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Abstract
The food carrying capacity of smallholder oil palm plantations as an indicator of the performance of
ecosystem services can be seen from the carrying capacity of actual and potential food. The carrying
capacity of potential food is calculated based on indirect food potential while the carrying capacity of
actual food is calculated based on the availability of food produced from the production of Fresh Fruit
Bunches (FFB) of oil palm which is converted into a staple food. This study aims to calculate the food
carrying capacity of smallholder oil palm plantations in Riau Province. The research methods employed
were spatial analysis and farm analysis. The results indicate that smallholder oil palm plantations are able
to produce food of 199,979 kg/ha/year originating from the potential food carrying capacity of 198,865
kg/ha/year and the actual 1,114 kg/ha/year. The food requirement of 73,916 kg/ha/year comes from the
potential food need of 73,298 kg/ha/year and the actual food need of 618 kg/ha/year. To conclude, oil
palm plantations have a surplus food carrying capacity of 126,063 kg/ha/yr originating from potential
food of 125,567 kg/ha/yr and actual food of 496 kg/ha/yr.
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Introduction
Global population growth is still very difficult to control for even though every country has made
preventive efforts, it has not yet obtained optimal results (Bah et al., 2014). Therefore, it will have
an impact on social, economic, and legal conditions (Bailey, 2004; Fang, 2013). The limited
availability of space and natural resources will slowly experience pressure and decrease in the loss
of biodiversity, soil degradation, and air, water, and soil pollution (Braat & De Groot, 2012). This
pressure will result in an ecological deficit because the availability of resources is decreasing, while
the need is increasing (Bull, Suttle, Gordon, Singh, & Milner-Gulland, 2013).
Riau Province is one of the areas experiencing ecological pressures in the form of extensive land
cover changes due to the frequent forest and land fires and land conversion to oil palm
plantations over the last few decades (Bull, Suttle, Gordon, et al., 2013). The conversion of land oil
palm plantations is the most dominant, the high demand for land for oil palm plantations has
changed the function of forest ecosystems into plantation ecosystems (Bull, Suttle, Singh, & MilnerGulland, 2013). To restrain the rate of transfer of functions, it is necessary to control through a
moratorium to maintain the balance of ecosystem services (Chaudhary, McGregor, Houston, &
Chettri, 2018) to meet food availability (Cumming et al., 2014).
Oil palm plantations have been a moratorium on through the Indicative Map for Moratorium of
New Permit (Peta Indikatif Pendundaan Izin Baru abbreviated as PIPPIB) through the Decree No.
666/MENLHK-PKTL/IPSDH/PLA.1/2/2021 dated February 15, 2021. The purpose of the PIPPIB issuance
is to postpone and improve plantation governance sustainability. On the other hand, oil palm
plantations provide great benefits for the welfare of the community (Curtsdotter et al., 2019)
especially during the Covid-19 pandemic which has lasted for two years (Dislich et al., 2017).
However, ecologically, oil palm plantations are considered to be the cause of the decline in the
carrying capacity and capacity of the environment based on ecosystem services (Chaudhary et
al., 2018).
Existing conditions of oil palm plantation ecosystem services are dominated by moderate, low,
and very low conditions (Diaz-Chavez, Mutimba, Watson, Rodriguez-Sanchez, & Nguer, 2010),
especially in water supply services, climate regulation, and floodwater flow management. Under
these conditions, it is necessary to calculate the carrying capacity of food as an indicator of the
sustainability of smallholder oil palm plantations in Riau Province (Zhao, Zhu, Wu, & Lu, 2022). Food
sustainability is the basic ability of the environment/earth to support living things (Faizal & Ateeb,
2018a) as the basis for making economic and environmental decisions (Hamdan, Burnham, &
Ruhana, 2000).
Law Number 41 of 2009 concerning the protection of sustainable food agricultural land mandates
that food security contains four essences that serve as barometers of food security, namely food
availability, food stability, food accessibility, and food quality. One of the world’s food producers
comes from oil palm plantations which produce various derivative products for human needs and
increase economic growth (Hammam & Mohamed, 2020). Palm oil is also an energy source that
provides added economic value and prevents excessive use of resources, especially in the
exploitation of mining products (Hapsoh, Dini, & Rahman, 2020).
This study aims to analyze the sustainability of smallholder oil palm plantations in Riau Province
using the analysis of food carrying capacity as an indicator (Lotze‐Campen et al., 2008). Food
carrying capacity analysis was used as an important component in decision-making (Hermon,
Iskarni, Oktorie, & Wilis, 2017) to prepare scenarios for food needs in sustainable development
(Homer et al., 2015). The carrying capacity of food was obtained from the calculation of the
carrying capacity of ecosystem services and the carrying capacity of food comes from oil palm
farming activities (Huddleston & Tonts, 2007), converted into food (Izakovičová, Mederly, &
Petrovič, 2017).

