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ridge) system and chemical fertilizers/pesticides has 
been becoming widely adopted by farmer [2] to meet 
the above requirement. However, the system in fact 
could accelerate land and environment degradation, 
either at cultivation sites or its surrounding areas [3, 4], 
More detail, [5] reported that the application of the 
vertical-ridge system in potato cultivation at the upper 
stream of Serayu watershed, Central Java caused 
severe runoff and soil loss raged from about 1,358–
1,435 m3/ha/year and 56.24–145.75 ton/ha/year, 
respectively. Furthermore, it produced severe 
sedimentation at Serayu river of about 4.3 million 
m3/year, and contaminated the water up to 100 mg/L 
COD and 16.50 mg/L BOD [6]. 

The use of the horizontal-ridge (contour-ridge) 
system in potato cultivation at several highland areas 
in Indonesia has been introduced and evaluated. For 
instance, [2] introduced the system in highland 
agriculture area of East Java having slope of 35%, and 
found that it could reduce runoff and soil loss up to 
31.44 and 37.97%, respectively. More specifically in 
Serang village, Central Java, [5] evaluated the 
applicably of the horizontal-ridge system with slope of 
15%, and reported that it could reduce soil loss up to 
73.21%. Furthermore, [7] found that the runoff and soil 
loss in the horizontal-ridge system with the slope of 
10.5% were about 33.70 and 62.50% lower than those 
in the vertical-ridge system, respectively. Even those 
could be more effective reduced up to 17 and 67% in 
the field with slope of 56.5%. Nonetheless, the 
horizontal-ridge system was yet insufficient to support 
the optimal production of the crop, since it tended to 
lower the growth/yield up to 12.4%. This problem might 
be due to waterlogged condition in the ridge 
encouraging the activity of soil pathogen ([8]. 

Biochar is nowadays becoming popular to be used 
in the horticultural commodities cultivation. It is a 
powerful agent for improving soil quality as well as for 
long-term bio-remediating soil from pollutants. More 
detail, the biochars can enhance aeration, water 
holding capacity, and cation exchange capacity 
(CEC) of soil [9, 10, 11, 12, 13]. The material can also 
neutralize acid soils, and the vinegar of its making 
process can be used as botanical control for crop 
pests and diseases [11, 14]. For instance, [15] reported 
that the combination of the rice-husk charcoal and 
compost in the potato-growing pot could improve the 
physical (i.e., water content, dry bulk density, hydraulic 
conductivity) and biochemical properties (pH and 
electrical conductivity) of soil, thus could enhance the 
growth and yield.  

According to the above matters, there should be a 
need to develop the sustainable farming system for 
potato crop for not only conserving the soil/land and 
surrounding environment from erosion, but also for 
maintaining the optimal crop production. For this 
purpose, we conducted the research focusing on the 
identification of water and nutrient dynamics as well 
as balance in potato-cropping field under the 
horizontal-ridge system in combination with different 
fertilizers and biochars application. 
 

2.0 EXPERIMENTAL 
 

The experiment was carried out in Serang 
highland agriculture, Purbalingga regency, Central 
Java province, Indonesia (Figure 1) with typically 
Andisol soil (Table 1). The totally 10 potato-cropping 
plots (3 m x 3 m large) involving the horizontal-ridges 
(0.8 m interval) with 2 different types of fertilizers, 
namely inorganic (NPK: 146 kg/ha N, 310 kg/ha P2O5, 
288 kg/ha K2O) and organic fertilizer (equalized to NPK 
rate or about 20 ton/ha) combined 3 different types of 
biochars, namely control (without biochar), rice-husk 
and wood charcoals of 5 and 10 ton/ha each, were 
prepared (Figure 2 and 3). The crop was then sowed in 
the ridges within 0.5 m interval. 
 

