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Abstract— The idea of making North Sumatera as a barometer of national oil palm industry require efforts commodities and agro-
industry development of oil palm. One effort that can be done is by successful execution plantation revitalization. The plantation
Revitalization is an effort to accelerate the development of smallholder plantations, through expansion and replanting by help of palm
estate company as business partner and bank financed plantation revitalization fund. Business partner agreement obliged and bound
to make at least the same smallholder plantation productivity with business partners, so that the refund rate to banks become larger
and prosperous people as a plantation owner. Generally low productivity of smallholder plantations under normal potential caused a
lot of old and damaged plants with plant material at random. The purpose of revitalizing oil palm plantations which are to increase
their competitiveness through increased farm productivity. The research aims to identify potential criteria in influencing plantation
productivity improvement priorities to be observed and followed up in order to improve the competitiveness of destinations and make
North Sumatera barometer of national palm oil can be achieved. Research conducted with Analytical Network Process (ANP), to find
the effect of dependency relationships between factors or criteria with the knowledge of the experts in order to produce an objective
opinion and relevant depict the actual situation.
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processing and marketing of production. Development
[. INTRODUCTION efforts of plantation commodities face various problems
h such as low crop productivity under normal potential, due to

The potential of natural resources in the region of Nort lot of old and d d ol h rand I al
Sumatera Indonesia is very large with a spacious plantation? '0t Of 0ld and damaged plants with random plant materials.

reaches 15.2% of the Indonesian palm oil plantations, cpoPn the_qther hand, one of the program goals is 1o improve
exports amounted to 7.9% of the total Indonesian palm oil cOMpetitiveness throygh increased prod_uctlwty_ and
exports, and the composition of unproductive young pIantsde\’e'Opment Of. plantat|on-ba§ed_downstream industries.

are estimated around 17.2% of the total national palm oil -OW Productivity and quality is a common problem of

plantations. To support the idea of making North Sumateralr_]dones'an palm oil estates. Th? amount pf_produ_ctmn
as a barometer of the national palm oil [15], it is needed tohlghly depends on the type of soil, seed varieties, climate

strengthen the availability of CPO agroindustry raw and technology applied. When compared to government

materials by maximizing the potential through the expansion palm_ 9" estates af?d private palm oil estates then the soil
and rejuvenation of plantation crops (plantation conditions are relatively the same, but the results were much

T . different in production. In optimal circumstances, the
revitalization) to support the development of palm oil s . '
agroindustry)in NorthpSpumatera P P productivity of palm oil can reach 20-25 tonnes FFB / ha /

Plantation Revitalization is an effort to accelerate the Y2 Of abput .4'5 tonnes of CPO North Sumatera condmpn
development of smallholder plantation through the nowaday; IS still around 3.8 tonnes of CPO / ha / year, while
expansion, renovation and rehabilitation of the plantation IS Potential is about 7 tons of CPO / ha/ year.

crops which are supported by the banking and investmentd Integrated . O'Ih p‘f’“g] d(_evlelopmesnt. aom ku_pstreamdtg
credit and also interest subsidy by the government involving ownstream In the industrial area Sel Mangkel targeted by

