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propose the rale of agricultural engineeting for sustainable
agriculture production.
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Wijaya et al /AESAP Proceedings, 23-25 October 2017

Horizontal-Ridges Water and Nutrients Balance under
Potato-Tea Intercropping System

K. Wijaya!, P.H. Kuncoro', Ardiansyah', E. Sumarni', C. Arif®
Department of Agricultural Engineering, Jenderal Soedirman University, Indonesia.
*Department of Civil and Environmental Engineering, Bogor Agricultural University, Indonesia
Email: krissandi.wijaya@unsoed.ac.id”

Abstract

Severe land and environment degradations due to conventionally potato cultivation on
slopping-(vertical)-ridges in most Indonesian tropical highlands has stimulated the
necessity to develop a sustainable farming system of the crop. However, there has been
still little known on this specific issue scientifically. In this study, therefore, we focused on
characterizing water and nutrients balance on contour-(horizontal)-ridges under poiato-
tea intercropping system lo confirm its applicability to support the optimum crop
production while reducing soil erosion. The field experiment was carried out in the
intercropping plots (3.5m x 3.5m) with different fertilizers (inorganic/[F-NPK and
inorganic/IF-Petroganik) and muiches (plastic/PM, rice-straw/RM, and no-mulch/NM)
applied. Thus, there were totally 6 treatments/plots combinations (IFPM-IFRM-IFNM-
OFPM-OFRM-OFNM) with 5 replications (5 horizontal-ridges) each. For each plot, the
volumetric water content in a central horizontal-ridge at the depth of 10 and 20cm was
monitored hourly using Decagon’s STE/EC-5 moisture sensors and EM50/EM50b data
logger. At the same depth, the 100cc undisturbed-core and plastic-disturbed samples
were also sampled monthly for measurement of basic soil physical (dry bulk density and
permeability) and chemical (Total-N and Total-P) properties, respectively. The results
showed that water storage (AW) of IFPM, IFRM, IFNM, OFPM, OFRM, and OFNM
were about -14.45, -23.00, -21.56, -13.27, -12.64, and -18.65 mm. For the same plots, the
N-uptakes were about 128.86, 82.40, 125.20, 103.5, 110.16, and 9595 kg ha’,
respectively, while the P-uptakes were about 45.34, 91.05, 44.50, 37.06, 33.64, 46.52 kg
ha, respectively. Amongst others, IFPM was considerably most effective in maintaining
water and nutrients dynamics in the soil.

Keywords: horizontal-ridge, organic fertilizer, potato-tea intercropping system, rice-
straw mulch, water-nutrient balance



Horizontal-Ridges Water and Nutrients Balance under
Potato-Tea Intercropping System

K. Wijaya', P.H. Kuncoro', Ardiansyah', E. Sumarni', C. Arif?

'Department of Agricultural Engineering, Jenderal Soedirman University, Indonesia
*Department of Civil and Environmental Engineering, Bogor Agricultural University,
Indonesia
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Abstract. Severe land and environment degradations due to conventionally potato cultivation
on slopping-(vertical)-ridges in most Indonesian tropical highlands has stimulated the necessity
to develop a sustainable farming system of the crop. However, there has been still little known
on this specific issue scientifically. In this study, therefore, we focused on characterizing water
and nutrients balance on contour-(horizontal)-ridges under potato-tea intercropping system to
confirm its applicability to support the optimum crop production while reducing soil erosion.
The field experiment was carried out in the intercropping plots (3.5m x 3.5m) with different
fertilizers (inorganic/IF-NPK and inorganic/IF-Petroganik) and mulches (plastic/PM, rice-
straw/RM, and no-mulch/NM) applied. Thus, there were totally 6 treatments/plots combinations
(IFPM-IFRM-IFNM-OFPM-OFRM-OFNM) with 5 replications (5 horizontal-ridges) each. For
each plot, the volumetric water content in a central horizontal-ridge at the depth of 10 and 20cm
was monitored hourly using Decagon’s STE/EC-5 moisture sensors and EM50/EM50b data
logger. At the same depth, the 100cc undisturbed-core and plastic-disturbed samples were also
sampled monthly for measurement of basic soil physical (dry bulk density and permeability) and
chemical (Total-N and Total-P) properties, respectively. The results showed that water storage
(AW) of IFPM, IFRM, IFNM, OFPM, OFRM, and OFNM were about -14.45, -23.00, -21.56, -
13.27, -12.64, and -18.65 mm. For the same plots, the N-uptakes were about 128.86, 82.40,
125.20, 103.5, 110.16, and 95.95 kg ha™', respectively, while the P-uptakes were about 45.34,
91.05, 44.50, 37.06, 33.64, 46.52 kg ha™', respectively. Amongst others, IFPM was considerably
most effective in maintaining water and nutrients dynamics in the soil.