 
 
Figure 1. Map of Serang highland agriculture, Purbalingga 
regency, Central Java province, Indonesia as the main 
location of the experiment 

 

 
 
Figure 2. Schematic diagram of the field monitoring for water 
and nutrient balance in potato-cropping field 
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BACKGROUND OF THE PROJECT 

Agricultural sector plays a strategic role for economic development since it serves as 
a part of economic system. In fact, the agriculture is not only provides food and raw 
materials, but also gives employment opportunities to a very large proportion of 
communities either in city/urban or rural areas. Furthermore, it has also a great 
significance in international/global trade as well as foreign exchange resources, 
which in turn might increase a country’s GNP value. For instance, according to the 
data of the Indonesian Ministry of Agriculture (2013), the agricultural sector capable 
to involve about 46.5% of the total productive employment, and contribute to about 
14.7% of the total GNP. 

Serayu watershed is one of the biggest watersheds in Java island, Indonesia with 
catchment area of 4,375 km2 (coordinate: 7o24’49.9” - 7o40’42.2” S,  109o6’49.5” - 
109o48’36” E), elevation of 0 - 2,500 mm above sea level, and annual precipitation of 
2,500 - 4,000 mm per year. The watershed has about 11 sub-rivers, which is 
connected to the main river of 180 km in length (average monthly flow rate: ~ 2,800 
m3/s), and covers four regencies, such as Wonosobo, Banjarnegara, Purbalingga, 
Banyumas, and Cilacap regency (Fig. 1). Regarding land use system, the upland 
agriculture including horticulture crop and shifting cultivation is largest in proportion 
(38.2% or 141.485,95 ha) of the total area, followed with rice field (20.2% or 
74.826,29 ha), and agroforestry (12.7% or 47.085,99 ha). The remaining areas 
include tropical forest, and are used for housing, transport facilities, and industries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Serayu watershed covering various land use systems: highland agriculture, 
rice field, and coastal environment 
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2. Field (plot) scale monitoring 

About 10 experimental plots of potato crops with 3 m x 3 m in large and slope of 15 % 

(Fig. 6) were prepared for 3 replication of treatments including NPK fertilizer  (200, 300, and 

150 kg/ha, respectively) and organic fertilizer (equalized to NPK rate) combined with 

different types and rates of biocharcoals (no-biocharcoal/control, and wood and rice-husk 

charcoal with 5 and 10 kg/ha each) (Table 2). The horizontal ridge was constructed on the 

plots with interval of 0.8 m prior to fertilizers and biocharcoals applications. The crop was 

then be planted in the ridges with cropping interval 0.5 m. Soil moisture sensors and pressure 

transducers were installed in the plots within depth of 0.1 and 0.2 m, and they were connected 

to data logger to monitor real time change in soil water content and matric potential (water 

holding capacity), respectively. A mini weather station supporting equipment such as rain 

gauge with tipping bucket type, thermometer, hygrometer, pyranometer, and wind speed-

meter were also set in the field. In addition, the plot was bordered by plastic plat and 

sediment collectors were installed at the downstream part of the plot for collecting runoff. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Fig. 6. Schematic diagram of 1st year field monitoring for water and nutrient balance in potato 

plantation field 
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Figure 3. Combination of the field experimental treatment for 
water and nutrient balance in potato-cropping field   
 

Soil volumetric-water content of the plots at the 
depth of 0.15 m was daily monitored by using EC-5 
moisture sensor (Decagon Device Inc.). Other soil 
physical properties including dry bulk density and 
hydraulic conductivity were monthly sampled by using 
100-cc core sampler. Soil nitrogen (N) and phosphorus 
(P) contents of the plots were monthly analyzed, while 
crop N and P storages were determined at harvesting 
time. Runoff and soil loss from the plots were measured 
at every rainfall events by using sediment collectors, 
and N and P loss from those two erosion processes 
were analyzed at laboratory. Rainfall and other 

microclimate data including solar radiation, aerial 
temperature, relative humidity (RH), and wind speed 
were daily measured by using mini-weather station 
(Davis Instrument Corp.). 

