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WATER AND NUTRIENT DYNAMICS IN POTATO-GROWING*
SOIL IN TROPICAL HIGHLAND AGRICULTURE UNDER
DIFFERENT FERTILIZERS AND BIO-CHARS APPLICATION

Dinamika Air dan Nutrisi dalam Media Tanah Tanaman Kentang di
Dataran Tinggi Tropis dengan Aplikasi Pupuk dan Bio-Arang yang
Berbeda

Krissandi Wijaya " Condro Wibowo", Ahadiyat Yugi Rahayu", Ardiansyah", and
Taku Nishimura®

! Faculty of Agriculture, Jenderal Soedirman University, Indonesia
? Graduate School of Agriculture and Life Science, The University of Tokyo, Japan

* Corresponding author: krissandi.wijaya@unsoed.ac.id

ABSTRACT

The research was aimed to characterize water and nutrient dynamics in potato-growing soil in tropical
highland agriculture under different fertilizers and bio-chars application. Totally 60 potato-growing pots (3
replications of the combined treatments: 2 fertilizer types, i.e., inorganic and organic fertilizer with similar
NPK composition; and 3 bio-char types, i.e., wood, rice-husk, and activated charcoal with dosage of 5, 10,
and 15 ton/ha each), located at Serang village, was used for screen house-scale monitoring of soil water
(water content) and nutrient (N, P, and K) balance during a cultivation period. The results showed that the
combination of inorganic fertilizer and bio-chars lowered soil water content and evapotranspiration, but
increased soil nutrients, especially in the middle growth stage. In contrast, the combination of organic
fertilizer and bio-chars enhanced soil water holding capacity. Although the increase of soil nutrients by the
latter combination wasn’t as higher as the former combination, it was better in maintaining soil nutrients until
the late growth stage. Regarding the materials balance, it was quantified that from the total water and
nutrients applied, about 50 and 20% of them were respectively lost due to runoff and percolation, and up-
taken by the crop, while the remaining were settled in the soil.

Keywords: Water and nutrient dynamics, potato, tropical highland agriculture, organic fertilizer, bio-char
ABSTRAK

Penelitian ini bertujuan untuk mengetahui dinamika air dan nutrisi dalam media tanah tanaman
kentang di Dataran Tinggi Tropis dengan aplikasi pupuk and bio-arang yang berbeda. Sebanyak 60 pot
tanaman kentang (3 replikasi kombinasi perlakuan: 2 jenis pupuk, yaitu pupuk anorganik and organik
dengan kandungan NPK yang sama; dan 3 jenis bio-arang, yaitu arang kayu, arang sekam, dan arang aktif
dengan dosis 5, 10, dan 15 ton/ha) yang berlokasi di Desa Serang telah digunakan untuk memonitor
keseimbangan air (kadar air) dan nutrisi (N, P, dan K) selama satu musim tanam. Hasil penelitian
menunjukkan bahwa kombinasi pupuk anorganik dan bio-arang berdampak pada penurunan kadar air tanah
dan evapotranspirasi, tetapi dapat meningkatkan nutrisi tanah, terutama pada pertengahan periode tanam.
Sebaliknya, kombinasi pupuk organik dan bio-arang dapat meningkatkan daya serap tanah terhadap air.
Meskipun peningkatan nutrisi tanah pada kombinasi terakhir tidak setinggi pada kombinasi sebelumnya,
tetapi kombinasi tersebut lebih baik dalam mempertahankan nutrisi tanah sampai akhir periode tanam.
Terkait dengan keseimbangan materi, dapat dihitung bahwa sekitar 50 dan 20% dari total air dan nutrisi
yang diberikan terdistribusi masing-masing melalui aliran permukaan/perkolasi dan diserap oleh tanaman
kentang, sedangkan sisanya diserap oleh media tanah.