palm estate companies as partners in the development anf015 the use of CPO in North Sumatra reached 5,250
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thousand tons and increased again in number in 2020be a barometer of the national palm oil [9]. This is supported
became 6,200 thousand tons. As the world's largest CPChy the palm oil estate revitalization program that targets the
producer, with production in 2014 reached 29,3 million tons improvement of the national palm oil productivity and
with a total area 10,9 million hectares [4], Indonesia requiresqualified products in order to achieve the production targets
balance and continuity of raw material palm FFB and CPO in an effort to develop downstream industries and increase
processing industry ranging from up to downstream the added value. The problem faced in doing the
industries such as cooking oil, soap, margarine, revitalization palm oil estates is a FFB balance or continuity
oleochemical and biofuel. There are at least 12 species oproduced in estates to meet the abroad and domestic
palm oil-derived products are planned to be produced fromdemands especially the needs of CPO agroindustry and
the industrial area Sei Mangke North Sumatra, including downstream industry in North Sumatera.
cooking oil, margarine, biodiesel, beta-carotene, fatty acid, This study aims at identifying the potential criteria that
fatty alcohol and surfactants. influence the determinant factors in the improvement of
Vegetable oil needs of the world that continues to increaseestate productivities and CPO agroindustry which are
in line with the rapid increase in demand of CPO consumerprioritized to be observed and followed up in order that the
countries particularly China, India and the European Union goal of increasing competitiveness and making North
[12] and along with the growth of world population Sumatera as the barometer of national palm oil can be
expanding rapidly (from 7 billion in 2011 will become 9.5 achieved.
billion in 2050 ) requires effort that is consistent from
Indonesia to keep increasing production. Demand for palm Il. METHODS
oil increased driven by population growth and increase in
gross domestic product [14], and also the additional demand® Framework
for biodiesel [29]. The palm oil industry is an industry that is ~ Analtical Network Process provides a general framework
influenced by free market mechanisms [2] and the balance ofin treating decisions without making assumptions about the
supply and demand is the basis for the creation of price. independence of the elements at a higher level than the
The problem is due to the undeveloped downstream palmelements at a lower level and on the independence of the
oil industry, large CPO exports, low level of technology, elements in a level [23]. Network spread in all directions and
management, and quality of human resources [13]. Today,allows the influence of a cluster to another cluster and the
CPO export has been decreased to 50% with the use of CP®luster itself and form a reciprocal cycle [23].
for downstream industries to 50% [10].
The efforts to improve the productivity of palm oil estates B- Procedures
can be done by using superior cultivation techniques, the The study was conducted in palm estate companies and
actions of technical culture and environmental factors [21]. CPO agroindustry in North Sumatera Indonesia. Primary
The management of environment to grow, especially thedata were obtained through direct observation in the field
availability of water is relatively more difficult than and interviews with experts in accordance with the research
technical culture techniques such as the use of superior plantopic, the questionnaire tool. The collection of primary data
materials, plant spacing, fertilization, pest and diseasethrough guestionnaires or interviews were conducted using a
control and Treatment plant, so that environmental factorspurposive sampling technique, based on the the researcher
are a major limiting factor in the production of palm oil [21]. assessment of the resource persons who meet the
The potential for the development of palm oil in North requirements as seen from the knowledge background or
Sumatera is supported by the resources available, so the ide@xperience in order to achieve some results in line with the
to make North Sumatera as a barometer of national palm oiresearch objectives.
is not impossible to happen. One way to make it work is to  System  increased  productivity — plantations — and
implement the revitalization of palm oil estates. This agroindustry CPO needs primary data for factors conformity
revitalization includes the expansion and the rejuvenation ofland, quality of seeds, plant population per hectare and crop
the estate with the aim of optimizing the productivity of uniformity, fertilizing, treatment plants, method of work,
estates and the CPO agroindustry. The efforts to optimizeapplication of technology, skill labor for plants and
the productivity of palm oil estates in North Sumatera at this agroindustry CPO, supervision, quality of fresh fruit bunch
time can not only be directed at the expansion of the land,(FFB), and factor process technology.
but the productivity per hectare crop yield. This is due to  Field observations performed at several large estates,
limited potential land for palm oil. The problem is how the CPO agroindustry in North Sumatera, local and central
efforts can be done to improve the productivity of palm oil government which are involved in plantation revitalization
estates and CPO agroindustry from which it should be program. The collection of information from several experts
produced with the great potential owned by North Sumateragonducted structurally by using the tools of questionnaire
so that the production targets which are to support the needé@nd unstructurally by conducting interviews. Resource
of the downstream of CPO agroindustry and to strengthen itbersons came from the estate practitioners and the CPO
can be fulfilled in accordance with the greater market agroindustry practitioners, researchers of Indonesian Oil
demand in the future. Palm Research Institute (IOPRI), and special estate agencies
The problem occur from the effort of revitalizing North of Horticulture Plantation Revitalization Department. The
Sumatera as the first region of North Sumatera in Indonesiasecondary data were obtained from literature, Central Bureau
which produces palm oil so famous as the granary of theof Statistics, North Sumatera Plantation Office, Directorate
national palm oil. Currently, North Sumatera is targeted to General of Estates, Regional Development Planning Agency
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of North Sumatera, PTPN IIl dan IV which have CPO accordance with the target productivity levels equal to that
agroindustry and GAPKI. of the main estate and keep the quality of the estate in
The study examines the palm estate companies as accordance with the technical standards so that assured
partner in the plantation development, processing andcertainty and sustainability efforts are guaranteed (according
marketing of results and the CPO agroindustry by making to the instructions of technical standards determined by the
the decision model of multi-criteria decision making that Minister of Agriculture cq. Directorate General of Estates).
uses the criteria of productivity in the estate. It began with
identifying and assessing the variables involved in
improving the productivity of palm oil estates and the CPO
agroindustry. After all were identified, distributing
guestionnaires of pairwise comparisons were conducted o
expert judgments to determine their preferences. The scal

