has not been contaminated by pollutants from other land 

uses. Based on this, if all catchment are upstream in the form of pine forest land use, then there is an application in neutralizing 

nitrogen and phosphorus content in each outlet 

 

2. Fertilization Fee 

The analysis of the value of the cost of fertilization on land use in the sub-watershed of the month obtained nitrogen and phosphorus 

levels in the fertilizers that enter the river. The runoff influences the influx of nitrogen and phosphorus content into the river can 

occur during rain.  Rainfall during the month of March is 654 mm (Malino Station, BMKG). It is assumed that the amount of 

nitrogen and phosphorus levels that enter the river that occurs during the rain of widespread unity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Nitrogen Fertilizer Content  

 

Based on Fig. 2, Nitrogen content obtained from fertilizers used consists of organic fertilizers and organic fertilizer. Organic 

fertilizer in the form of chicken manure and an organic (chemical fertilizer) in urea, phonska and ZA. Nitrogen content in fertilizer 

is highest in outlet 2 dominated by dryland agriculture consisting of manure 0.00025 kg / acres, urea 0.0036 kg / acres, phonskha 

0.0012 kg / acres and ZA 0.0017 kg / acres. While the lowest nitrogen content is in outlet 1 dominated by pine forest consists of 

manure 0.00005 kg / Ha, urea 0.0007 kg / acres, phonskha 0.0002 kg / acres and ZA 0.0003 kg / acres. 

Outlet Location 
Catchment 

Area (Acres) 
Percentage Area (%) 

Chemical Costs  

(IDR) 

Water Treatment 

Costs  (IDR) 

Outlet 1 (Sub DAS Bulan) 129,24 0,34 

2.747.946.765 

 

9.235.634,31 

Outlet  2 (Sub DAS Bulan) 108,24 0,28 7.735.369,52 

Outlet  3 (Sub DAS Bulan) 76,20 0,20 5.445.649,36 

Outlet  4 (Sub DAS Bulan) 1.191,88 3,10 85.174.669,75 

Catchment Dam Bili-Bili 38.452,96 100 2.747.946.765 
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Fig. 3: Phosphor Fertilizer Content  

 

In Figure 6, the phosphorus content of fertilizer is equal to the nitrogen content in comparison, where the highest is found in outlet 

2 (dryland farming) and the lowest in outlet 1 (pine forest). In outlet 2 the phosphorus content of manure is 0.000016 kg/acres and 

phonska is 0.000076 kg/acres while the outlet 1 phosphorus content of manure is 0.000006 kg/acres and phonska is 0.000026 

kg/acres. Between manure and phonska fertilizer (chemical fertilizer), the highest phosphorus content is phonska by 15%. 

Phosphorus content between outlet one and outlet 2 found that outlet 2 is three times greater in value than outlet 1. While the 

nitrogen content of fertilizer, outlet two value is six times greater than outlet 1. The analysis of nitrogen and phosphorus levels of 

fertilizers showed that the use of nitrogen fertilizer levels is higher than phosphorus. Most farmers only give low dose P fertilizer 

compared to N fertilizer which is relatively high[11]. Nitrogen Fertilizer (N) plays an important role in increasing agricultural 

production. However, plants absorb only 30% of the given Nitrogen (N) fertilizer[12]. From the analysis of nitrogen and 

phosphorus levels of fertilizers, the value requires cost. 

 

Table 3:Fertilization costs on land use 

Outlet Location Outlet 1 Outlet 2 Outlet 3 Outlet 4 

Land use 

PF (100%) DLF (95,22%), St 

(2,08%), PF (2,08%), 

Sb(0,48%) and  

DAMS (0,14%) 

Pt (75,89%), 

DLF(18,99%), Sb 

(4,68%), dan St 

(0,44%) 

PF (37,76%), RF (21,57%), 

DLF (18,50%), DAMS 

(8,86%), Sb (6,03%), Pt 

(5,15%) dan St (2,12%) 

Fertilizer Content 

(Kg/Acres)  

    

Nitrogen :  

Cage 0,00005 0,00025 0,00015 0,00024 

Urea  0,0007 0,0036 0,0022 0,0035 

Phonska  0,0002 0,0012 0,0007 0,0011 

ZA 0,0003 0,0017 0,0010 0,0016 

Phosphorus :          

Cage 0,000006 0,000016 0,000007 0,000015 

Phonska 0,000026 0,000076 0,000033 0,000070 

Fertilizer Price  (IDR/ Kg)  

Cage 450 

Urea  2.500 

Phonska  3.000 

ZA 2.000 

Fertilizer Cost 

(IDR/Acres) 

 

Cage 0,02 0,12 0,07 0,12 

Urea  1,66 9,12 5,39 8,71 

Phonska  0,73 3,80 2,21 3,62 

ZA 0,61 3,33 1,97 3,18 

Description *: PF = Pine Forest; DLF = Dry Land Farming; DAMS = Dry Land Agriculture Mixed With Shrubs; St = Settlement; 

RF = Rice Fields; Sb = Shrub, Pt = Plantation 
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Based on the analysis of the cost of fertilization Sub Watershed Bulan obtained that outlet 2 (domination of dryland farming) more 

tingggi fertilization costs than others. At the same time, the lowest is outlet 1 (domination of pine forest). The ratio of the two is 

5-6 times. The greater the level of N and P that enter the river sourced from fertilizer use, the higher the use of economic value or 

costs incurred in land use. The chemical content of water can be increased and accelerated if land use activities in agriculture are 

more widespread than in wooded areas. Considering sub-watershed Bulan is upstream watershed that accommodates and stores 

rainwater to then channel it to Bili-Bili Reservoir. Although Bulan Sub-Watershed's location is 1.191,88 acres, there are 

agricultural activities in it; if agricultural activities are more widespread over time and do not apply soil conservation, then most 

likely, the chemical content of water is also more significant than that of wooded. In the device research Piranti et al. [13] in the 

Mrica Reservoir Water Catchment Area, nutrient transport on moorland use is five times greater than that of mixed forests. On the 

moor, the nutrient load is 2.743.063,27 kg/year, while the mixed forest is 554.537,62 kg/year for the moor area five times wider 

than the mixed forest. 

 

 

CONCLUSION 
 

Water chemical content (Nitrogen and Phosphorus) in the Sub Watershed Bulan is the highest land use dominated by dryland 

agriculture with a value of N of 0.793 mg / l and P of 0.051 mg / l.   In addition, pine forest outlets can save water treatment costs 

in minimizing Nitrogen and Phosphorus by IDR 2.747.946.765 while the cost of fertilization on agricultural land is 5-6 times 

greater tha pine forests. 
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