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Graphical abstract

Abstract

The horizontalridge system, which is considerably effective in reducing erosion over the
conventional verticakridge system, hasn't been sustainably implemented. This research
was aimed to assess water and nutrients balance in potato fields under horizontal-ridge
system with different fertilizers and biochars application during a culfivation period. Field
monitoring was camied out at totally 10 potato-horizontal-ridge fields (3mx3m large)
involving organic (compost: 20 ton/ha with 0.73% N: 1.55% P:Os: 1.44% K20) and inorganic
fertilizer (N: 146 kg/ha, P:0s: 310 kg/ha; K:0: 288 kg/ha). combined with rice-husk and
wood-charcoal of 5 and 10 ton/ha each. Volumetric-water content of each field at 15 cm
depth was daily monitored by using EC-5 moisture sensor. Changes in soil hydraulic
conductivity, N and P content at the same depth were monthly sampled by using 100-cc
core samplers, while crop N and P content were measured at harvesting time. Runoff and
soil loss were monitored at every rainfall events, and evapotranspiration was calculated
based on the daily climate data. The results showed that soil volumetric-water contents,
hydraulic conductivities, ond availoble N in the fields with organic fertilizer-biochars
combination were 3-18, 50-100. and 6-21% higher than those with inorganic fertilizer-
biochars combination, respectively. Although the available P in the former combination
wasn’'t as higher as the latter combination, it remained constant until the final growth
stage. Concerning the material balance, it was identified that the fotal water, N, and P
storage in the former combination were 20, 45, ond 9% higher than those in the latter
combination, respectively.

Keywords: Water and nufrienfs balance, potato crop, horizontal ridge system. ferfilizers,
biochars
©2015

1.0 INTRODUCTION

Potato is one of the horticultural commodities having

of 2009, but the production was about 1.2 million [1],
which covered about 20% of the total requirement for
processing industry, and the remaining was sfill

prospective economic values, since the demand for
this product is enormously increasing year by year. For
instance, the domestic demand of the potato in
Indonesia was increased up to 8.9 million ton per year

imported.

An intensive cultivation of potato crop to the
tropical highland areas with conventional farming
system, i.e., long-term use of verticalridge (slopping-

PAWEES-INWEPF2015 | page xxxx | elSSN xxxxxxxx |
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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 infroduced 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 soail
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 sail [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 ferfilizers,
namely inorganic (NPK: 146 kg/ha N, 310 kg/ha P20s,
288 kg/ha K20) and organic fertilizer (equalized to NPK
rate or about 20 ton/ha) combined 3 different types of
biochars, namely conftrol (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.

"DIENG PLATEAU

o— e
YU RIVER,.:.
bmere, NOSOBO

.

ANJARNEG, E

- I ot

- pomewwn o SERANG HIGHLA
L AGRICULTURE

[Prospective Pil

Project)

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

Border

Soil Data
moisture

logger Field real-time monitoring for soil
= L :

’ water content and matric potential

Notebook

Figure 2. Schematic diagram of the field monitoring for water
and nutrient balance in potato-cropping field
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_ No Charcoal (control) --- PK
. . 5ton/ha (AS1) --- PKAS1
Inorganic | Rice-husk Charcoal (AS) [
Fertilizer 10 ton/ha (AS2) --- PKAS2
(PK)
L 5ton/ha (AK1) --- PKAK1
Wood Charcoal (AK) [
10 ton/ha (AK2) ~ --- PKAK2
_ No Charcoal (control) --- PO
) ) 5ton/ha (AS1) --- POAS1
Organic Rice-husk Charcoal (AS) [
Fertilizer 10 ton/ha (AS2) --- POAS2
(PO)
5ton/ha (AK1) --- POAK1
- Wood Charcoal (AK) [
10 ton/ha (AK2) ~ --- POAK2

Figure 3. Combination of the field experimental freatment 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 soail
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
fime. 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.