I1l. RESULT AND DISCUSSION

Plantation Revitalization is an effort to accelerate the
development of plantation through the expansion,
rPejuvenation and rehabilitation of plantations which is
esupported by the banking investment credit and interest
) esubsidy by the government involving palm estate company
(Equally preferred) to the_ absolute Importance (extremely in the business as a partner in improving the development of
preferred)._ Scale selectlon_ of 1 to 9 is pased npIantation, processing and product marketing [3]. This
psychological research that is based on the ability of theefinition covers several important aspects, including the
human brain in expressing his order of preference. Expecte spects of the development of smallholders, and aspects of

given assessment is hoped to be based on expert assessmeff, company as a plantation developing partner, processing
Productivity improvement process flow diagram is presented and marketing results

in Figure 1. Factors that increase estate productivity refer to the

environmental aspects, aspects of human resources and
aspects of plant materials [14]; environmental factors,
— The denifcaon of vraes factprs of plant material and a}grono_mic measures factor [22].
9RO sgrandusty ‘7/ expert EnV|ronmer_1taI factor; (land) is an important fa(;tqr pecause
I the palm oil plant will not grow economically if it is not
planted on suitable land, so these factors are described with

Variable of palm

estate productivity

Network structure

Design and
distribution the
questionnaire

Variable of CPO
agroindustry productivity

Design and distribution the
quesionnaire

land suitability. Human resource factors are also important
considerations based on plantation agriculture which is a
business unit with a large-scale organization of labor
intensive with detailed division of labor, modern technology,
specialization, and system administration. These factors are

described in the skill labor (specialization), supervision
(system administration) and technology (working methods
and the application of technology). Plant material factor is
important because the selection of inappropriate plant

material will bring a very big risk and will cause the
— company a loss of funds, time and effort if the seeds planted
Priority Factors and . .

Ciiteria were not in accordance with the expected results. These
factors are described in the quality of the seed. The technical
culture factors most affect the growth and productivity,
among others: seeding, fertilizing, plant population per acre
and crop uniformity, and Treatment plant.

Calculation of matrix

pairs

Alternative
determinants of palm
estate productivity

validation

Yes

Model of productivity Input Process Output
improvement

Factors and Network
criteria of Palm J structured
estate and CPO !

agroindustry |

productivity $ | f

Priority factor of

Fig. 1 Flow diagram of estate productivity improvement process productivity

This decision model uses network analysis process
required to reach the goals which have been set. Rationalg
estate and CPO agroindustry productivity is important to i
evaluate, because the company will be implementing the
revitalization of estate, with the rejuvenation and expansion
of palm oil estate. Thus started from nurseries / seed v
selection, planting, maintenance, harvesting up to marketing
of the products become the responsibility of the estate
company. When there is an obligation by the palm estate *
company to be a guarantee of investment credit disbursed byig. 2 Diagram of input-output models improvement palm estate and CPO
banks will lead a palm estate company to be fully bound to agroindustry productivity
make the palm oil estates managed to produce the results in

Calculation of the
relative weights of
each factor

Criteria affecting
productivity

Pairwise comparison
matrix of each factor
on productivity

Supermatrix
weights
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The productivity of the plant is the plant's ability to plants, fertilizing, working methods, land suitability and
process raw materials or inputs in the form of fresh fruit application of technology become the determining factors in
bunches (FFB) to get a result at least as compared with aimproving the productivity of palm oil estates. For more
input capacity of fresh fruit bunches. The ability of palm oil details, the results of the ANP for each criterion in the
mills seen from the production of CPO per hectare and thecluster and inter-cluster criteria that shows the
quality of palm oil produced. It is obtained by minimizing interrelationships and mutual influences can be seen in
loss (losses) palm oil. Diagram of input output model of Figure 5. Clusters and criteria described are the cluster and
productivity improvement is illustrated in Figure 2. the criteria that have limited weights on supermatrix shown