Literature review
Plantation plants are seasonal plants or annual plants whose types and management objectives
are determined for plantation businesses, while plantation businesses are businesses that produce
plantation goods and/or services. Planters are people who carry out plantation farming within the
limits that have been set, namely a maximum of 25 ha per person which is managed
independently where the income comes from the agricultural sector (Adib & Daliman, 2021)
(Kano & Rahmat, 2019).
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The main concept of carrying capacity is the comparison between availability and demand, the
availability of which is increasingly limited while the need for it is increasing (Xuecao Li, Gong, &
Liang, 2015). Environmental carrying capacity can be interpreted as the ability of an
environment/earth to support living things that feel on it both in terms of economy, environment,
culture, and demography, int his case the carrying capacity has a maximum limit in supporting
the needs of living things (Yosephine, Gunawan, & Kurniawan, 2021). The carrying capacity of
food in an area is to describe the ability of the region to produce food to meet the food needs of
the population to achieve food self-sufficiency (Faizal & Ateeb, 2018a).
Food needs are calculated based on basic needs which require approximately 2100
calories/day/capita converted into kg/ha/year (Marwanto, Sabiham, Sudadi, & Agus, 2013) and
the food needs of living things (Mea, 2005). Potential food supply is calculated based on the
availability of land cover and vegetation index (Faizal & Ateeb, 2018a) from natural sources.
Meanwhile, actual food supplies are calculated from Fresh Fruit Bunches (FFB) which are
converted into food ingredients (Lotze‐Campen et al., 2008) and derivative products (Adib &
Daliman, 2021) as energy sources (Moniaga, 2011) to support food security.
Spatial information provides an overview of the earth's surface quickly, broadly, accurately, and
easily represents conditions above the earth's surface naturally and by the human intervention
(Mulyani & Agus, 2017). Land cover is built geomorphology that affects human life and the
environment (Mustofa & Bakce, 2019) for human welfare and environmental sustainability,
especially on land that has been built (Mustofa & Dewi, 2016).

Method
This study is quantitative research in nature using primary data and secondary data on a ratio
data scale. Primary data were obtained through surveys and measurements, interviews, and
observations. Secondary data were obtained from a second or third party outside the researchers
(Mustofa, 2021). Existing condition data analysis was carried out by spatial analysis (Mustofa &
Suwondo) and farm analysis (Xuefen Li, 2021). Spatial analysis was carried out to determine the
existing condition of the ecosystem service status in the form of food carrying capacity as an
ecosystem function directly and indirectly for human welfare (Pacheco, Gnych, Dermawan,
Komarudin, & Okarda, 2017) which was built based on ecoregion maps, and land cover and
natural vegetation (Danylo et al., 2021).
The advantages of spatial analysis as a tool for making spatial decisions include location positions,
conditions, trends, patterns, and modeling (Kasim, Stöhr, & Herzig, 2021) in integrating location
descriptions with characteristics and phenomena, predicting patterns, and modeling (Pires,
Martins, Alvim-Ferraz, & Simões, 2011). The tool used in the spatial analysis was ArcMap GIS
software 10.5 version from Environmental Systems Research Institute (ESRI) in the calculation of
ecosystem services. The higher the availability of food in the plantation as an indicator that the
better the ecosystem services for the sustainability of the existence of the plantation.
The next analysis was farm analysis used to calculate the income of smallholder oil palm farmers
in Riau Province. Farming income was calculated for a certain period from the sale of FFB, in this
study the period used was a year (Katsura et al., 2008). Farming income was obtained from the
difference between the sales of FFB during a certain period minus the fixed and variable costs.
Fixed costs components include plantation development costs from land preparation to the
maintenance of unproductive crops for 3 years and equipment usage costs. Meanwhile, the
variable costs include the cost of maintenance, fertilization, and the cost of harvesting the results
to the sale of FFB. The higher land productivity and income indicate that the better the
management of the garden and the level of farmers' welfare (Husodo, Wulandari, Abdoellah,
Cahyandito, & Shanida, 2021). Farm analysis was denoted by the simple equation Π = TR-TC and
TR = P. Q