AS,, = P, +1,, — R,, — Pc,, — ET,, (1)
AS, = P, + I, + F, — R, — Pc, — Up, @)

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 @

Parameter Unit Value
Texture (sand ; silt : clay) a/g 0.37 :0.48 : 0.15 (silt loam)
Particle density, ps g/cm3 2.42
Dry bulk density, oo g/cm3 0.69
Volumetric water content cm3/cm3 0.53
at saturation. 6
Volumetric water content cms3/cm3 0.14
at near wilting point, Gwp
Soil organic matter (SOM) a/kg 0.094

3.0 RESULTS AND DISCUSSION
3.1 Soil Water Dynamics

Figure 4 shows the dynamics of soil water (in
volumetric base, 0) in potato-cropping field under
the horizontal-ridge system with inorganic (A) and
organic ferfilizer (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
freated 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
tfon/ha resulted in betfter saturated hydraulic
conductivity than those of 10 ton/ha.

0.8 7 I I T r 0 L
—_ || I | | ” | I [ Precipitation (mm)
207 ' ! 10
g Y | Ul | | —A—PK
L 20

£ PKAS1
£ 30 g
J & =4=PKAK1
40 = -
)
150 B 4 PKAS2
= 3l oo E =>e=PKAK2
Y o
70 @
a
80
90
0 100

27 33 39 45 51 57 63 69 75
Days After Sowing (DAS)

(A) Inorganic fertilizer — biochars combination

08 [ Il ,I , } I I ‘ 0 W Precipitation (mm)

@ 10 =d—P0
E 0.7 .
= 0.6 | 7 POAS1
g 30 g =4—poAK1
<05 g
E | 40 g —m—poas2
g 04 | 50§ =<=pOAK2
=] —
03 60 E
g PN 70 3
g 02 ok
g0l 90

0 100

27 33 39 45 51 57 63 69 75
Days After Sowing (DAS)

(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

14.00 ——PK
12.00 ==PKAS1
10.00 N\ %7%PKAK1
g / TPKASZ
E 8.00 T " | =#%=PKAK2

v 6.00 = —¢=PO
2 400 POAS1
’ POAK1
2.00 > POAS2
0.00 - POAK2

15 45 60
Days after Sowing (DAS)

Figure 5. Soil-safurated 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 fime,
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.

15000 1000 =4=PK (Total)
900 =#=PKAS1 (Total)
7 12000 322 g f—%l’KAKl (Total)
3 9000 600 & ~PKAS2(Total)
; 500 ﬁ =#==PKAK2 (Total)
F 6000 = 400 g =0=PK (Availabe)
g 300 § PKAS1 (Available)
3000 - - 200 < PKAK1 (Available)
‘ 100 PKAS2 (Available)
0 T 0 PKAK2 (Available)
0 20 40 60 80 100
Days after Sowing (DAS)
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Figure 6. Soil-N dynamics in potato-cropping field under the
horizontal-ridge system with: (A) Inorganic and (B) Organic
ferfilizer 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 sfill better in
maintaining P for both combinations.

The above results indicated that the application of
biochars in a cultivation field was important fo
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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Figure 7. Soil-P dynamics in potato-cropping field under the
horizontal-ridge system with: (A) Inorganic and (B) Organic
ferfilizer 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 befter than that in the inorganic fertilizer —
biochars field, in which the former was able to
maintaining water about 20% higher than the latter.
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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 ferfilizer — 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.
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Figure 9. Soil-N balance in the potato-cropping field under
horizontal-ridge system with different types/rates fertilizer
and biochars
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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-nutfrients 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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1. INTRODUCTION

As a follow-up to the Kaohsiung Declaration during the PAWEES 2014 conference
held in Taiwan from 30t-31st October 2014 and INWEPF 11th Steering Committee
Meeting held in Hanoi Vietnam from 4'-6th November 2014, INWEPF Malaysia and
Universiti Putra Malaysia are happy to announce the PAWEES-INWEPF Joint
International Conference to be held in Kuala Lumpur from 19t to 21st August 2015.

2. AIMS AND SCOPES

The conference objective is to create an interactive platform for paddy and
water environment related researchers, scientists, practitioners, policy makers and
other professionals from Asia-Pacific Region and around the world to share and
present their new advances, research findings, perspectives and experiences in
response to, but not limited to, sustainable water and environmental
management.

3. CONFERENCE THEME

The conference focuses on the general theme “Solutions for Sustainable Water
and Environmental Management” accompanied with the following topics:

Topic 1: Technology for sustainable water use and agricultural development.