Kata kunci: Dinamika air dan nutrisi, kentang, dataran tinggi tropis, pupuk organik, bio-arang
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INTRODUCTION

Potato (Solanum tuberosum L.) is a horticultural commodity having promising worldwide
market sells. In Indonesia, demand of the product is enormously increasing up to about 8.9 million
ton/year, but the productivity is still low, namely 16.5 ton/ha or totally 1,176,304 ton (BPS, 2009).
The total production only cover about 20% of the total requirement for potato-based processing
industry such as potato chips, and the remaining is still imported.

The high requirement on potato has encouraged an extensive cultivation of the crop to
highland areas involving deforestation and conventional farming system with long-term utilization
of chemical fertilizer and pesticide, and also application of vertical/sloping ridge system regardless
conservation mechanisms (Mastur et al., 1996; Soleh et al., 2002). The methods may in turn
accelerate land and environmental degradation process in surrounding watershed area. For instance,
the application of the system in upstream areas of Serayu watershed, such as Dieng plateu
(Wonosobo and Purbalingga regency) and Serang village (Karangreja, Purbalingga regency) has
caused severe runoff and soil erosion ranged from 1,358 — 1,435 m3/ha/year and 56.24 —145.75
ton/ha/year, respectively (Wijaya et al., 2010; Umedi et al., 2010;) and sedimentation mainly in
Mrica Dam of 4,298.245.10 mslyear as well as contaminated water up to 100 mg/L COD and 16.50
mg/L. BOD (KLH Banjarnegara, 2012). The system also has reduced the dam capacity of 2.5% per
year that causes decreasing irrigated water supply to paddy field in middle-stream (Banjarnegara,
Purbalingga, and Banyumas regency) and coastal areas (Cilacap regency). In addition, local
communities in middle stream and near coastal area mine the sand from Serayu river resulting in
critical erosion on its river embankment, hence reducing surrounding farming areas.

The above reflects some critical environmental problems of Serayu watershed, which should
be comprehensively solved by corresponded stakeholders including local government and
community, and also university, since the watershed has very important roles in supporting
surrounding ecology and human life (Munir, 2009), and also has a significant impact on regional
hydrology as well as global climate change. The solution on such problems should be performed
based on an accurate data, which can be achieved through comprehensive studies on the watershed
including upstream (highland agriculture and deforestation, etc.), downstream (rice cultivation,
land conversion, etc.), and coastal areas (e.g., mangrove deforestation, aquaculture, etc.).

For the initial step, recognizing the problems in the upstream of Serayu watershed is
important to be carried out at first, since some activities related to deforestation and extensive
cultivation in highland areas has been occurred for long-time contributing to serious environment
deterioration within watershed. In this research, we focused on identification of sustainable farming

system for potato crop in the upper stream of watershed mainly Serang Highland Agriculture. More
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specifically, the study was aimed to characterize the water and nutrient dynamics in potato-growing

soil under different fertilizers and bio-chars application.

RESEARCH METODOLGY
Time Period and Location

The research work was conducted in Serang Highland Agriculture, Purbalingga regency,
Central Java province, Indonesia (Fig. 1), where potato is one of the primary commodities, started
from May until August 2013.

P—— *“*DIENG'PLATEAU'
‘lm

1
Rarang H Rt

meews SERANVU'RIVERL .

g 000 - = p

SERANG'HIGHLA

AGRICULTURE'

[ProspectivePil
Project)’

e rmrem—ge

g s | - S

Fig. 1. Serayu watershed covering various land use areas: highland agriculture (Dieng plateau,
Wonosobo regency and Serang village, Purbalingga regency), rice field (Banjarnegara,
Purbalingga, Banyumas, and Cilacap regency) and coastal environment (Cilacap regency)

Materials and Equipment

A number of materials were used to support the research including: 1) about 60 treatment
pots for potato cultivation; 2) inorganic fertilizer, such as NPK; 3) certified organic fertilizer or
compost; 4) bio-chars materials (e.g. rice-husk, wood, or activated charcoal); 5) certified potato
seeds (e.g.. Atlantik variety, the most popular variety for industry scale); and 6) software for
modeling water and nutrient balance. Several tools/equipment to implement the research were as
follows: 1) screen-house for laboratory monitoring; 2) digital potentiometer and its data logger for
monitoring matric potential of soil; 3) soil moisture sensors and its data logger for monitoring soil

water content; 4) mini weather/climate station supporting tools including: rain gauge, solar
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radiation sensors and its data logger, temperature and RH sensor, and wind speed sensor; 5) core
samplers and its auger for collecting soil samples; 6) oven drier for laboratory analysis of
gravimetric water content; 7) a set of biochemical analyzer/tool for analyzing nutrients (e.g., NPK)

in each compartment such as soil, water, and crop; and 8) digital balance.