Findings and Discussion
Spatial Analysis
As the area that has the largest oil palm plantation in Indonesia, Riau Province has a total area of
107,932.71 Km2, consisting of 8,915,016 hectares of land (80.11%) and 1,878,155 Ha of seas/waters
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(19.89%). Its existence stretches from the slope of Bukit Barisan to the Malacca Strait, located
between 010 05’ 00” South Latitude 020 25’ 00” North Latitude and between 1000 00” 00 East
Longitude to 1050 05’ 00” East Longitude. Riau's climate has dynamic conditions and changes
easily over a certain period which is 10 years or more (Pittock, Cork, & Maynard, 2012). Climate
change shows that rainfall with low intensity from June to August, low to the moderate-intensity
from January to May, moderate to the high intensity from September to December (Syahza &
Hosobuchi, 2021) which can be seen from various aspects as follows:
a. Ecoregion Distribution
one form of land geomorphology in Riau Province consists of three main parts, namely 0-10 meters
above sea level, undulating plains, and hilly plains formed by the Bukit Barisan cluster (Gatto,
Ogata, & Lytle, 2021). The widest distribution of the ecoregion is peat plains, followed by alluvial
plains and folded structural hills that dominate the land area.
Table 1
Distribution of Landscapes in Riau Province

Width
Ha
Alluvial Plains
2,055,516
Fluvio-marine Plains
99,549
Peatlands
3,644,648
Urban Plain
6,859
Coastal Plains with Muddy Beach
322,679
Coastline
765
Valley between Hills Structural Folds (synclines)
583,222
Valley between Hills Structural Fault (anticlines)
17,064
Folded Structural Mountains
165
Structural Fault Mountains
127
Waters
54,722
Folded Structural Hills
1,578,947
Structural Fault Hills
635,601
Coral Island
32
Total
8,999,895
Source: Result of Overlay Map of Riau Province Ecoregion and Administrative Region
Ecoregion

Table 2
Land Cover Conditions in Riau Province
Land Cover

Ha
104,047
725
48,115
532,502
162,359
261,435
4,099
161,163
47,154
902,823
919,722
157,759
3,947,370
38,890
152,757
1.126,146
27,137
141,623
2,378
257,733
3,956
8.999,895

Water body
Airport/Port
Scrub
Swamp Scrub
Primary Dryland Forest
Secondary Dryland Forest
Primary Mangrove Forest
Secondary Mangrove Forest
Primary Swamp Forest
Secondary Swamp Forest
Plantation Forest
Settlement
Plantation
Mining
Dryland Farming
Mixed Dryland Farming
Swamp
Rice field
Fishpond
Open Ground
Transmigration
Total
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Width

%
22.84
1.11
40.50
0.08
3.59
0.01
6.48
0.19
0.00
0.00
0.61
17.54
7.06
0.00
100.00

