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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-(Al), 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
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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-(AQ), and wood-(Al), 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).

|_piao | Lp2a201 | [ piaipi | [_p2a0_ |
|pa202 ] [[p2a303 ] [Cp2a3p2 ] [CP2a2p1i ]
|_P2a203 | [_p2a3p: | [ p1A3D3 | [ _PiA3D2 |
|pasn2 ] [p2ac_1 [Cp2a3pi] [Cpiazpi]
|_p1az203 | [p2aip2 | L_Piao | [_Piaip1 |
|piaipa ] [Cp2a202 ] [Cp2a203 ] [Cp2aipi ]
|_p2a1p3 | [piain2 | [ piabp2 | [ Pia203 |
|_Piaz01 | [ piamd: | [ p2aiD2 | [ _PiA1D2 | i
|_piaip3 | [_Piao | [ piazpi | [ P2a1D2 |
|_P1a3p3 | [p2a3p3 | [ pia3pi | [ _P2A1D3 |
|_p2a201 | [piain2 | [ p2a202 | [ _Pia202 |
|_P2a3p1 | [p2a3p3 | [ p2aipi | [ _PiA3D2 | Soil Data

moisture = logger
p2a1D1 | |_p2A2D3 | |_P2A3D2 | L__P2A0 | sensor

I P1A3D1 I I P2A3D2 I I P1A2D3 I I P2A2D2 I L

| _pPiaip1 | [ PiAa3D3 | [ PiA1D3 1 [ _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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Data Analysis

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

methods as follows:

1)

)

®3)

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

ET =K, .ET, (1)

0.408A(Rn-G)+y 37 U2(es—ea)
ETo = T+273 (2)
A+y(1+0.34U2)

where, K. is the crop coefficient; ET, is the potential evapotranspiration; T is the air temperature at 2 m height;
(es-€a) is the vapor pressure deficit; uy is the wind speed at the 2 m height; R, is the net radiation at the crop
surface; A is the slope vapor pressure curve; y is the psychometric constant; and G is the soil heat flux density.
The production of potato crop was modeled based on the Modified Cobb-Douglas formula:

Y=a Nbl Pb2 KbS e (u+ b4Ar) ETbS (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, bl, b2, b3, u, b4, and b4 are the
fitted/optimized parameters.

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)/N) @

where, Yprediced 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).

Evapotranspiration (mm)

Irngation (mm) Irrigation {mm)

~4—P1A0 =10 4 ~P2A0
10 —m-pia1D1 & 10 —m-p2a1D1
8 15 5 —a—~P1A1D2 g g 4 . 15§ ——p2a102
20 S —@-p1A1D3 B | 20 & —@-p2ai3
s -~ =
6| ¥ 25 S ~@-p1A2D1 E y 25 S ~8-p2A2DY
’ -] = 1] =
‘ i 30 & ~e-p1azp2 & A 3 » P2Az02
g ‘ ,“! W 35 = P1AZD 3 y ik k k "" o35 = P2AZD3
2 Il o R ! Ly ’!z 1 40 P1A3DL E 2 U 3 i %‘l 40 P2A3DL
5 I & ;A AR 3 45 P1A3D2 * Fo x " 45 PZA3D2
£ > - s -
0 2 50 P1A3D3 o —R_K_ & 50 PZA3D3
27 32 37 42 A7 52 57 62 67 72 77 82 87 27 32 37 42 A7 52 57 62 67 72 77 82 87
Days After Sowing (DAS) Davs After Sowing (DAS)

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 vyield 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).

450 50
400 | UL Bl mP1AI0] BP1A1D2 BP1A103 LIS BN
= L 040 mP14202 mPIA2D2 af1a3 nP13302 nP14303
E 350 3 —= n - = = 350 ne2A0 wp2A101 mP2AND2 mP2AI03 rra2m
- = 3N mP22202 P24 Maim PIAAD2 P2A303
% 300 2
- "ep | 530
,g:‘ 250 ' E [
zm,., s . = . -2 8 -8 £ 230 1 ¥
K
= 150 ¥ 100 f
2 z .
1 \'l + - — — - — — —B -85 — - | i
2 100 _§ 150
=
W - 100
0 | :
S N Me e N M= NMOC-NMeeNM~NMmM 50 1
< scogapogcoagcoacccaaco hl
ﬂﬂﬂﬂﬂ N N N M MM M N oo N NN
L Ccc e cCe gL CcCCTCCG << 0 - -
CECoEEoRry Sgpogdgn 2 i
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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 vyields 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).

B .
- E o A
ZE (‘v--.\ £ f _'a";_.\\ ‘s
£ PEEE a DT e - g 2 e -t
2 -l g g = A 2 e . W= == 7,
s W | s W . ~ ®
. @ g e -~
£ 4 okt
B
3. oo .l e oem
# 4 MA & a o202
" PlA3 . oAl
3 seress Mode! [HMSE=0.0045) sosne Model (RMSE=Q 0067
- WA (MMSE0.0063) - oo Model (RMSE 133
T - = Model (RMSE=0.0077)
0
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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 ~ Char.

Modeled Formula Fitted/Optimized Parameters RMSE
Type Rate
(t/ha) Y = aNPIpP2KPIUADAETDS a bl b2 b3 u b4 b5 (t/ha)
Inorganic 0 Y = a0.202°10.173%20.007"%"244 6.545 -0.202 -0.221 -0.635 0.124 0.014 -0.733 0.0045

5 Y = a0.205P10.17620.007 %9275
10 Y =a0.194'0.167°20.006"%“ 1004205
15 Y =a0.21010.181%0.007"% 154284

Organic 0 Y = a0.19010.208%0.056"%"289" 6.519 0322 0304 0557 -0.191 0.012 049  0.0067
5 Y =a0.217°10.236%0.070"%**4301°5
10 Y = a0.20510.224%0.064"% 1004338
15 Y = a0.181"10.198%0.051 3150423505

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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