Methodology

Experimental design

The effect of certain inorganic and organic fertilizer dosages on water and nutrient balance
within potato-growing soils (pots) was identified and characterized. Three replicated screen house
scale monitoring will be carried out using certain inorganic fertilizer such as NPK (control) and
organic fertilizer (the dosage was equalized to the inorganic one) with various types and rates of

bio-chars (low, standard/medium, and high content) (Fig. 2).

Screen house treatments*:

Fertilizer rates:

- Standard dosage of NPK (200:300:150 kg/ha)

- Organic with rate equalized to NPK content

Charcoal types and contents:

- Without bio-chars (control)

- Wood. rice-husk, and activated charcoal: Low (5 t/ha), medium
(10 t/ha), and high (15 t/ha) each

*Each combination was replicated 3 times = totally about 60

pots were observed.

Pressure
transducer

Soil
moisture
sensor

Fig. 2. Schematic diagram of screen house monitoring for water and nutrient balance in potato pots

Data collection
A series of experimental data were collected through several steps as follows:

1. Undisturbed soil samples within the depth of 0.1 and 0.2 m were taken at 0 days after sowing
and then every month throughout cultivation period of potato crop (3-4 month). The samples
were analyzed in laboratory to determine their soil physical (water content, bulk density, and
hydraulic conductivity) and biochemical properties (mainly NPK content).

2. Real-time water content and matric potential were monitored using EC10 moisture sensors-
EMS50 data logger and P1600 pressure transducer-XR-5SE data logger, respectively, and were
compiled (downloaded from data logger) every week.

3. Biochemical properties such as total carbon and NPK content of the dry biomass collected were

analyzed using nutrient analyzer.



Prosiding Seminar Nasional

"Percepatan Desa Berdikari melalui Pemberdayaan Masyarakat
dan Inovasi Teknologi” 20-21 November 2014

Purwokerto

4. Micro-climate parameters such as precipitation, temperature and RH, solar radiation, and wind

speed were daily monitored.

Data analysis

The collected data were analyzed and modeled to provide basic parameters as follows:
1. Soil water content and bulk density were determined gravimetrically.
2. Evapotranspiration was estimated from micro-climate data using Penman-Monteith method
3. Water and nutrient balance calculation using Eqn. (1) and (2):
AS,=F,+l,— R, —Pc. — ET, (1)
ASy =i+l +8,—R,— e, —Up,; [2)
where, P,, I, R,, Pc,, and ET, is the added or depleted water respectively by the rainfall,
irrigation, runoff, percolation, and evapotranspiration, while P,, I, F, R, Pc,, and Up, is the

loaded nutrient respectively by the rainfall, irrigation, fertilizer, runoff, percolation, and crop.

RESULTS AND DISCUSSIONS
The screen-house scale monitoring on water and nutrients dynamics in potato-growing pots
under different types of fertilizers with various types and rates of bio-chars (Fig. 3) showed several

results as follows:

[0 ] [zeo] [am] [rac] e

P1: Inorganic fertilizer

[ Pia2D2 | [ P2a3D3 | | P2a3D2 | | P2A2D1 | P2: Organic fertilizer
Al: Wood charcoal
| p2a2D3 | | P2a3D1 ] | P1A3D3 | | P1A3D2 ] A% Rice b chircodl
_ A3: Activated charcoal
LpiasD2] | P240 ] | P2A3D1] LBLA2D) ] D1: Charcoal dosage/rate of 5 ton/ha
[ ria2p3 | [ P2aiD2] | Piao | |riaiDi | D2: Charcoal dosage/rate of 10 ton/ha