%
1.16
0.01
0.53
5.92
1.80
2.90
0.05
1.79
0.52
10.03
10.22
1.75
43.86
0.43
1.70
12.51
0.30
1.57
0.03
2.86
0.04
100.00
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The table above shows that in general, every mainland ecoregion can grow oil palm, but not all
oil palm farming is carried out, both smallholder plantations and large private and national
plantations. The geological structure of Riau Province consists of folds along the Bukit Barisan,
which are active faults with the potential for geological natural disasters. Riau Province has a flat
topography which is very good for farming activities, especially oil palm (Idayu & Supriyanto, 2014;
Salzman, Bennett, Carroll, Goldstein, & Jenkins, 2018).
b. Land Cover
The existing condition of land cover in Riau Province is based on the 2020 land cover map with a
scale of 1:250,000 consisting of 21 land cover criteria. The highest land cover is dominated by
plantations, agriculture, and forestry. These three criteria indicate that land-based spatial use
activities are dominated by plantation, agriculture, and forestry activities followed by other
activities (Sembiring, 2017).
Plantation land cover is a plantation farming activity carried out by the community as smallholder
plantations that produce oil palm Fresh Fruit Bunches (FFB) and large private and national oil palm
plantation farming activities that produce FFB and its derivative industries (Sharma, Baral,
Pacheco, & Laumonier, 2017). Plantation activities in the upstream to downstream sectors provide
benefits through employment opportunities and a multiplier effect for the surrounding community
because they have an impact on the business field (Dislich et al., 2017). High plantation land cover
is always considered to reduce the land cover quality index (Simshauser, 2020) and reduce the
performance of ecosystem services, on the other hand, oil palm plantation land cover is able to
reduce CO2 (Solecka, Sylla, & Świąder, 2017).
Cover Land cover conditions are also used as an indicator of climate change and to understand
the relationship between human activities in contributing to global change (Sumarga & Hein,
2014). Changes in land cover occur when the high demand for land exceeds the availability of
land, thus, the balance of land cover exceeds the land capability limit (Gomes et al., 2021). The
balance of land cover and use is an indicator of environmental conditions. Environmental
conditions can be seen from the capacity of ecosystem services (Xuecao Li et al., 2015) through
the carrying capacity of food and water carrying capacity as a tool to evaluate maintaining
ecosystem balance (Lotze‐Campen et al., 2008). There are two criteria for the actual land cover
of smallholder oil palm plantations, namely those who have applied Good Agriculture Practice
(GAP) and those who have not implemented GAP. Differences occur in the capacity of
biodiversity and land productivity.
c. Food Carrying Capacity
The carrying capacity of food includes the provision of food and other than food. The provision of
food consists of direct and indirect food (Suwondo, Darmadi, & Yunus, 2017). Direct food is the
provision of food that can be consumed directly, while indirect food is food that is consumed
through processing Food supply is influenced by many types of land cover and biodiversity index
(Lotze‐Campen et al., 2008). The higher the biodiversity index, the higher the land's ability to
provide food carrying capacity. The detailed food carrying capacity is presented in Table 3 and
Figure 1.
Table 3
Condition of Food Carrying Capacity of Oil Palm Plantations in Riau Province
Food Carrying Capacity (kg/ha/yr)
Ecoregion
Supply
Demand
Difference
Alluvial Plains
60,520,634
22,415,050
38,105,584
Peatlands
53,796,119
31,381,070
22,415,050
Valley between Hills
96,384,714
23,535,802
72,848,911
Fold Mountains
1,120,752
672,450
1,120,752
Fold Hills
2,241,505
1,117,302
2,241,505
Total
214,063,724
79,121,673
136,731,803
The food carrying capacity of oil palm plantations in each ecoregion in Riau Province is entirely in
a condition that has not been exceeded or is in surplus. The surplus condition occurs because the
availability of food is higher than the need. The agricultural sector of the oil palm plantation sub-
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sector has a role as a supplier of food, industrial raw materials, and a source of income for the
community, and a contributor to Gross Domestic Product in each regency (Diaz-Chavez et al.,
2010). The added value of food products derived from oil palm plantations is proportional to the
social and environmental costs (Świąder et al., 2018). Although often considered to reduce the
carrying capacity of food, oil palm plantations still have a high level of food production that still
exceeds demand.
The capacity to provide food carrying capacity and food needs is highest in the inter-hill valley
ecoregion, the process of plant weathering increases land fertility (Syahza & Irianti, 2021).
Meanwhile, the lowest food supply and demand is in the fold mountain ecoregion. Conversion of
land from forest to gardens does not reduce the ability to provide food but increases the ability
to carry food (Syahza & Asmit, 2019) through the extraction of indirect foodstuffs into food.
Increasing food availability and production capacity is done through increasing productivity and
expanding the area (Hamdan et al., 2000).

