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Shifting cultivation management
to increase economic efficiency in potato farms

Abstract. Farming shiftingis one of the cultivation strategiesto find theideal environment. Shifting agriculture
is caused by limited knowledge of farmers on environmental conditions for growing plants. This study aims
to describe the input variables and shifting cultivation management on the efficiency of potato farming.
The research method used is descriptive statistics. The study involved 51 potato farmers in Minyeimemut
and Arion villages of Hingk sub-district, Manokwari District, West Papua, Indonesia. Potato commodities
cultivated by Arfak farmers are still using a shifting cultivation system. Analysis of the data by quantitative
descriptive method with the help of Frontier 4.1 software and the Maximum Likelihood Estimation (MLE)
approach to reduce the stochastic frontier cost function. The results showed that the average potato
production was 296.08 Kg/Season. The average area of land cultivated by farmers is 0.15 Ha, the average
use of seeds is 44.41 kg, and the average workforce is 33.08 Working Days (HOK). The cultivation activities
of potato farmers show 4.33 years of shifting. Economic efficiency shows potato farming of 0.08548 which
means it has a fairly economical category.

Keywords: Shifting Cultivation; Variable Rate Technology; Conventional Farming; Economic Efficiency;
Potato Farming
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BinaTti A. B.

KaHauaar eKOHOMIYHUX HayK, BUKNagad, nporpamMa coLianbHo-eKOHOMIYHOMO CilbCbKOro rocrnoaapcraa,

Manyacekun yHiBepcuTert, MNanya, IHaoHesia

daxpis

KaHaAWAAT eKOHOMIMHUX HayK, BUKaaad, nporpamMa couianbHo-eKOHOMIYHOIMO CibCbKOro rocnogapcrea,
iBepcuteT bpasigxan, Mananr, IHgoHesis

3miHHe ynpaBniHHSA BUPOLLYBAHHAM ANS NiABULLEHHS €KOHOMIYHOT e eKTUBHOCTI

B KapTonnsipcbKMX rocnogapcreax

AHoTauis. 3MiHHe 3emnepobeTBO — 0AHA 3i CTpaTerin BUPOLLYBaHHSA, CNPAMOBaHa Ha NOLWYK iAeansHoro

cepenosuLLa, BOHO NOB’ A3aHe 3 0bMexXeHnmMm 3HaHHaMu pepmepis NPOo yMOBW AOBKINNSA ANS BUPOLLYBAHHSA

pocnuH. Lle gocnigxeHHs CNPAMOBaH e Ha ONUC BXIAHUX 3MIHHUX Ta 3MIHHOI O KE PYBaHHA BUPOLLYYBaHHSAM, LLLO

BNANBAIOTb HAa €D EKTUBHICTb BUPOLLYYBAHHSA KapTOMli. AK MeToA A0CNIAXEHHS BUKOPUCTOBYETLCSA ONMCOBA

cratmcTuka. Y aocnifxeHHi B3snu ydactb 51 depmep, siknii BUpOLWYe Kaptonnio B cenax MiHbeiMemyT

Ta ApioH y 3axigHomy [Manya B lHooHe3ii. AHani3 aaHux 3AIMCHEHO KiNbKICHWMM ONUCOBUM METOAOM 3a

[0NOMOrol NnporpamHoro 3abeaneyeHHs Frontier 4.1 ta nigxoay OWiHKM MakCUManbHOi NpaBaonoaibHOCTI

(MLE) ons 3MEHLWEeHHs CTOXaCTU4HOI rpaHnyHoi dyHkuii BapTocTi. Pe3ynstatm nokasanu, wWo cepenHs

BPOXaWHiCTL kapTonni ctaHoBuna 296,08 kr/ce3oH. Cepeaua nnowua 3emni, wo obpobnaeTsea pepmepamu,

craHoBuTb 0,15 ra, cepeaHe BUKOPUCTaHHA HaCiHHA — 44,41 kr, a cepeaHs poboya cuna — 33,08 poboumx

AaHis. BupoluysaHHa kapronnsapis nokasye 4,33 poku 3MiHHOI poBoTv. EkoHOMIYHA edeKTUBHICTb nokasye

ansa kapronnspctea koediuieHT 0,08548, a oTxe, BOHO HANeXuTb 40 4OCUTL EKOHOMIYHOT KaTeropii.