D3: Charcoal dosage/rate of 15 ton/ha

[ PiaiD3 ] [P2a2D2 | [P24a2D3 ] | P2AIDI |

[ p2a1D3 | LpiaiD2 | | P1a202 | | P1A2D3 |

[ pia2pi | [ PiasD1 ] [ r2a1D2 ] | riAiD2 |

LpiaiD3 | [ _Piao_] | P1a2D1 | [ P2A1D2 |

| P1a3D3 | [ P2a3D3 ]| [ PiA3DI ] | P2AID3 |

| p2a2Dp1 | [ PiAiD2 | | P2A2D2 | [PiA2D2 |

[ P2a3D1 | [P2A3D3 | [P2AiDI | | P1A3D2 |

L P2aiD1 | [P2A2D3 | [ P2A3D2 ]| | _P2A0 |

| P1a3D1 | [ P2A3D2 | | PiA2D3 | | P2A2D2 |

[ P1aiD1 | [PiA3D3 ]| [PIAID3 | [P2A1D3 |

Fig. 3 Schematic diagram of the screen-house/laboratory experiment
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Soil Physical Properties
Water dynamics

Distribution pattern of soil water in potato-growing pots under inorganic and organic
fertilizers application combined with various types and rates of bio-chars is presented in Fig. 4. The
organic fertilizer with three types and rates of bio-chars had in general about 15% higher water
content than the inorganic ones. Among the formers combination, wood charcoal of 5 ton/ha was

the most effective amendment in maintaining water (Ogutunde et al., 2004; Gundale et al., 2007)

0.7 1] 0.7 0

—_ Irrigation (mm) = Irrigation (mm)
B 06 s ~“—P1AD E 06 5 ——P2A0
= 10 —@-prai;1 5 10 —8-p2a1D1
E 05 - 15 ’E-‘ PIALDZ E 05 £ 15 E P2A1D2
Z 04 | 20 £ —m—p1a1p3 Z 04 . s - 20 E —m-p20103
E (¥ OF LA s E PIAZDI g ok b 1" 25 8 F2A2D1
£o03 . R Rt b i . § 03 g | o ot e 5 ,
3 » oy g PR 30 _En P1A2D2 =1 [ ™ b2 n - :=.n 30 E PZAZD2
392 R ol ¥ P35 = P1A2D3 5 o2 e O W as E P2AZD3
: N P 40 P1A3D1 B LR " %0 P2A3D1
3 0.1 S P1A3D2 E 0.1 - 45 P2A3D2
0 50 P1A3D3 0 s P2A3D3
27 32 37 42 47 52 57 62 67 72 77 82 87 27 32 37 42 47 52 57 62 67 72 77 B2 87
Days After Sowing (DAS) Days after Sowig (DAS)
Fig. 4. Distribution pattern of soil water in potato-growing pots under inorganic (left) and organic
fertilizer (right) combined with various types and rates of bio-chars
Evapotranspiration
Fig. 5 shows the water requirement by potato crop through evapotranspiration process in its
growing pots under inorganic and organic fertilizers application combined with various types and
rates of bio-chars, in response to irrigation. With about 297 mm in total irrigation throughout a
cultivation period for both types of fertilizer, the water consumption by potato crop in organic-pots
was relatively higher than that in inorganic pots.
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Fig. 5. Evapotranspiration rate in potato-growing pots under inorganic and organic fertilizers
application combined with various types and rates of bio-chars
Water balance
Water balance in potato-growing pots under inorganic and organic fertilizers application
combined with various types and rates of bio-chars (Fig. 6) illustrated that the water storage

capacity in potato-growing soil with organic fertilizer was higher than that with inorganic one
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(Steiner et al., 2009; Makoto et al., 2011; Gao et al., 2012). In contrast, the percolation rate in the

former was lower than the latter.
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Fig. 6. Water balance in potato-growing pots under inorganic and organic fertilizers application
combined with various types and rates of bio-chars