Food Carrying Capacity
150,000
100,000
50,000
Dataran Aluvial Lahan Gambut Lembah antar
perbukitan
Sedia

Butuh

Pegunungan
Lipatan

Perbukitan
Lipatan

Selisih

Figure 1: Condition of Food Carrying Capacity of Oil Palm Plantations in Riau Province

Farm Analysis
The existing condition of oil palm plantations spread across Riau Province is 4,170,358 ha and
3,374,996 ha or 81% are smallholder oil palm plantations. Oil palm plantations are conversion of
forest land or other crops (Simshauser, 2020) due to limited land availability. The limitations of
optimal land availability (Syahza, Bakce, Irianti, Asmit, & Nasrul, 2021; Syahza, Irianti, & Nasrul,
2020).
Farmers do farming on three land typologies, namely mineral land of 60.77% peat land 36.54%
and transition land of 60.77%, peatland 36.54%, and transition land of 2.69% (Syahza, 2016) the
initial land condition is shrubs and land that has failed to be cultivated occurs natural succession
to become forest where various types of plants and animals breed (Syahza & Hosobuchi, 2021).
Sources of seeds used by farmers are certified superior seeds of 7% and the rest are not superior
(Syahza, Suwondo, Nasrul, & Mustofa, 2020). Therefore, the return on capital is slow. The pattern of
oil palm cultivation by smallholders has implemented GAP and most have not. Thus, the
production of fresh fruit bunches (FFB) (Syahza, 2019) has not yet achieved optimal results. Farmers
who have not implemented GAP crop conditions are very vulnerable to pests, diseases, and
climate influences that affect productivity.
Land productivity is determined by three factors, namely land, capital, and technology (Dadi,
2021). The lowest productivity of smallholder oil palm plantations in the study area is 499
kg/ha/month above the lowest productivity in Indonesia of 417 kg/ha/month or equivalent to 5
tons/ha/year. Large plantations in fertilizing apply the 6T rules (right type, right dose, right time,
right method, right place, and right tool). The application of the 6T rule is needed to achieve the
effectiveness and efficiency of fertilization. The realization of the type of fertilizer and the timing of
fertilization as well as the placement of fertilizer have been following the PPKS recommendations
(Vaissière, Quétier, Calvet, Levrel, & Wunder, 2020). The high production of oil palm is influenced
by fertilization and innovation and technology (Wijaya & Susilo, 2013). Smallholder oil palm farmers
in fertilizing are not based on recommendations but the availability of resources and are carried
out sporadically (Hamdan et al., 2000).
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The results of farm analysis show that the income of oil palm farmers is better than before
becoming oil palm farmers, although the lowest income of smallholder oil palm farmers in the
study area is IDR 154,894/ha/month with FFB production of 499 kg/ha/month. The highest income
of smallholder oil palm plantation farmers in the study area is IDR 1,742,953/ha/month with FFB
production of 2,014 kg/ha/month. This high productivity is still lower than the productivity of large
plantations, which is 2,133 kg/ha/month (BC, 2019; Syahza, 2016) as presented in Table 4.
Table 4
Farm Analysis
Income
FFB Production (kg)
Price (IDR/kg)
FFB Sales
Cost Component (IDR)
Harvest Cost
Freight Cost
Herbicide Cleaning Cost
Maintenance Fee with Slash
Dish Maintenance Fee
Leaf Disposal Fee
Plant Depreciation Cost
Garden Maintenance Fee
Fertilization Cost
Total Cost (HPP)
HPP FFB (IDR.)
Net Income (IDR/month)
Source: Analysis Results, 2021