The above collected data were then analyzed and 
modeled to provide the basic parameters of material 
balance by using certain methods as follows: 
- Soil water content and bulk density were determined 

by using gravimetric method. 
- Soil hydraulic conductivity were measured by using 

falling head method. 
- N and P content of each compartement or process 

(soil, erosion, and crop) were analyzed by using 
Kjeldahl and Calorimetric method, 

- Evapotranspiration (ET) was calculated based on the 
microclimate data by using Penman-Monteith 
method. 

- Water and nutrient balance calculation using 
Equation 1 and 2. 
 
∆𝑆! = 𝑃! + 𝐼! − 𝑅! − 𝑃𝑐! − 𝐸𝑇!   (1) 
∆𝑆! = 𝑃! + 𝐼! + 𝐹! − 𝑅! − 𝑃𝑐! − 𝑈𝑝!                                                                 2  
 
where, Pw, Iw, Rw, Pcw, and ETw is the added or 
depleted water by the rainfall, irrigation, runoff, 
percolation, and evapotranspiration, respectively, 
while Pn, In, Fn, Rn, Pcn, and Upn is the loaded nutrient 
by the rainfall, irrigation, fertilizer, runoff, percolation, 
and crop, respectively. 

 
 

Table 1 Physical properties of Serang’s Andisol soil a 

 
Parameter 

 
Unit 

 
Value 

 
 

Texture (sand ; silt : clay) 
 
g/g  

 
0.37 : 0.48 : 0.15 (silt loam) 

 
Particle density, ρs g/cm3 2.42 

 
Dry bulk density, ρb g/cm3 0.69 

 
Volumetric water content 

at saturation. θs 
cm3/cm3 0.53 

 
Volumetric water content 
at near wilting point, θwp 

cm3/cm3 0.14 

Soil organic matter (SOM) g/kg 0.094 

   

 

 
 
3.0 RESULTS AND DISCUSSION 
 
3.1   Soil Water Dynamics 

 
Figure 4 shows the dynamics of soil water (in 

volumetric base, Θ) in potato-cropping field under 
the horizontal-ridge system with inorganic (A) and 
organic fertilizer (B) in combination with different 
types and rates of biochars. In general, the 
combination of inorganic fertilizer with biochars was 
about 20% less effective in maintaining soil water 

compared to the combination of inorganic fertilizer 
with biochars. Among the types and rate of biochars 
applied, wood charcoal of 10 ton/ha was the best 
amendment to store water in soil, in which it was able 
to enhance volumetric water content 24 – 39% higher 
than the control (without biochars).  

The difference capability among the above 
treated field-soils in storing water depended on the 
change in soil physical properties, especially 
saturated hydraulic conductivity (Ks), which was 
affected by the treatments. According to Figure 5, 
the saturated hydraulic conductivity of the soil with 
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organic fertilizer – biochars combination was in 
average about 40% higher than that with inorganic 
fertilizer – biochars combination. Furthermore, the soils 
with biochars (rice-husk and wood charcoal) of 5 
ton/ha resulted in better saturated hydraulic 
conductivity than those of 10 ton/ha. 

(A) Inorganic fertilizer – biochars combination 

(B) Organic fertilizer – biochars combination 
 
Figure 4. Soil-water dynamics in potato-cropping field under 
the horizontal-ridge system with: (A) Inorganic and (B) 
Organic fertilizer in combination with different types and 
rates of biochars 

 
Figure 5. Soil-saturated hydraulic conductivity of the potato-
cropping field under horizontal-ridge system with different 
types/rates fertilizer and biochars 
 
3.2   Soil Nutrients Dynamics 

The dynamics of nitrogen (N) in potato-cropping 
field under the horizontal-ridge system with inorganic 
(A) and organic fertilizer (B) in combination with 
different types and rates of biochars is shown in 
Figure 6. The N content for most the treatments, 
except total N in inorganic fertilizer – biochars 

combination, increased up to 20 days after sowing 
(DAS), and then decreased until harvesting time, 
which was might be due to the increase in 
decomposition rate and crop uptake, respectively. 
Specificallly, the availability of N in organic fertilizer – 
biochars combination was higher than that in 
inorganic fertilizer – biochars combination. Increasing 
the rate of biochars from 5 to 10 ton/ha might 
reduce the storage capability of N, either in the 
former or latter combination. Futhermore, the 
application of wood charcoal was 5-8% more 
effective in enhancing the available N, especially in 
the latter combination. 