Soil Chemical Properties
Nutrient dynamics

Dynamics of nitrogen in potato-growing pots under inorganic fertilizer combined with
various types and rates of bio-chars is shown in Fig. 7. For most bio-chars applied, total and
available nitrogen (N) in potato-growing pots increased up to 20 days after sowing (DAS),
and then decreased until the end of cultivation period due to uptake by the crop. More
specifically, the application of bio-chars of 5 ton/ha enhanced total N, but had no

significant effect on the improvement of available N in the growing soil.
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Fig. 7. Dynamics of nitrogen in potato-growing pots under inorganic fertilizer combined with
various types and rates of bio-chars
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Fig. 8 presents the dynamics of nitrogen in potato-growing pots under organic fertilizer combined
with various types and rates of bio-chars. In case of organic fertilizer, the application of bio-chars
has no different impact on increasing total N in potato-growing soil during a cultivation period,
indicated that the organic fertilizer with bio-chars was capable to maintain the nutrient in the
growing soil (Ogutunde et al., 2004). Although the available N increased up to 20 DAS, and then
decreased at the end, the decrease was slower than the inorganic fertilizer with bio-chars, and in

fact there was certain amount of available N remained at the soil until the end of cultivation period.
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Fig. 8. Dynamics of nitrogen in potato-growing pots under organic fertilizer combined with various
types and rates of bio-chars

Dynamics of phosphorus in in potato-growing pots under inorganic and organic fertilizer

combined with various types and rates of bio-chars is respectively presented in Fig. 9 and 10.
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Fig. 9. Dynamics of phosphorus in potato-growing pots under inorganic fertilizer combined with
various types and rates of bio-chars
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Fig. 10. Dynamics of phosphorus in potato-growing pots under organic fertilizer combined with
various types and rates of bio-chars
Similar to the case of N, the ithe combination of inorganic fertilizer with bio-chars resulted
in higher total and available phosporus (P) in potato-growing soil compared to that of organic
fertilizer with bio-chars. However, the former had lower capability in maintaining the nutrients

until the end of cultivation period than the latter (Steinet et al., 2009; Makoto et al., 2011).

Nutrient Balance

Fig. 11 and 12 shows the nitrogen and phosphorus balance in potato-growing pots under
organic fertilizer combined with various types and rates of bio-chars, respectively. Loss of N and P
by percolation was dominantly occurred in both inorganic and organic fertilizer pots (Holscher et
al., 1996; Sommer et al., 2002). The loss of N was not significantly different between these two
pots, while the loss of P was higher in the former than the latter.
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Fig. 11. Nitrogen balance in potato-growing pots under inorganic fertilizer combined with various
types and rates of bio-chars
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CONCLUSION

1. Water dynamics and balance in potato-growing soil under inorganic and organic fertilizer with
various types and rates of bio-chars has been successfully clarified, in which the combination of
organic fertilizer and bio-chars was better than that of inorganic fertilizer and bio-chars.

2. Nutrients dynamics and balance in potato-growing soil under inorganic and organic fertilizer
with various types and rates of bio-chars has been successfully clarified, in which the
combination of inorganic fertilizer and bio-chars was better than that of organic fertilizer and

bio-chars, except nutrients uptake.
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Untuk : Melakukan Presentasi Proposal pada acara Seminar Nasional Percepatan

Desa Berdikari Melalui Pemberdayaan Masyarakat dan Inovasi Teknologi
2014 dengan judul “Dinamika Air dan Nutrisi Dalam Media Tanah
Tanaman Kentang di Dataran Tinggi Tropis Dengan Aplikasi Pupuk
dan Bio-Arang yang Berbeda” yang dilaksanakan tanggal
20 s.d 21 November 2014 di Gedung Auditorium Graha Widyatama
Universitas Jenderal Soedirman.

Demikian Surat Tugas ini dibuat untuk dilaksanakan dengan sebaik-baiknya dengan penuh
tanggung jawab.

Dikeluarkan di : Purwokerto
~_Padatanggal : 19 November 2014
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