1. Introduction

Potato is typically a “cool weather crop” that has an economically-promising market sell. To meet an
accommodative and optimum growing temperature of 18 to 20°C especially in the hot-tropical climate
regions like Indonesia, potato is usually cultivated in the highlands [...]. Conventionally, long-term use
of vertical-ridge (slopping-ridge) system with intensive chemical fertilizer and pesticide applications is
carried out for the cultivation [2].

Such practices, however, may accelerate land and environment degradations at the cultivating sites
or even surrounding areas. The vertical-ridge system of potato lands at the upper stream of Serayu
watershed in Central Java of Indonesia has been found to cause severe runoff and soil losses [5] as well
as sedimentation [6] along with the occurrence of water contamination due to the chemical applications.
Instead of the vertical-ridge system, a horizontal-ridge (contour-ridge) system has been introduced for
potato lands that enables to reduce the either of runoff and soil losses regardless the land slope levels [2,



5, 7]. Nevertheless, less crop yield was noticed [2] owing to the possible water logging nearby the ridges
that may alter soil aeration and drainage conditions [...].

Tea, an annual crop with suitable canopy and deep roots system, has advantages of reducing soil
erosion, enhancing soil quality and improving an optimum surrounding microclimate [....]. Further, the
tea has been introduced as an intercrop with either other annual or seasonal crop [.....] that may give
benefit economically [....]. With shed tolerance, especially young tea crop [intercropping system, tea
and its potent to be introduced as intercropping system).

On the other hand, organic fertilizer is well-known as soil amendments to improve the soil water and
nutrient balance. The organic fertilizer improves water retention, aeration status, cation exchange
capacity, and nutrients available for plant (Khan et al., 2000; Johnson et al., 2006) [9, 12, 13]. Further,
it reduces nutrient leaching, while creating a higher crop uptake of nutrients (...).

Nevertheless, a potential of the organic fertilizer and biochar applications to overcoming the entailing
problems of the possible occurring water logging upon the horizontal-ridge system has yet been paid
less attention. Accordingly, this study aimed to clarify efficacy of the organic fertilizer and biochar
applications on the improvement of soil water and nutrient balance over a horizontal-ridge system.

2. Materials and Method

2.1. Land preparation

The research site was located at Serang agricultural highland in Central Java province of Indonesia
(7°14°31°" 8, 109°16°50"'E) with a typical soil of Andisol (Table 1). A horizontal-ridge system (Figure
1) was developed over 10 targeted plots sized 3 x 3 m* of each. Of the each plot, 0.6 m height plastic
sheet, of which 20 cm was embedded into the field, was vertically installed along the plot edges and
used as a fence to localize the rainfall and sedimentation by runoff. Along with this, an acrylic box
equipped with a cover was placed at a certain point of the plot bottom and used as a sediment collector
(Figure 1). Upon these 10 targeted plots, inorganic and organic fertilizers were applied for the first 5
and the rest 5 plots, respectively. The inorganic fertilizer used was NPK with the rate of N, P»Os, and
K;O as 146, 310, and 288 kg ha™, respectively. The organic fertilizer used, on the other hand, was a
local commercial product (Table 2) with the rate set for 20 ton ha' in order to meet an equivalent rate
of NPK with those of the inorganic fertilizer used. Along with these fertilizers treatment, wood and rice-
husk biochars (Table 2) were applied for two rates: 5 and 10 ton ha' (both were sieved through 5 mm
screen prior to the application to maintain the homogeneity that affect the water and nutrients holding
capacity) Plots without biochar applied were taken as the control (Figure 2). Finally, potato crop was
sowed upon the all plots following the ridges within 0.5 m interval (Figure 1).

2.2. Soil sampling and measurement

At the center of research site, a mini-weather station (Davis Instrument Corp.) was installed to record daily
climate data up to 75 days after sowing (DAS): rainfall rate, temperature, relative humidity, solar radiation,
and wind speed/direction (Figure 1). Assuming the root zone of potato crop typically takes about 15-20 cm
depth, an EC-5 sensor (Decagon Devices Inc.) connected to EMS50 data logger was installed at the center of
each plot within 15 cm soil depth for daily data recording of volumetric water content (6). The installed
sediment collector was used to collecting runoff, of which the volume was determined after the rainfall
ceased. The collected runoff was then oven dried at 105° for 24 hours to determining the volume of soil loss.

Based on the material budget theory as in Hillel (1998), water balance in soil may be written as:

AS, =B, +1,—Ry—Pcy—ET, (1)
where: AS. is the total water stored (mm); while P., Iy, Ry, Pew, and ET,, are the stored or depleted water by
rainfall, irrigation, runoff, percolation, and evapotranspiration, respectively. In this study, AS, was assessed
from the daily measured 6, whereas ET, was estimated from the climate data using Penman-Monteith
method. Precipitation was inferred from the rainfall data, while irrigation was set to be zero in particular. By
recalling the data of runoff and the equation (1), percolation was then could be determined.