The network structure of estate productivity is based onin Table 1, so that only clusters and criteria with the weights
the theories of palm oil production and the efforts that can beabove zero are described to have connectedness and
done to increase the production of palm oil, with the reciprocal interplay in improving the productivity of palm oil
involvement of resource persons who have expertise toestates.
understand and indeed involved (practitioners) in plantation
and CPO agroindustry activities to get an accurate \
assessment and were able to describe the actual conditions of
the factors and criteria whose weight will be identified and

Improving Palm Estate Productivity ‘

A.Land Suitability
Al Rainfall

G.Technology aplication
G1.Tool flush

A2G2
A2G2G3

determined in the analysis @alytical Network Process. {2l ol — o 02l deircion.
Analysis using ANP estimates the reciprocal relationship or Msi | ey —————
dependence (feedback) from each level from top to bottom oo ot NI a6t
and vice versa in the structure of the network, so there is no | A | & .
a hierarchy in which the assessment is only done from the A8 B;‘E}%‘” — % > ()
top down and the bottom level does not affect the levels — Ree{  Bfeiiiing T —
upon it. Aol Seudin g Ol N of e i Connting

The estate productivity network structure is depicted in 14 eod sd ol T P Fregency TH“‘*"’*"‘S";“"

B6.Seedling selection

Figure 3, and CPO agroindustry in Figure 4. Dependency
relationships between clusters or factors and the relationship
between the criteria in the cluster are indicated by arrows.
Curved arrows above each cluster show the interplay within
the cluster or factor itself, while the arrows coming out of
the cluster show the relationship between affect or influence
each other inter different criteria cluster. Factors of land
suitability interplay with factors of technology applications,
fertilization and Treatment plant. As well as criteria harvest
technologies affecting the transport criteria in the quality of
fresh fruit bunches cluster. While the seed quality factors,
SPH and homogeneity (population per hectare and crop
uniformity) and working methods are influenced by factors
of land suitability. The relationship clusters quality fresh
fruit bunches affect process technology clusters, where the
level of ripeness affects the type of technology, the tools

E1F1
E2F2
F.Working methods
F1.Suitability of the tools and
'working materials
F2.Working procedure

ATF1F2
A4F1F2,

ME1E2E3

A1C1C2C4 I12E1E2E3

A2C1C2C4
A3C1C2
A4C1C2C3C4

C3A3 ( %1 c2

C4A1A2
C.Treatment plant

B3F1F2
BAF1F2
BSF1F2

Gec4 11H1H2H3H4
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1. Workforce skills

C1.Weed control

1C2 Pest control

C3.Shoots midrib

C4.Water and soil conservation

11.Experience
12.Workshop/training

c1D2
c2m2
C3D2

CIF1F2
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11B2B3B4B5B6
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Fig. 3 The network structure of palm estate productivity

Productivity CPO Processing Factory

J14
J2J4

JaJ2J4

J. Quality of fresh fruit
bunches

O 12

1. Skill Labor

conhdm?n cn;[erla and hlf)ro.cedlrj]res in the fprocr(]essl of 3. Haest colog o R—
technology clusters. While in the process of technology ﬁ.rg]ngmfm.ll’ " ol 12 Educaton sau training
clusters and clusters of skill labor is found there is a [|}!emunolaimt
R A . . . . J4. Transportion
relationship of mutual influence and reciprocal, criteria for KKK O
the tools cor_1dition affecting labor skills from experience and T
from education. Ktz
1 i imi i J2K1K2K3 K 1.The condition Tools K2112

The_fmal resul_ts (_)f the ANP is |ImI'Fed supermatrix K Koot Technoio Kanz

which is a multiplication of supermatriks with himself. This K3 K3 Procedure of Work 11K3

12K2K3

limited Supermatrix provides a constant weight value of
several iterations multiplication supermatriks happened.
Limited Supermatrix produces a constant weight value of
each criterion based on the analysis of the feedback from
each of the criteria to other criteria, either in the same In the cluster of plant population per hectare and
cluster or factor or not. uniformity of plants, plant health and seed insertion interplay
Reciprocal relationships (feedback) and mutual influence (no reciprocal links) to the cluster fertilizers, treatment plant,
among the criteria in one cluster or inter-cluster criteria to and technology applications. But the land suitability cluster
improve the productivity of palm oil estates by using ANP only gives effect to the insertion of seeds and plant health.
generate priority criteria. The priority criteria of increasing nteractions also occur among the criteria in the cluster
estate productivity is shown in Table 1 below. ANP results Population per acre and crop uniformity.
indicate that the population factor and uniformity of plants
per hectare (Stand Per hectares and homogeneity), treatment