Knio4oBsi cnoBa: 3MiHHE BMPOLLYBaHHS; 3BUYAHE CiNbCbKE roCrnoaapCrBO; EKOHOMIYHA €(hEeKTUBHICTb;

KapTonnsHe rocnoaapcTeo; KapTonnapcTeo.

HOMmunapTn y.
KaHaAnAaT 9KOHOMUYECKUX HayK, Npenoaasarens,
nporpaMma coumanbHO-3KOHOMUYECKOI0 CeIbCKOro X03anCTea,
Manyackuii yansepcuTer, MNanya, MHaoHe3us
WUcackap P.
KaHguaar 3KOHOMUYECKUX HayK, npenogasaresb,
nporpaMma coumanbHo-3KOHOMUYECKOI0 CENbCKOro X03anCTea,
Yuusepcutet Bpasuaxas, Manaur, UHgoHeans
Bupatn A. B.
KaHaAn[ar 9KOHOMUHYECKUX HayK, Npenoaasarens,
nporpamMma coumanbHO-3KOHOMUYECKOro CENbCKOro X03ANCTBa,
Manyackuin yausepcuter, MNanya, MHpoHesus
daxpus
KaHanaar 9KOHOMUHECKUX HayK, Npenoaasaresis,
nporpaMma coumanbHO-3KOHOMUYECKOro CeNbCKOro X03anCTea,

neepcuteT Bpasuaxas, Manaur, UHpoHe3us
CMeHHOe ynpasneHue BbipaliuBaHUEM AN NOBbILLEHUS IKOHOMUYE CKO M 3PP EeKTUBHOCTHN
B KapTodenesoayeckux Xo3anucreax
AnHoTaumus. CmeHHoe 3emnepenve — ogHa W3 CTpaTternini BolpalmBaHWUs, HanpasfieHHAs Ha NOMUCK
naeanbHoOM Cpeabl, OHO CBA3AHO C OrpaHUdMeHHbIMU 3HaHusaMKU depmepoB 06 YCNoBUAX OKPYXaloLen
cpeapbl ANA BbipaluMBaHua pacTeHnii. 3To nccnegoBaHmne HanpasneHo Ha ONMCaHUE BXOAHbLIX NEPEeMEeHHbIX
Y CMEHHOr0 yrnpasneHus BblpalinBaHuem, Bamsiomx Ha adGekTuBHOCTb Bblpawmsannsa kaprodens. B
KayecTee MeToAa VUCCneaoBaHMa UCNONb3yeTCs onucartensHas cratmcTuka. B uccnepoBanuuv npuHann
y4actue 51 ¢pepmep, Boipalmealowmin kaptodens B aepesHax MuHbenmemyT n ApuoH B 3anaagHom MNanya
B8 MHAoHEe3mn. AHann3 faHHbIX OCYLWECTBAEH KONMYECTBEHHbIM OnucarenbHbiM METOAOM C MNOMOLLLIO
nporpammHoro obecrneyenus Frontier 4.1 n nogxona OUEHKU MAKCUManbHOro npasaonogobus (MLE)
ANS YMEHbLUEHNA CTOXaCTUYMECKOW rPaHnyHOM GYHKUMM CTOMMOCTU. PeaynbTarbl nokasanu, Y4To CpeaHss
ypoxanHocTb kaprodens cocrasuna 296,08 kr/ceson. CpegHsisi nnowanb 3emnu, obpabarbisaemoir
depmepamu, cocrasnsaet 0,15 ra, cpegHee ucnonb3oBaHue cemsiH — 44 41 kr, a cpegHsaa paboyas
cuna — 33,08 pabouux aHa. Beipawmeanve kaptodenesonos nokasbisaet 4,33 roga CMEHHOW paboTbl.
OkoHomMuyeckasn apdekTUBHOCTL NokasbiBaeT aAns kaptodenesoacrea koadduumenT 0,08548, a 3Hauur,
OHO OTHOCUTCS K AOCTATO4YHO 9KOHOMWUYHOW Kareropuu.
KnioyeBble cnoBa: CMeHHOE BblpawuvBaHue; O0O0bIMHOE CEeNbCKOe XO3AWCTBO; 9KOHOMUYECKas
adbdekTMBHOCTb; KapTodenbHoe X03aNCTBO; kKapTodenesoacTso.

