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ABSTRACT 

 

The yield of potato crop strongly depends on water and nutrients availability in soil, which in turn are affected 

by type/rate of fertilizer and soil-amendment applied. This research was aimed to develop simple prediction model 

for potato crop (Atlantik variety) yield based on water and nutrients availability in its growing soil (pot) with 

different types/rates of fertilizers and biochars. The totally 60 pots of inorganic (P1; N: 100 kg/ha, P: 300 kg/ha, K: 

150 kg/ha) and organic fertilizer (P2; NPK-dosage was equalized to inorganic-NPK) in combination with zero-(A0), 

wood-(A1), rice-husk-(A2), and activated-charcoal (A3) having dosage of 5 ton/ha (D1), 10 ton/ha (D2), and 15 

ton/ha (D3) each were prepared in a screen-house located at Serang village, Purbalingga regency, and sowed by 

Atlantik potato seed. For the entire treatments, the water requirement (evapotranspiration) was determined from 

daily weather data (temperature, relative humidity, wind-speed, and solar-radiation), while soil-nutrients contents 

were monthly sampled and analyzed in laboratory. The yield was then measured in each cropping-pot at harvesting 

time. The results showed that the yield of Atlantic potato with different types/rate of fertilizers and biochars was well 

predicted by a simple model, in which the errors were ranged from 0.33 – 0.77%. The organic fertilizer with wood-

charcoal of 10 ton/ha gave the highest yield of Atlantic potato crop. 

 

Kata kunci : Simple prediction model, Atlantik potato yield, inorganic and organic fertilizer, biochars, water and 

nutrients availability 

 

INTRODUCTION 

 

In Indonesia, the domestic demand of potato is nowadays increasing year by year (BPS, 2009). However, the 

production covers only about 20% of the demand, and is allocated mainly for potato processing industry (Warnita, 

2007). This has encouraged an intensive cultivation of potato crop in the tropical highland areas involving 

conventional cultivation (vertical- or slopping-ridge) system, which in turn has caused severe land and 

environmental degradation (Soleh et al., 2002, Gangcai et al., 2005, Auerswald e al., 2006). 

 

The conservation-based cultivation (horizontal- or contour-ridge) system has been introduced by Wijaya et al. 

(2010) and Umedi et al. (2010) to overcome severe erosion problem in Serang village, Purbalingga regency, Central 

Java, Indonesia since 2007. Accordingly, they reported that the horizontal-ridge system could significantly be 

effective to reduce surface runoff and soil loss in potato fields with from 17 – 34% and 67 – 73%, respectively, 

depended upon the degree (percentage) of field slope. However, the system has still supported the productivity of 

crop insufficiently, due to waterlogged or oversaturated condition in the ridge. In fact, the waterlogged condition in 

soil might then activates the anaerobic soil pathogen to grow (Soesanto at al., 2011). Therefore, there is a need to 

modify the physical and chemical properties of potato-growing soil to improve aeration as well as water and 

nutrients storage for better crop production. 

 

Biochars potent to be used as soil-amendment for improving soil quality (Oguntunde et al., 2004, Gundale et 

al., 2007, Yao et al., 2011), and may serve as botanical controller for crop pests and diseases (Gao et al., 2012). The 

biochars has capability as a carrier to grasp as well as to slowly release water and nutrients in soil to crop (Steiner et 

al., 2009, Makoto et al., 2011). Furthermore, the combination of rice-husk-charcoal and compost could improve the 

physical properties (water content, dry bulk density, and hydraulic conductivity) and biochemical properties (pH and 

mailto:krissandi.wijaya@unsoed.ac.id
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electrical conductivity) of soil (Tini and Wijaya, 2010). However, the applicability of combined biochars and 

nutrients inputted into soil in relation to the productivity of crop especially potato has not been fully understood. 

 

This research was aimed to develop simple prediction model for Atlantik-potato crop yield based on water and 

nutrients availability in growing soil (pot) with different types/rates of fertilizers and biochars. By this model, it is 

expected that the appropriate type/rate of fertilizer and biochar could be also identified, which in further might be 

useful as basic information for developing sustainable farming system of potato crop. 

 

MATERIALS AND METHODS 

 

Time Period and Location 

The research was carried out in a screen-house located at Serang village, Purbalingga regency, Central Java, 

Indonesia.  The analysis of samples was conducted at Laboratory of Agricultural Engineering and Laboratory of Soil 

Science and Land Resource, Jenderal Soedirman University, Purwokerto city, Central Java, Indonesia. 