Nutrient balance, on the other hand, could be expressed as (Hillel, 1998):



AS,=P,+1,+FE,—R, — Pc, — Up, (2)
where: AS, is the total nutrient stored (kg ha'); while P,, I,, F,, R., Pc,, and Up, are the stored or depleted
nutrient by precipitation, irrigation, fertilizer, runoff, percolation, and crop usage, respectively. For the
balance analysis of either Nitrogen (N) or phosphorus (P), storage value of these two were determined using
Kjeldahl and Colorimetric method, respectively.

The value of AS,, that further also taken as the total nutrient of N or P was assessed using a slight amount of
disturbed soil sample (about 50 g) taken from 15 cm depth of each plot at 0, 15, 45, and 75 DAS within five
replications. Still using the same samples, available nutrient of N and P could be derived with the help of
Kjeldahl and Colorimetric method, respectively. In this case, the values of total and available nutrients were
determined for a cumulative of 0-15, 16-45, and 46-75 DAS period.

The value of P, was determined using 10 mm rainfall sample for five replications those randomly taken
before the rain ceased, whereas the value of /, was set to be zero as no irrigation performed. The value of F,
was preliminary determined from the 20 g sample of N or P,Os fertilizer, while the value of Up, was
determined from the crop sample taken at 75 DAS; both for five replications likewise. The number of R, was
calculated from about 20 g sample of the sediment collected at 15, 45, and 75 DAS within three replications.
The value of Pc, was then could be inferred from the equation (2).

Along with these measurements above, undisturbed soil samples were taken from each plot using 100 cm?
core sampler (5 cm in diameter and 5 cm height) at 15 cm soil depth within five replications. This sampling
was conducted after 15, 45, and 75 DAS as to represent the initial, growing, and maturing stage of potato
cultivating period. The sample was weighed, and then water saturated for the measurement of saturated
hydraulic conductivity (K5) using falling head method. Subsequently, the sample was oven-dried at 105°C
for 24 hours to determine the value of mass water content (w) and dry bulk density (), by which the value
of related @ could be calculated from.
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® POTATO is an important and a promising-market-sells
commodity

® HIGH DEMAND and LOW SUPPLY of the commodity
encourages an intensive CONVENTIONAL POTATO
CULTIVATION in Tropical Highlands
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SLOPPING (VERTICAL)-RIDGE SYSTEM,
INORGANIC FERTILIZERS/PESTICIDES
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SOIL EROSION on site, LAND & ENVIRONMENTAL
DEGRADATION in surrounding watershed
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TEA,as a RCROP (AGROFORESTRY)

® Development of the APPROPRIATE CULTIVATION
TECHNIQUES is essential

S
CONTOUR (HORIZONTAL)-RIDGE SYSTEM,
ORGANIC FERTILIZERS/AMENDMENTS and
MULCHING
“Effective to reduce soil erosion up to 50-70% (Wijaya et
al., 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015a,
2015b), BUT yet un-optimal for the yield of the potato,
might be due to waterlogged on the ridge profile”
-

® AGROFORESTRY SYSTEM potent to be an alternative
way to solve the problem

® An annual crop with suitable canopy (land coverage) and
deep roots system

® Has advantages in reducing soil erosion, enhancing soil
quality, and improving surrounding microclimate

® Has been introducing to be an intercrop to other crops
incld. vegetables with good benefits, either
environmentally or economically
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® However, the application of the tea to be an intercrop
in potato cultivation with horizontal-ridge system as
well as the impact on field materials balance or potato
productivity has not been widely understood yet.
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® To characterize water and nutrients balance on
contour-(horizontal)-ridges under potato-tea
intercropping system to confirm its applicability to
support the optimum crop production while reducing soil
erosion

® Experimental site:
Kaligua village, Brebes,
Central Java with 6 plots
(@3 m x 5 m); slope:
15%; ridge dimension
(width x height): 30 cm x
40 cm; crop interval: 80
cm x 50 cm
® Field samples collection:
0,22,43,71,and 85
days after sowing (DAS)
v' Soil physical prop.
(depth: 10 & 20 cm)
v" Runoff and soil loss
v' Crop growth
parameters

v Microclimate
parameters
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CONCLUSIONS OOO

® The organic fertilizer-rice-straw mulch (OFRM)
combination might be one of the appropriate options for
sustainable potato farming under horizontal ridge and
tea intercrop

00O OO0

FURTHER RESEARCH

Thank you!

® Spatio-temporal variability of soil physic-chemical
properties in relation to the productivity of potato crop
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