1. Introduction

Potato (Solanum tuberosuflEIL) is a horticultural plant that has a high economic value. In ad-
dition, potatoes are cultivated in different parts of the world because they contain essential nut-
rients humans and animals need (Dogbe & Revoredo-Giha, 2021; Timpanaro et al., 2021). In ad-
dition, potatoes are also one of the export commodities and sources of foreign exchange. This
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is because potatoes commodity can be developed to increase the economic productivity of the
community (Agussabti et al., 2020; Kovarda, 2021). Indonesia is one of the countries with many
potato production centres (Utami & Ambarwati, 2017).

In Indonesia, based on the harvest date, the area of potato business has decreased from year
to year. The Central Bureau of Statistics and the Directorate General of Horticulture in 2018, the
potato harvested areain Indonesia was 68,683 Ha, thenin 2019, it fellto 68,223 Ha. Nevertheless,
national potato production and productivity increased by 2.33 tons/ha in 2018 and 3.02 tons/ha
in 2019. This fact also occurred in West Papua Province, where potato harvest fell to -98.06 Ha in
the same year, and production fell to -84.21 tons. Such a condition should not have happened,
considering that West Papua still has agricultural areas and land potential that have not been used
optimally.

Gunung Arfak Regency is a fertile area with biodiversity (Kowalski et al., 202(fManik et al., 2018).
Geographically this region can produce various types of highland vegetables. Potato commodities
cultivated by Arfak farmers are still using a shifting cultivation system (Szalka & Tamandl, 2019).
Hingk District is one of the areas where most of the farmers cultivate potato plants traditionally. The
resulting potatoes can meet market demand in the city of Manokwari.

The Arfak Farmers Group succeeded in changing the cultivation system by opening small fo-
rest plots (Stachowicz et al., 2021). Diversion of cultivation affects economic efficiency in pota-
to cultivation. Economic efficiency focuses on producing achievement targets with the lowest
process costs (Su & Jiang, 2021; Szalka & Tamandl, 2019). Economic efficiency is the inverse
of cost-efficiency (Kuzmenko et al., 2020). The knowledge of Arfak farmers about shifting cul-
tivation system management is still low. Lack of knowledge impacts the economic efficiency of
the Arfak community, especially potato farmers (Seal et al., 2017). Economic efficiency analy-
sis needs to be considered to assist farmers in managing the economy in traditional cultivation
(Pavlenko et al., 2018). Different methods of technology quality affect costs and then affect eco-
nomic performance (Kowalski et al., 2020). Farmers must manage sustainably with a good shif-
ting cultivation system.

@ Research Methods

The research method used is descriptive statistics. The study involved 51 potato farmers in
Minyeimemut and Arion villages, sub-district, Hingk, Manokwari District, West Papua, Indonesia.

The analysis method is a quantitative descriptive analysis to explain the management of the
farming system. Furthermore, economic efficiency (EE) is measured by deriving stochastic fron-
tier costs using Frontier software 4. 1. Common functions of stochastic cost frontier are:

Ci = C (Yi, Wi) + (Vi-Ui) . (1)

The stochastic frontier of the cost function for shifting cultivation system in this study can be
formulated as follows:

In Bprod LP/NP = 0 + 1 InProd + 2 InHBbt + f3InHTk + (vi-ui) , (2)

where:

BProdLP is Potatoes’ total cost of production in shifting cultivation system (Rp/Season);
BProdNP is Potatoes’ total cost of production in settled agricultural system (Rp/Season);
Prod is Amount of production or output of potatoes (Kg);