 

Experimental Design 

The potato-growing pots with inorganic (P1; N: 100 kg/ha, P: 300 kg/ha, K: 150 kg/ha) and organic fertilizer 

(P2; NPK-dosage was equalized to inorganic-NPK) in combination with zero-(A0), and wood-(A1), rice-husk-(A2), 

and activated-charcoal (A3) having dosage of 5 ton/ha (D1), 10 ton/ha (D2), and 15 ton/ha (D3) each were prepared, 

and then sowed by Atlantic-potato crop. Each combination was then replicated 3 times, thus there were totally about 

60 pots to be investigated (Figure 1). 

 

 

P1A0  P2A2D1  P1A1D1  P2A0 

       

P1A2D2  P2A3D3  P2A3D2  P2A2D1 

       

P2A2D3  P2A3D1  P1A3D3  P1A3D2 

       

P1A3D2  P2A0  P2A3D1  P1A2D1 

       

P1A2D3  P2A1D2  P1A0  P1A1D1 

       

P1A1D3  P2A2D2  P2A2D3  P2A1D1 

       

P2A1D3  P1A1D2  P1A2D2  P1A2D3 

       

P1A2D1  P1A3D1  P2A1D2  P1A1D2 

       

P1A1D3  P1A0  P1A2D1  P2A1D2 

       

P1A3D3  P2A3D3  P1A3D1  P2A1D3 

       

P2A2D1  P1A1D2  P2A2D2  P1A2D2 

       

P2A3D1  P2A3D3  P2A1D1  P1A3D2 

       

P2A1D1  P2A2D3  P2A3D2  P2A0 

       

P1A3D1  P2A3D2  P1A2D3  P2A2D2 

       

P1A1D1  P1A3D3  P1A1D3  P2A1D3 

 

 

Figure 1. Schematic diagram of the screen-house experiment for identifying Atlantik-potato crop yield in relation to 

different types/rates of fertilizers and biochars applied (Wijaya et al., 2014, 2015) 

 

For the whole combinations, the crop-water uptake or -requirement was determined from evapotranspiration 

(ET) value based on daily weather data (temperature, RH, wind-speed, and solar-radiation). The soil-nutrients 

contents were monthly sampled and analyzed in laboratory, while the yield of the crop in each pot was then 

measured at harvesting time. 
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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 

 

 

 

! 2!

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 1
st
 year field monitoring for water and nutrient balance in potato 

plantation field 

Sediment(
collector(

s=15%&

Horizontal(ridge((Potato(crop(

3!m!

3!m!

0.8!m!0.5!m!
Border(

Data 

logger 

Notebook Soil 

moisture 

sensor 

Weather(
station(

Field(real8time(monitoring(for(soil(
water(content(and(matric(potential(



Seminar Nasional  

Hasil - Hasil  Penelitian dan Pengabdian  LPPM Universitas Muhammadiyah Purwokerto,  

Sabtu, 26 September 2015     ISBN : 978-602-14930-3-8 

 

3 

 

Data Analysis 

The parameters related to the growth and yield of Alantik-potato crop were determined by using several 

methods as follows:  

(1) The evapotranspiration (ET) was calculated by using Penman-Monteith formula: 

      

         (1) 

 

          

         (2) 

 

 

where, Kc is the crop coefficient; ETo is the potential evapotranspiration; T is the air temperature at 2 m height; 

(es-ea) is the vapor pressure deficit; u2 is the wind speed at the 2 m height; Rn is the net radiation at the crop 

surface;  is the slope vapor pressure curve;  is the psychometric constant; and G is the soil heat flux density. 

(2) The production of potato crop was modeled based on the Modified Cobb-Douglas formula: 

 

 Y = a Nb1 Pb2 Kb3 e (u + b4Ar) ETb5        (3) 

 

where, Y is the Atlantik-potato-crop yield; N, P, and K is the nitrogen, phosphorus, potassium content in 

potato-growing soil, respectively; and Ar is the biochars dosage; a, b1, b2, b3, u, b4, and b4 are the 

fitted/optimized parameters. 

(3) The accuracy of the predicted/modeled against the measured potato production was determined by using root 

mean square error (RMSE) formula as follow: 

 

 RMSE = ((Ypredicted – Ymeasured)
2/n)        (4) 

 

 where, Ypredicted and Ymeasured are the predicted/modeled and measured yield of Atlantik-potato crop, 

respectively; and n is the number of data 

 

 

RESULTS AND DISCUSSION 

 

Crop Water Uptake 

Figure 2 shows the crop-water uptake or -evapotranspiration rate in potato-growing pots under inorganic and 

organic fertilizer application with various types and rates of biochars. Among the treatments, the evapotranspiration 

rate as well as water uptake by potato crop in organic-growing pots was slightly higher than that in inorganic-

growing pots throughout a cultivation period. In combination with biochars, the organic fertilizer could improve the 

structure of growing/pot soil better than the inorganic fertilizer, resulted in increasing water-holding capacity of the 

soil (Tini and Wijaya, 2010). Accordingly, the biochars added into the soil could contribute to not only maintaining 

its physico-chemical properties of growing/pots, but also to improving its capability to release its water and nutrients 

to the crop (Sommer et al., 2002, Steiner et al., 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Crop water-uptake or evapotranspiration rate in potato-growing pots under inorganic and organic fertilizer 

application with various types and rates of bio-chars (Wijaya et al., 2014) 
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Potato Production 