Fig 4 The network structures of CPO agroindustry productivity
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TABLE | affecting than the weed control pest and disease control.
PRIORITY CRITERIA FOR INCREASED PALM ESTATE PRODUCTIVITY Principally, if the weed is Clean, then it will reduce pests. So

Criteria Weight the plants will get light intensity which is relatively the same
Al | Rainfall 0,00522 and this can improve plant health. Plant health includes the
ﬁg I}’F;ﬁ '?:t:r?!'t 0'08703 adequacy and balance of nutrients and plant resistance to
i S'I%p e 5 pests and diseases.
A5 | Altitude above sea 0 Superior quality seeds will be useless if it is not done in
B1 | Soil medium 0,01609 the insertion activity fields. Seedling pest control, fertilizing
B2 | Watering seedlings 0,0282 and watering seeds are activities that will directly affect the
B3 | Fertilizing seedlings 0,00247 insertion of the plant. This applies also to the health criteria
gg \F;\f:;dc‘;ggg' seedlings 8'88282 that determines the homogeneous plant crops in fields. Plant
B6 | Seed selection 0.01335 populations per hectare and homogeneity of these plants
C1 | Weed control 0,04167 become the main factors to consider if the efforts to increase
C2 | Pest control 0,03783 the productivities are done.
C3 | Shoots midrib 0
C4 | Water and soil conservation 0,02201 ; m
D1 Seed insertion 0,13056 Improving Palm Estate Productivity ‘
D2 | Plant health 0,18459
E1 | Amount and dose of fertilizer 0,1023 A Land Suitability | GTechlogy aplzation
E2 | Fertilizer type 0,11675 A1 Rainal e e {olTool sk
E3 | Fertilizer frequency 0,05709 A2Type of ol = gi'iﬁiﬂi?ﬁ?fﬁm|m
F1 | The suitability of the tool and the work material 0,07209 A2 g B
o BID1
F2 | Work procedure 0,04856 ool el £33
G1 | Tool flush 0,00306 e ) e
G2 Des_tr_u_ction of soil 0,01333 BED1D2 . SPH and homogeneiy
G3 | Fertilizing technology 0,03595 O PIEZES DI Seed inserti
ESE .Seed isertion
TABLE II B. Seed quality = D2.Plant health
PRIORITY CRITERIA FOR INCREASEDCPOAGROINDUSTRY PRODUCTIVITY BL.Soil medium -
B2 Seedling watering a0
P 0 [ B3.Seedling fertilizi €
Criteria Weight B4_V;Zed“s‘ee; g 8261 O E2D2
J1 Harvest TeknOIOQy 0 B5.hpt control seedling E. Fertlizing
J2 | The source of Fruit 0,03089 136 Seedling selection E1 Number and dose
J3 | The maturity of a fruit 0,13028 52 Type of fertilzer €
G2C4 . ype
J4 | Transportion 0,06806 e AIFIF2 ol £3 Frequency
K1 | The condition of instrument 0,01169 CaAt2 BEFIF2 1
K2 | Jenis teknologi 0,04346 C = e
K3 | Procedure of work 0,26971 C.Treatment plant T Working moliods
11 | Experience 0,1725 L Weed ontrol J F1.Suitabity ofthe tool and
12 | Education / Training 0,27342 262, Pestcontrl om theworking mateials
C4. Water and soil conservation a2 2 Working procedure
' cica gre
\ G

A. Thefactorsincreasing palmoil plantations productivity

1) Population factors per acre and crop uniformity (SPH
and homogeneity) is a major factor in improving the
productivity of palm oil estates. This factor consists of plant do
health and the insertion of seeds. This is supported by Purb
[19] which states that the limiting factor to achieve high
productivity of palm oil estates in North Sumatera is
heterogeneity, due to high insertion plants. Prihutami also
states the plant population per hectare becomes th
determinants of the increase in palm oil production while
rainfall will have no effect on the increase in palm oil
production due to the high diversity of the population
because of the high heterogeneity planting year [16].