HBbt is seed price (Rp);

HTk is Labor Cost (Rp/Season);

S0 is Intercept;

p1-f3 is Coefficient;

vi - ui is Error term;

Economic Efficiency (EE) is the ratio between the minimum observed total production cost (C*)
and the total overall actual production cost (C), as in the following equation:

_C _ ECilw=04YuP) _ )
EE == Tsciuriy — ELule]- R
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The value of economic efficiency ranges from 0 to 1. By using frontier 4.1 program application,
it will be obtained cost efficiency value or Cost Efficiency (CE), which was originally calculated as
an equation inverse;

Yi _ _E(MilUiXo)

TE, ===
Yy E(Y;|Ui=0,X})

= E[exp(-Uile) ,
hence, the economic efficiency (EE) of farming is the inverse of Cost Efficiency (CE) with the
following formula:

1

EE = CostEf ficiency (CE) *

(4)

The criteria for determining the level of efficiency are:
« Very efficient: EE > 0.90;
+ Quite efficient: 0.70 < EE < 0.90;
* Not efficient: EE < 0.70.

3. Results and Discussion

3.1. Cultivation Characteristics

Farmer Arfak is working on potato cultivation with a semi-commercial pattern. Farmers use con-
ventional methods in potato cultivation. Cof@entional farming produces higher yields and is easier
than non-conventional methods (Heinrichs et al., 2021; Musyoka et al., 2017; Schrama et al., 2018).
Farm the Arfak community, if the land area is limited, will be consumed by itself and will not be
sold. This pattern of behavior is very common for farmers using conventional farming methods
(Papadopoulos & Kalivas, 2021).

Potato isacommodity that has been planted for generations by the Arfak community in the Hingk
sub-district. Potatoes are a staple food for the Arfak community in addition to tubers. Farmers in
the Arfak community never use chemical fertilizers and herbicides in the process of plant growth
(Anh et al., 2017). Instead, plant cultivation is influenced by the seeds used (Virmond etal., 2017).
The cultivation results are organic vegetables that are good for the body compared to non-orga-
nic vegetables (Pacifico et al., 2017). Production costs in potato cultivation are very low because
they do not use chemical fertilizers and herbicides. Low production costs result in higher econo-
mic profits (Seal et al., 2017).

Farmers provide potato seeds independently from previous harvests. To increase productivity,
farmers need seeds of superior quality (Zhang et al., 2018). The local government has provided
a tractor used as a land management tool, but Farmers Arfak has never used it for potato cultiva-
tion activities. Arfak farmers do not use tractors due to low knowledge, skills, or gaps in techno-
logy (Khanal et al., 2018; Ngango & Hong, 2021). Land located separately and topography difficult
to access is another obstacle in transporting and using tractors (Sumadi et al., 2020).

In general, Arfak farmers manage farming with the shifting cultivation system collectively with
the clan members. With an average number of family members of as many as four people, farmers
can do land clearing activities until planting farmland areas (Golovin et al., 2021). Furthermore,
the land area will be used to plant potatoes and other horticultural crops (Seheda et al., 2019).
Therefore, the planting is adjusted with the contribution of each family member in land clearing
activities.

3.2. Description of Farm System Management and Potato Farming Input

Potato’s Production factors in shifting cultivation systems are still limited to the main produc-
tion factors: land, seedlings, and labor. The description of the production factors and the output
obtained can be seen in Table 1.

The average potato production in shifting cultivation system is 296.08 Kg/Season, with a
standard deviation of 121.62 Kg/Season. The distribution of potato farmer production per sea-
son between farmers is quite large. Land productivity for potato plants is relatively low because
farmers do not use production inputs. The growth of potato plants is only supported by soil fer-
tility due to shifting cultivation systems. Farmers use agricultural land collectively, known as
ulayat land, by some Arfak communities who have clans. According to the clan agreement, the
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Table 1:
Statistics Description of Input and Variable for Management of Shifting Cultivation System in
Hingk District