The yields of Atlantik-potato crop under inorganic and organic fertilizer application with various types and 

rates of bio-chars are illustrated in Figure 3. The yield under the organic fertilizer and biochars combination 

averaged about 4.95% higher than that under the inorganic fertilizer and biochars combination (Figure 3A). Among 

the former combination, the maximum yield of 405 g/crop was obtained in the treatment with wood-charcoal of 10 

ton/ha, in which about 46% of the tubers was categorized as grade C (Figure 3B). This revealed that the combination 

of organic fertilizer and wood-charcoal tended to have positive impact on improving the yield of Atlantik-potato 

crop, which might be due to its high capability in maintaining as well as releasing water and nutrients in 

growing/pot-soil to the crop (Makoto et al. 2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Yield of the potato crop under inorganic and organic fertilizers application combined with various types 

and rates of bio-chars: (A) Treatments-based tuber weight and (B) Grade-based tuber weight 

 

Prediction Model of Potato Production 

The yields of Atlantik-potato crop in response to the rates of different biochars types under inorganic and 

organic fertilizer application are described in Figure 4A and 4B, respectively. For both combinations, the 

predicted/modeled yields were agreed well with the measured yields of Atlantik-potato crop with significantly low 

RMSE value ranged from 0.0033 – 0.0077 ton/ha (or equivalent to 0.33 – 0.77%). The wood-charcoal of 10 ton/ha 

produced the highest yield of Atlantik-potato crop than others. More specifically, in the range of 0 – 10 ton/ha, the 

wood-charcoal combined with organic fertilizer could maintain the yield better than that combined with inorganic 

fertilizer. This might be because of the wood-charcoal could store and release nutrients in growing/pot-soil to the 

crop better than others (Steiner et al., 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Predicted/modeled yields of the Atlantik-potato crop in response to the rate of different biochars types 

under: (A) Inorganic and (B) Organic fertilizers application 
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The capability of the different rates of wood-charcoal in maintaining water and nutrients availability in 

Atlantik-potato growing/pot soil could be specifically identified from the value of fitted/modeled parameters (Table 

1). For instance, the wood-charcoal of 10 ton/ha under organic fertilizer could store and carry N, P, K, and ET 

consecutively about 6, 34, 967, and 65% higher than that under inorganic fertilizer application. Furthermore, the 

values of fitted/optimized parameters, especially b1, b2, b3, and b5, in the former combination overestimated those 

in the latter combination. Those results indicated that the wood-charcoal gave better yield when it was combined 

with organic fertilizer rather than with inorganic fertilizer. 

 

Tabel 1. Fitted parameters of the modeled yields of Atlantik-potato crop with different rates of wood-charcoal under 

inorganic and organic fertilizer application 

 
Fertilizer 

Type 

Char. 

Rate 
Modeled Formula Fitted/Optimized Parameters RMSE 

 (t/ha) Y = aNb1Pb2Kb3e(u+Arb4)ETb5 a b1 b2 b3 u b4 b5 (t/ha) 

Inorganic 0 Y = a0.202b10.173b20.007b3eu244b5 6.545 -0.202 -0.221 -0.635 0.124 0.014 -0.733 0.0045 

 5 Y = a0.205b10.176b20.007b3e(u+5b4)279b5         

 10 Y = a0.194b10.167b20.006b3e(u+10b4)205b5         

 15 Y = a0.210b10.181b20.007b3e(u+15b4)284b5         

Organic 0 Y = a0.190b10.208b20.056b3eu289b5 6.519 0.322 0.304 0.557 -0.191 0.012 0.496 0.0067 

 5 Y = a0.217b10.236b20.070b3e(u+5b4)301b5         

 10 Y = a0.205b10.224b20.064b3e(u+10b4)338b5         

 15 Y = a0.181b10.198b20.051b3e(u+15b4)235b5         

 

CONCLUSION 

 

The yield of Atlantik-potato crop under different type/rates of fertilizers and biochars applied could be simply 

developed based on water and nutrients availability in growing/pot soil with RMSE values ranged from 0.33 – 

0.77%. The combination of organic fertilizer and wood-charcoal of 10 ton/ha gave better results than others, thus it 

had a tendency to be applicable for developing sustainable farming system of Atlantik-potato crop. 
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