Minimal
499
983
490,438

Maximum
2,014
2,235
4,502,129

Average
1,355
1,573
2,131,036

165,000
10
18,750
143,450
8,333
335,543
673
154,894

535,333
503,500
553,333
166,667
270,833
168,750
165,760
50,000
345,000
2,759,177
1,370
1,742,953

313,984
102,549
45,136
56,806
8,477
64,613
205,746
32,019
180,953
1,010,284
746
1,120,752

Average income is calculated from the sum of all farmers’ income in the study area divided by
the number of farmers or respondents. The average income is IDR 1,120,752/ha/month with an
average production of 1,355 kg/ha/month. In general, the average income of smallholder oil
palm plantation farmers in the study area is still far below the productivity of the Nucleus-Plasma
scheme and large plantations but is still the highest in Indonesia at 417 kg/ha/month or equivalent
to 5 tons/ha/year (BC, 2019).

Conclusion
The results of the spatial analysis show that the carrying capacity of food and water carrying
capacity of smallholder oil palm plantations in Riau Province is in a condition that has not been
exceeded or is in surplus (good). Meanwhile, the results of farm analysis indicate that land
productivity and income are the highest in Indonesia. therefore, smallholder oil palm plantations
in Riau Province are the best in Indonesia and have fulfilled the carrying capacity of the
environment based on ecosystem services as one of the indicators of sustainability.

References
Adib, N. M., & Daliman, S. (2021). Conceptual framework of smart fertilization management for oil palm
tree based on IOT and deep learning. Paper presented at the IOP Conference Series: Earth and
Environmental Science. doi:https://doi.org/10.1088/1755-1315/842/1/012072
Bah, A., Husni, M., Teh, C., Rafii, M., Syed Omar, S., & Ahmed, O. (2014). Reducing runoff loss of applied
nutrients in oil palm cultivation using controlled-release fertilizers. Advances in Agriculture, 2014.
doi:https://doi.org/10.1155/2014/285387
Bailey, R. G. (2004). Identifying ecoregion boundaries. Environmental management, 34(1), S14-S26.
doi:https://doi.org/10.1007/s00267-003-0163-6