Variable Data Statistics of Input and Variable
Average St.Dev. Min Max
Production (Kg/Season) 296.08 121.62 80.00 550.00
Productivity (Kg/ha) 2.42 1.37 0.72 6.67
Land (ha) 0.15 0.07 0.02 0.30
Amount of seedlings (Kg) 44.41 15.89 20.00 80.00
Labor (WD) 33.08 10.27 18.18 68.27
Period (year) 4.33 1.11 3.00 7.00
Planting Period (time) 3.33 1.15 1.00 8.00
Age of farmer (year) 30.39 11.90 18.00 65.00
Experience (Years) 13.14 7.81 5.00 40.00
aamily member of farmer (person) 3.86 1.37 2.00 7.00

Source: Compiled by the authors

head of the family in a clan group can use their ulayat land. The average land area for potato
plants (0.15 ha) by households is relatively small based on the production land area. This is be-
cause farmers cultivate other crops such as sweet potatoes, carrots, and cabbage in the same
land area.

The number of seeds used as planting material for one planting period on average was
44 .41 kg. The average labor used for potato farming is 33.08 working days (WD) or 304.18 WD
per hectare. Labor in cultivation comes from workers from family groups, both men and women.
Most of the work in the production process is done by women, while men work to clear land and
help with harvesting. The period of shifting cultivation system has a mean of 4.33 yedfE) This sys-
tem’s limited land use period allows the soil to recover from planting (Teegalapalli et al., 2018;
Wood et al., 2017). The time spent by the Arfak tribe is relatively lower than the shifting cultiva-
tion of the Dayak tribe, which ranges from 5 to 15 years. The short period of land rest may ex-
plain why land productivity for potato crops in the Hingk District is low. The short soil rest period
results in a very short time to return to the fertile soil.

The average age of potato farmers in the Hingk Regency ranges from 30839 years. The age
of the farmer is in line with the experience of the farmer. Farming experience affects their ability to
adapt to natural changes (Atube et al., 2021; Nel & Mabhena, 2021; Yan et al., 2021). Arfak Tribe
Farming Experience is 13 to 14 years. The Arfak tribe has quite a lot of experienced farmers in po-
tato cultivation. In addition to the experience of productive age, farmers are one of the determi-
ning factors in shifting cultivation (Suresh et al., 2021). The land management system is still prac-
ticed by local indigenous peoples (Baffour-Ata et al., 2021). In addition, the time used in the pro-
cess is quite long, namely three months from land clearing to planting potatoes.

3.3. Economic Efficiency of Potato Farming

Economic efficiency is analyzed in terms roduction inputs based on prices applicable at the
farmer level. Bost efficiency analysis using hastic frontier cost function model with frontier
4.1 program. The results of the estimation of thef@tochastic frontier cost function of potato farming
in the migrated fields in Arfak Mountain District are presented in Table 2.

Table 2:
Estimated Model of Production Cost of Stochastic Frontier Potato Farm in shifting cultivation
system in Hingk District

Variable Parameter Sign of Hope Shifting Cultivation System

Coefficient T-Ratio
Constant <1 +/- 1.0516 0.6134
Seed Price a; + | 0.1898** 2.1231
Labor Cost a; + 0.8896*** 5.4822
Potato Production as + 0.3579%** 4.6846
Sigma-squared o’ 0.0574** 2.0533
Gamma Y | 0.6651* 1.8323

Notes:

it/ Slgnlﬁcant a= 1%; ttable 0.01:47 = 26845, tlable 0,01:49 = 26799,
2 Slgnlﬁcant a= 5%, ttable 0,05:47 =2.01 17. ttable 0,05;49 = 20095.
'-:Signiﬁcant & =10%; Yapie0,1:47 =1.6779, taple 0,1:490 = 1.6765.

10

Source: Compiled by the authors
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The estimated results of the stochastic frontier cost model show that the coefficient sigma
square (02) of 0.0574 is significant at a 5% error rate. This means a 0.0574 or 0.06% variation of
the cost of potato farming on the shifting cultivation contributed by the influence of cost ineffi-
ciency (Ul) and external influence (V). The gamma value () of the cost of production is 0.6651
significantly at a 10% error rate, significant at a 5% error rate, meaning that 66.51% of errors in
the cost of production due to cost inefficiencies and the remaining 33.49% due to external in-
fluences.