Topic 2: Modernization of irigation and drainage schemes.

Topic 3: Establishment of sustainable paddy farming for food security and
poverty alleviation.

Topic 4: Water quality management for agriculture and environment.

Topic 5: Integrated watershed management.

Topic 6: Droughts and flood disaster risk management.

Theme of student sessions: Technology for sustainable water and environmental
management.

4. CALL FOR PAPERS

Authors are invited to submit abstracts and/or papers to a scientific committee of
the conference who will be responsible for evaluating the submitted abstracts
and papers. The notification of acceptance will be sent after the decision by the
scientific committee. Authors of accepted abstract and/or papers are then
requested to submit their full papers.
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Only accepted papers will be published in the proceedings. Student sessions will
be operated separately. The organizing committee will consider few selected full
papers to be published after peer-review in the International Journal of PADDY
AND WATER ENVIRONMENT (ISSN print edition: 1611-2490; ISSN electronic edition:
1611-2504). The conference proceedings can be collected at the registration
desk.

Instruction for authors

Authors are requested to submit abstracts of their papers in Microsoft Word
version. The e-mail address for registration and paper submission is
pijic2015@confbay.com. Abstract should be written in English within 250 words
excluding the title of the paper.

Author's name(s), affiliation(s), and keyword(s) should be displayed at the top of
the page. Indicate the type of presentation (oral or poster) and session (general
or student) above the title of the paper at the top left corner. Refer to the author's
guide in a separate file (PAWEES-INWEPF2015-author's guide (abstract)).

5. LANGUAGE

The official language of the conference will be English. All abstracts, papers and
posters should be submitted in English.

Important dates
=  Abstract Submission: 30 April, 2015

= Notfification of Acceptance: 15 May, 2015
= Full Paper Submission: 15 July, 2015

» Registration: 1 June - 19 August, 2015
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6. REGISTRATION FEES

The registration fees are USD 300 for international participants and MYR 200 for
local participants; and USD 100 (MYR 350) for students and accompanying
persons. Registered delegates and participants shall be provided with a
conference bag (program book and proceedings), snacks, lunches and
reception dinner, attendance in the opening program, and a field trip. Payments
should be made payable to: Malaysian Society of Agricultural Engineers, CIMB
Bank Acct. No. 8002150497, SWIFT Code CIBBMYKL. Issuance of receipts will be
made during registration.

7. VENUE

Universiti Putra Malaysia (UPM)

» Address: Faculty of Engineering, Universiti Putra Malaysia,
43400 UPM Serdang, Selangor Darul Ehsan, Malaysia.
= Tel: +603-89466427
Fax: +603-89486425
Website: www.eng.upm.edu.my

= Transportation: Kuala Lumpur International Airport (KLIA) to UPM;
Travel Time: about 45 minutes; Distance from Airport: 40 km
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8. ACCOMMODATIONS

Please select the hotel you would like to stay during the conference. The rooms
will be reserved on a first come, first served basis.

Available hotel near the UPM:
1) Palm Garden Hotel. www.palmgarden.com.my

2) Marriot Putrajaya Hotel. www.marriott.com/hotels/travel/kulpg-putrajaya-
marriott-hotel/

3) Golden Horse Hotel. www.palaceofthegoldenhorses.com.my

4) Nouvelle Hotel. www.nouvellehotel.com

Fees: Please refer to Hotel Reservation Form provided by your chosen hotels.

9. PROGRAMS

Date Description

18 August 2015 | Arrival

19 August 2015 | PAWEES-INWEPF Joint International Conference 2015

21 August 2015 | Technical Tour: Integrated Agricultural Development Area
Northwest, Selangor

22 August 2015 Departure

10. ORGANIZERS

International Society of Paddy and Water Environment Engineering (PAWEES)
International Network for Water and Ecosystem in Paddy Fields (INWEPF)
Universiti Putra Malaysia (UPM)

Malaysian Society of Agricultural Engineers (MSAE)

Malaysian National Committee on Irrigation and Drainage (MANCID)
Japanese Society of Irigation, Drainage and Reclamation Engineering (JSIDRE)
Korean Society of Agricultural Engineers (KSAE)

Taiwan Agricultural Engineers Society (TAES)