The weights of plant health and the insertion are big,
becouse most activities conducted in palm oil plantations
will affect the insertion and the health of these plants. The
insertion of the plant is an activity that is being conducted at
the time of planting seedlings to estates with the aim of
getting a fixed amount of crops and the low variation from
different planting year. In terms of number, seed insertion is productivity [28].

(Iil/lone toh_lget_ th[e numbfer optlmlfza'ilor} of _ttre_es tper hectare. 3) Working method factor consists of criteria of tools and
eanwhile In terms ot years of planting, 1t Is 1o SuPpress_working materials suitability and the working procedure

Pefn'el'r ogt_ene|ty, fo(; easg/ SettuP ar:d ?'\fl?hf[he_ samt_e trgatment 'Briteria. Risza stated that efforts directed at the determination
ertiization, weed and pest control. 1his Insertion 1S more g application of the most suitable working methods have a

Fig. 5 Interplay productivity improvement of palm oil estate

2) Fertilizing Factor consists of fertilizer, the amount or
se of fertilizer and frequency. This factor has a high
eight and determines the increase in farm productivity,
which means fertilization is absolutely necessary if the
production of palm oil per hectare of crop needs to be
improved.
€ Fertilization is necessary to restore the land's ability to
provide nutrients for the growth and development of palm
oil estate, by improving soil fertility and increasing plant
resistance to disease and unfavorable climatic influences.
This is supported by Purwantoro which states that estate
productivity differences are due to maintenance of the
garden that is not the same, one of them is in terms of the
provision of agro inputs [20]. Purba states that the
constraints in increasing the productivity of palm oil estates
is imperfect fertilization [19]. Fertilizer type and amount of
fertilizer give significant effects to an increase in farm
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major impact on productivity [22]. Hence, working usually distinguished between peat or mineral soil, and the
procedure needs to be applied. For pest control activities, théehardpan or non hardpan soil. This is supported by Tarigan
work procedures are more influencing than the suitability of and Sipayung who stated the increase of plantatian
the tool and the work material. It is in contrast to the activity productivity can be done through biological and physical
or weed control criteria, because it affects the suitability of soil improvements [27]. Likewise, the rainfall can only be
the tool and the work material rather than working influenced or adjusted to the needs of soil and water
procedures. Working methods affect the quality of seeds,conservation. Generally altitude affects rainfall. According
fertilizers and Treatment plant, while all three of these to Siregar the rainfall is a climate suitability parameter to
factors greatly affect plant health and seed insertion whichimprove the productivity of palm oil estates [26] . But the
are the main criteria in increasing productivity of palm oil criteria of light intensity, slope and land elevation from sea
estates. level are not adjustable and can not be customized as
4) Plant treatment factor consists of soil and water needed. In general, Goenadi stated the productivity of plants
conservation, pest and disease control, weed control andn the field is determined by the variety in its interaction
midrib stemming. Weed control, pest control and the with climate and soil fertility and pest nuisance [5].
conservation of soil and water have a high weight and large 7) Technology application factor, described in the use of
enough impact to improve the productivity of estates. technology or tool flush of watering seedlings, soil
Control of weeds / pests and diseases is an attempt to protectestruction technology and fertilization technology.Yahya
/ care for plants. Weed control is an attempt to increase thesaid that cultivation technology is required at all stages in an
competitiveness of palm trees and undermine theeffort to improve crop productivity [28]. Tarigan and
competitiveness of weeds, to control plant life with the Sipayung suggested to increase palm estate productivity by
understanding concept of the life cycle of pests / diseaseaising technology and site-specific management plantation
[14]. Understanding knowledge about weakest part of the[27]. Increasing productivity by utilizing technology and
life cycle of the chain is very useful in controlling plant pests innovation to increase production of CPO per hectare of land
and diseases effectively. Purba stated that the limiting factorwill produce more from less land area [6].
of achieving crop productivities is the stemming delay and Each of the criteria for the application of the technology
weed control [19], and Tarmisor states that the amount offactor in increasing the productivity of estates has influences
pesticides used in pest and disease control is the factor thaand affects a large enough with weight fertilization
affects the productivity of estates [28]. technology around, soil destruction technology, and flush or
5) Seedling quality factor is dominated by criteria of technological tool watering seedlings. Fertilization affects
fertilizing seeds, the use of soil media, seed selection,seed fertilizer technology, the amount and dose of fertilizer,
watering seedlings, pest and disease control seedlings andnd the frequency of fertilization. Technology application of
weed control. Purwantoro states that the constraints toland destruction affects and is affected by soil type, soll
increase the productivity of palm oil estates are that themedia seeding, and soil and water conservation in improving
seeds used must be original [20]. Purba stated that the key ifarm productivity. Meanwhile, watering technology
improving productivity is superior plant materials and seed application affects the seedling watering.
types [19]. To get quality seeds and high productivity per 8) Supervision factor consists of criteria of planning,
hectare of land, the activities of selecting seeds and wateringorganizing, supervision and administration. Supervision is
the seedlings should be prioritized and done properly. closely related to workforce skills, not only in supervision,
Selection of seedlings describes the condition of seedlingsplanning, or organization but also in administration of labor
which are ready to plant (seeds that have been selectedkkills which is derived from training or experience in the
This seed selection is a the combination of how the work of training and employment.
watering, fertilizing, the control of weed and seedling pests, 9) Workforce skill factor consists of the criteria of
and how the use of soil media is done. This is a resultexperience and education or training. To improve the
reflecting of all activities in producing quality seedlings in productivity of estates, training for employment needs to be
the nursery. Watering the seeds is usually done in theencouraged and the implementation should be controlled.
lowlands, so water availability is not a problem. Seed This is because the estates are generally labor intensive,
selection activity is done continuously. Seedling pest where labor is generally down high school education, only a
control, fertilizing and watering seeds are activities that few educated scholars with expertise. Accommodative factor
directly affect the insertion of the plant. The quality factor of of palm oil estates in the workforce who have no formal
these seeds can be organized and managed as needed. skills (high school and under) is related to the technological
6) Land suitability factor is is dominated by the criteria characteristics of palm oil estates with labor intensive to
of soil type and rainfall. This factor weights relatively small solid expertise / skills [27]. The low level of education at
because land suitability criteria such as rainfall, slope andthese locations will result in the low adoption and
altitude from sea level can not be adjusted as neededmotivation of estate smallholders to manage the plantation
Agustira and Amelia stated that the land suitability which is [25]. Workforce skill factor and supervision have a weight
imposed leads to low productivity of palm oil estates [1]. In close to zero, so it does not give any influence to the efforts
line with Purba who stated the suitability of land affects to to increase the productivity of palm oil estates.
the increase of crop productivity [19]. Soil type has the 10) Skill labor factor influenced two criteria in improving
highest weight because it can be affected by soil the productivity of agro-industry, with first rank criteria of
conservation and types of fertilizers applied to crops. The education or training and the second is experience.
type of soil meant is the soil physical properties which are Education or training the workforce is crucial in determining
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the increase in productivity of the plant. Education or private plantation companies or the government.
training labor force includes the introduction of tools, Transporting slow work will require different handling
maintenance tools and machines, and operating equipmenprocedures. The condition of the road infrastructure as a
and machinery. So without the proper education and trainingmeans of transportation of oil production greatly influence
will cause stunted technical plant operations, which will lead the transportation of crops. The long distance between the
to low productivity of the plant. farm and factory pose a risk of delays in transporting the