(A) Inorganic fertilizer – biochars combination 

 
(B) Organic fertilizer – biochars combination 

 
Figure 6. Soil-N dynamics in potato-cropping field under the 
horizontal-ridge system with: (A) Inorganic and (B) Organic 
fertilizer in combination with different types and rates of 
biochars 
 

Figure 7 shows the dynamics of phosphorus (P) in 
potato-cropping field under the horizontal-ridge 
system with inorganic (A) and organic fertilizer (B) in 
combination with different types and rates of 
biochars. In contrary to N, the total and available P in 
organic fertilizer – biochars combination was lower 
than the inorganic fertilizer – biochars combination. 
However, as compared to rice-husk charcoal, the 
application of wood charcoal was still better in 
maintaining P for both combinations. 

The above results indicated that the application of 
biochars in a cultivation field was important to 
maintain and store soil water [10, 13]. Furthermore, 
those might also enhance and maintain the 
availability of soil nutrients [11, 12] as well as to 
increase crop productivity [9].  
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(A) Inorganic fertilizer – biochars combination 
 

 
 

(B) Organic fertilizer – biochars combination 
 
Figure 7. Soil-P dynamics in potato-cropping field under the 
horizontal-ridge system with: (A) Inorganic and (B) Organic 
fertilizer in combination with different types and rates of 
biochars 
 
3.3   Soil Water and Nutrients Balance 

The water balance in potato-cropping field under 
the horizontal-ridge system with inorganic and 
organic fertilizer in combination with different types 
and rates of biochars is shown in Figure 8. The water 
storage capability of the organic fertilizer – biochars 
field was better than that in the inorganic fertilizer – 
biochars field, in which the former was able to 
maintaining water about 20% higher than the latter.  

 
Figure 8. Soil-water balance in the potato-cropping field 
under horizontal-ridge system with different types and rates 
fertilizer and biochars 
 

Figure 9 and 10 shows the nitrogen (N) and 
phosphorus (P) balance in in potato-cropping field 
under the horizontal-ridge system with different 
types/rates of biochars, respectively. Loss of N and P 

by percolation (or subsurface flow) was dominantly 
occurred in both inorganic fertilizer - biochars and 
organic fertilizer – biochars fields, and those agreed 
with the results of [16, 17]. The loss of N and P by 
erosion process in the latter fields was higher than 
those in the former field. Furthermore, the N and P 
storage in the latter field was in average about 45% 
and 9% higher than those in the former field, 
respectively. 

 
 
 
Figure 9. Soil-N balance in the potato-cropping field under 
horizontal-ridge system with different types/rates fertilizer 
and biochars 

 
 
Figure 10. Soil-P balance in the potato-cropping field under 
horizontal-ridge system with different types/rates fertilizer 
and biochars 
 
4.0 CONCLUSION 
 
1. Soil-water balance in potato-cropping field under 

horizontal-ridge with different types/rates of 
fertilizers and biochars has been successfully 
assessed, in which the combination of organic 
fertilizer – biochars had more effective water 
storage than that of inorganic fertilizer – biochars. 

2. Soil-nutrients balance in potato-cropping field 
under horizontal-ridge with different types/rates of 
fertilizers and biochars has been successfully 
quantified, in which the combination of organic 
fertilizer – biochars gave higher nutrient storage 
than that of inorganic fertilizer – biochars. 
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