Table 2 shows that all independent variable coefficients (seed prices, labor wages, and pro-
duction amounts) are positive. This means that all of these factors increase the total cost of
production of catering paribus. In the shifting cultivation system t-ratio, seed prices are sta-
tistically significant at 5%, while labor and production costs W high at 1%. Thus, the variable
price of production inputs determines potato production in shifting cultivation systems (Das
et al., 2021; Pichler et al., 2021). The effect of seed price on the increase in total cost is due
to farmers not producing their seeds. Rather they buy the seeds from other farmers, either by
bartering or replacing them with labor to other farmers who have seedlings. The more seed-
lings needed by farmers in the study area, the rarer the potato seedlings. Thus, the greater the
production cost for the procurement of seeds can be obtained from other villages in Hingk Dis-
trict or surrounding districts.

Labor is important in traditional farming. Every activity in potato farming requires labor, both
from within the family and from outside the family. It also requires labor costs that are the amount
of the cost of farming activities related to the work done by the workforce. Production costs are
greater for activities that require more work time (Komariah & Razzag, 2020). The costs include
costs for consumptiorfEhd other costs such as cigarettes.

Potato production has a positive and significant effect at a 1% of error rate. The coefficient
of production on shifting cultivation system is 0.3579, meaning that a 1% increase in farm po-
tato production could cause production costs to increase by 0.36%. This suggests that in-
creased production as a result of increased production factors caused the increase in pro-
duction costs.

Economic efficiency is achieved if the marginal product value equals the production factor’s
price or the allocation of production factors has reached efficiently. The distribution of farmers
based on the value of economic efficiency is presented in table 3. The table shows that the ave-
rage economic efficiency (EE) in shifting cultivation system is 0.8548. This means that the eco-
nomic efficiency of the farm is classified as fairly efficient criteria, which are achieved (70.59%)
by most shifting cultivation system farmers. Determination of the product price does not depend
on the number of production costs incurred. The price of production must be determined by the
price of potatoes in the market. This happens even though there is no difference between the
selling price of potatoes at the production site and in the market. The efficiency value of potato
cultivation of the Arfak tribe can be seen in Table 3.

The ability of farmers to use production inputs at minimal cost is relatively good, meaning
that potato farmers can use minimal production costs. The minimum cost can be achieved
because potatoes are grown as a staple food (Seheda et al., 2019; Zavadsky & Hiadlovsky,
2020). In addition to yams, production input costs can be reduced since farmers can obtain
production factors such as seed and labor from the family in one clan. However, agricultural
systems must be improved not to cause environmental damage (Morton et al., 2020; Thong

et al., 2020).

Table 3:

Value of economic efficiency for shifting cultivation system in Hingk District

Efficiency Level Ec ic Efficiency

o Number of Farmers Percent (%)
< 0.70 2 3.92
0.70< Eff<0,90 36 70.59
2 0.90 : 13 : _25.49
Total 51 100.00
Average 0.8548

Deviation Standard._ 0.0659

Minimum 0.6652

Maximum 0.9435

Source: Compiled by the authors
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@ Conclusions

The results showed that the average potato production was 296.08 Kg/Season. The average
area of land cultivated by farmersis 0. 15 Ha, the average use of seeds is 44 .41 kg, and the average
workforce is 33.08 WD. The cultivation activities of potato farmers show 4.33 years of shifting.
Economic efficiency shows potato farming of 0.08548 which means it has a fairly economical ca-
tegory. b. Due to the mixed shifting cultivation system, farmers’ land productivity is 2.42 Kg/hain
the very low category. Farmers with shifting cultivation systems are expected to add more agricul-
tural land to increase production. The economic efficiency of potato farming is, on average 0.8548
quite efficient. b Farmers’ productivity is low but relatively efficient for the economy. Farmers can
continue the farming system and better management of the farming system so that there is no en-
vironmental damage
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