11) Factor process technology influenced the threecrop, can reach one week to be transported. Delays in
criteria, namely the working procedures, technology type processing time will reduce the rendemen and quality of the
and condition of the tool. Working procedures as a rule in CPO because most of its oil to be turned into free fatty acids
the implementation of the processing in the plant has an(FFA).
enormous influence on the increase in plant productivity. , .

Technological technical efficiency is defined as the B- Palmoil estatesproductivity

effectiveness and productivity in the operation of the plant. The aim at improving the productivity of palm oil estates
A plant is less efficient when the amount of losses, quality will be successful if the criteria for plant health and seed
output and palm kernel oil extraction and production insertion are conducted continously and become a top
capacity are not in accordance with standard norms. It can beriority for a success in productivity increase. Plant health
seen from a capacity that is not in accordance with thecan only be generated from the treatment to produce quality
design capacity, high losses and poor quality [14]. Working seeds, fertilizers and proper Treatment plant. While the
procedure is the rule in the application of the technology factors of working methods, the suitability criteria of tool
used for the processing of palm oil. The condition of the tool and working materials, and working procedures become the
is meant is the state of the tool in the processing of palm oil,factors for supporting the implementation of fertilization,
whether new or old tool condition, and often broken or crop care and breeding activity (to get quality seeds). Factors
rarely. While this type of technology is the choice of of quality seeds, fertilizers, Treatment plant, and other
equipment or machine used in the processing of palm oil. ~ factors supporting the increase of productivity (work