117

© RIGEO ● Review of International Geographical Education

11(8), Spring 2021

BC, A. Y. (2019). The effect of rainfall interception loss by Palm-Oil tree towards flood discharge in
Seunagan watershed of Nagan Raya district of Aceh Province. Paper presented at the IOP
Conference Series: Materials Science and Engineering. doi:https://doi.org/10.1088/1757899X/523/1/012041
Braat, L. C., & De Groot, R. (2012). The ecosystem services agenda: bridging the worlds of natural science
and economics, conservation and development, and public and private policy. Ecosystem services,
1(1), 4-15. doi:https://doi.org/10.1016/j.ecoser.2012.07.011
Bull, J. W., Suttle, K. B., Gordon, A., Singh, N. J., & Milner-Gulland, E. (2013). Biodiversity offsets in theory
and practice. Oryx, 47(3), 369-380. doi:https://doi.org/10.1017/S003060531200172X
Bull, J. W., Suttle, K. B., Singh, N. J., & Milner-Gulland, E. (2013). Conservation when nothing stands still:
moving targets and biodiversity offsets. Frontiers in Ecology and the Environment, 11(4), 203-210.
doi:https://doi.org/10.1890/120020
Chaudhary, S., McGregor, A., Houston, D., & Chettri, N. (2018). Environmental justice and ecosystem
services: A disaggregated analysis of community access to forest benefits in Nepal. Ecosystem
services, 29, 99-115. doi:https://doi.org/10.1016/j.ecoser.2017.10.020
Cumming, G. S., Buerkert, A., Hoffmann, E. M., Schlecht, E., von Cramon-Taubadel, S., & Tscharntke, T.
(2014). Implications of agricultural transitions and urbanization for ecosystem services. Nature,
515(7525), 50-57. doi:https://doi.org/10.1038/nature13945
Curtsdotter, A., Banks, H. T., Banks, J. E., Jonsson, M., Jonsson, T., Laubmeier, A. N., . . . Bommarco, R.
(2019). Ecosystem function in predator–prey food webs—confronting dynamic models with
empirical data. Journal of Animal Ecology, 88(2), 196-210. doi:https://doi.org/10.1111/13652656.12892
Dadi, D. (2021). Oil Palm Plantation Expansion: An Overview of Social and Ecological Impacts in Indonesia.
Budapest International Research and Critics Institute (BIRCI-Journal): Humanities and Social
Sciences,
4(3),
6550-6562.
Retrieved
from
www.bircujournal.com/index.php/birci/article/view/2469
Danylo, O., Pirker, J., Lemoine, G., Ceccherini, G., See, L., McCallum, I., . . . Fritz, S. (2021). A map of the
extent and year of detection of oil palm plantations in Indonesia, Malaysia and Thailand. Scientific
data, 8(1), 1-8. doi:https://doi.org/10.1038/s41597-021-00867-1
Diaz-Chavez, R., Mutimba, S., Watson, H., Rodriguez-Sanchez, S., & Nguer, M. (2010). Mapping Food and
Bioenergy in Africa. A report prepared on behalf of FARA. Forum for Agricultural Research in
Africa.
Ghana.
ERA-ARD,
SROs,
FARA,
3.
Retrieved
from
www.globalbioenergy.org/uploads/media/1005_Imperial_College__Mapping_food_and_bioenergy_in_Africa.pdf
Dislich, C., Keyel, A. C., Salecker, J., Kisel, Y., Meyer, K. M., Auliya, M., . . . Faust, H. (2017). A review of the
ecosystem functions in oil palm plantations, using forests as a reference system. Biological
Reviews, 92(3), 1539-1569. doi:https://doi.org/10.1111/brv.12295
Faizal, M., & Ateeb, S. (2018a). Energy, Economic and Environmental Impact of Palm Oil Biodiesel in
Malaysia. Journal of Mechanical Engineering Research and Developments, 41(3), 93-95.
doi:http://doi.org/10.26480/jmerd.03.2018.93.95
Fang, Z. (2013). Biofuels: Economy, Environment and Sustainability: IntechOpen. Retrieved from
https://books.google.com.pk/books?id=y_ugDwAAQBAJ
Gatto, N. M., Ogata, P., & Lytle, B. (2021). Farming, Pesticides, and Brain Cancer: A 20-Year Updated
Systematic
Literature
Review
and
Meta-Analysis.
Cancers,
13(17),
4477.
doi:https://doi.org/10.3390/cancers13174477
Gomes, M. F., Vasconcelos, S. S., Viana‐Junior, A. B., Costa, A. N. M., Barros, P. C., Ryohei Kato, O., &
Castellani, D. C. (2021). Oil palm agroforestry shows higher soil permanganate oxidizable carbon
than monoculture plantations in Eastern Amazonia. Land Degradation & Development, 43134326. doi:https://doi.org/10.1002/ldr.4038
Hamdan, J., Burnham, C., & Ruhana, B. (2000). Degradation effect of slope terracing on soil quality for
Elaeis guineensis Jacq.(oil palm) cultivation. Land Degradation & Development, 11(2), 181-193.
doi:https://doi.org/10.1002/(SICI)1099-145X(200003/04)11:2%3C181::AID-LDR377%3E3.0.CO;2U
118

Riyadi Mustofa, Hapsoh, Almasdi Syahza*, and Suwondo. (2021) Food Carrying Capacity as an Indicator of
Sustainability of Smallholder Oil Palm Plantations in Riau Province