12) Quality fresh fruit bunches factor influenced the three methods, application of technology, labor skills, and
criteria, namely the level of ripe fruit, transportation, and the supervision) become the factors that can be controlled or
source of the fruit. The quality factor of fresh fruit bunches regulated and can be adjusted to the needs.
is not a dominant factor, because the productivity of the
plant is the plant's ability to process raw materials or inputs
of fresh fruit bunches (FFB) to get a result at least as
compared with an input capacity of fresh fruit bunches. That
is the quality of fresh fruit bunches as input already has the
optimal oil percentage. So if the processing is done in the
factory will not produce a greater percentage of oil than
when the initial conditions of fresh fruit bunches into the
factory.

The maturity of a fruit relating to rendemen of CPO, at
the maturity of a fruit certain will produce rendemen and
quality of certain. If the level maturity of a fruit low so
procedure to fruit in the process different, contributed to
productivity plant also would be different. The effectiveness
and efficiency of oil palm processing influenced the level of t
maturity of fruit that can be known through a sort of fruit WORKING METHODS
before it is processed. Fulfilment of the requirements of
fruit maturity will give good quality results with low loss Fig. 6 Correlations among the factors in increasing the productivity of palm
levels. Fruit maturity level indicates the percentage of the ©il Plantatation
condition of the raw fruit, unripe or ripe harvested.

Differences with the maturity level of the harvest, which ‘
means the fruit is not harvested, to estimate how much fruit

PALM ESTATE PRODUCTIVITY
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fruit bunches in increasing the productivity of CPO | " 0w .

processing plants. Harvest technology is a tool or a way to |2 T souceoffrut oo 12 Edueation aau training
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up the process of harvesting so that high output and damage K

to fruit at harvest was reduced (affecting the quality of the K Process of Technology

fru It) . KIKEKS K1.The condition of E;:}:g
Criteria source of fruit or origin fruit, are the condition of kg [

the fruit was in common differentiated in of sorting of fresh K3 Procedure of Work 12K2K3

fruit bunch palm oil derived from the smallholder plantation

usually having the quality of being lower than FFB of the Fig. 7 Interplay Productivity Improvement of CPO Agroindustry
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C. CPO agroindustry productivity the research, experts then are given questionnaires to assess

The aim of increasing the productivity of palm oil mill the model.
will be successful if the process technology and education or
training to the workforce a priority to be implemented. IV. CONCLUSIONS
Criteria working procedures becomes the criterion that was The Priority criteria have greatest impact to increase palm
instrumental in the technological processing of Palm oil, estate productivity is crop health, insertion of seeds, the type
followed by fruit maturity level in providing quality higher  of fertilizer, the amount and dose of fertilizer , the suitability
fresh fruit bunches as input palm oil mills. Process of the tool and the working materials, the type of soil, the
technology will be effective if supported by appropriate frequency of fertilizer, work procedures, weed control, pest
labor skills, which will lead to increased productivity in the control, fertilization technology, and the fertilization of
palm oil mills. Or work procedures would be maximized if seeds. While for productivity of CPO agroindustry is
the education and experience of factory work force in education or training, the working procedure, experience,
accordance with the specification should have been requiredruit maturity level, and a source of fruit.
in the processing of Palm oil. The productivity of the plantis  The priority factors to increasing the productivity of palm
the process technology capabilities including workforce oil estates is a population of plants per hectare and
skills to maximize the processing and harvesting of input uniformity of plants, fertilizing, work methods, Treatment
capacity quality fresh fruit bunches (FFB). The result of plant, seed quality, land suitability and application of
ANP show the criteria and the factors increasing technology. While for CPO agroindustry is labor skills,
productivity a factory that produces palm oil based on the technological processes and quality of fresh fruit bunches.
mutual relations and dependence is illustrated in Fig 8. Plant populations per hectare & homogeneity of plants
(31.5%) and skill for factory labor (44.59% ) are the major
factors to be observed and followed to increase the
productivity of palm oil plantation.

PRODUKTIVITY PLANT
(ton CPO/Ha)
»  Capability plant
o Effort loss losses

Labor Skill

*Education/training
*Experience

ty
The source of fruit
*Transportasi
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