Hammam, A., & Mohamed, E. (2020). Mapping soil salinity in the East Nile Delta using several
methodological approaches of salinity assessment. The Egyptian Journal of Remote Sensing and
Space Science, 23(2), 125-131. doi:https://doi.org/10.1016/j.ejrs.2018.11.002
Hapsoh, H., Dini, I. R., & Rahman, A. (2020). Uji Formulasi Pupuk Hayati Cair dengan Penambahan Bacillus
Cereus terhadap Pertumbuhan dan Hasil Tanaman Jagung Manis (Zea Mays Saccharata Sturt).
Agrotekma: Jurnal Agroteknologi dan Ilmu Pertanian, 5(1), 31-41. Retrieved from
http://www.ojs.uma.ac.id/index.php/agrotekma/article/view/4181
Hermon, D., Iskarni, P., Oktorie, O., & Wilis, R. (2017). The Model of Land Cover Change into Settlement
Area and Tin Mining and its Affecting Factors in Belitung Island, Indonesia. Journal of Environment
and Earth Sciende, 7(6), 32-39. Retrieved from http://repository.unp.ac.id/id/eprint/7761
Homer, C., Dewitz, J., Yang, L., Jin, S., Danielson, P., Xian, G., . . . Megown, K. (2015). Completion of the
2011 National Land Cover Database for the conterminous United States–representing a decade
of land cover change information. Photogrammetric Engineering & Remote Sensing, 81(5), 345354. Retrieved from https://www.researchgate.net/publication/282254893
Huddleston, P., & Tonts, M. (2007). Agricultural development, contract farming and Ghana's oil palm
industry. Geography, 92(3), 266-278. doi:https://doi.org/10.1080/00167487.2007.12094205
Husodo, T., Wulandari, I., Abdoellah, O. S., Cahyandito, M. F., & Shanida, S. S. (2021). Impact of Agricultural
Land Changes on Farmers’ Income in Cirasea Watershed, Bandung Regency, West Java.
Indonesian Journal of Environmental Management and Sustainability, 5(3), 95-104.
doi:https://doi.org/10.26554/ijems.2021.5.3.95-104
Idayu, I., & Supriyanto, E. (2014). Oil palm plantations management effects on productivity Fresh Fruit
Bunch (FFB). APCBEE procedia, 8, 282-286. doi:https://doi.org/10.1016/j.apcbee.2014.03.041
Izakovičová, Z., Mederly, P., & Petrovič, F. (2017). Long-term land use changes driven by urbanisation and
their environmental effects (example of Trnava City, Slovakia). Sustainability, 9(9), 1553.
doi:https://doi.org/10.3390/su9091553
Kano, H., & Rahmat, S. (2019). Nationalism, Globalization and Transnational Movement: A Case of Oil Palm
Plantation Business in Indonesia. MASYARAKAT: Jurnal Sosiologi, 211-237. Retrieved from
http://www.jke.feb.ui.ac.id/index.php/mjs/article/viewArticle/11203
Kasim, E., Stöhr, J., & Herzig, C. (2021). Promoting sustainable palm oil in supply chain strategy: a food
business case study. Qualitative Research in Organizations and Management: An International
Journal. doi:https://doi.org/10.1108/QROM-03-2020-1907
Katsura, K., Maeda, S., Lubis, I., Horie, T., Cao, W., & Shiraiwa, T. (2008). The high yield of irrigated rice in
Yunnan, China:‘A cross-location analysis’. Field crops research, 107(1), 1-11.
doi:https://doi.org/10.1016/j.fcr.2007.12.007
Li, X. (2021). TOPSIS model with entropy weight for eco geological environmental carrying capacity
assessment.
Microprocessors
and
Microsystems,
82,
103805.
doi:https://doi.org/10.1016/j.micpro.2020.103805
Li, X., Gong, P., & Liang, L. (2015). A 30-year (1984–2013) record of annual urban dynamics of Beijing City
derived from Landsat data. Remote Sensing of Environment, 166, 78-90.
doi:https://doi.org/10.1016/j.rse.2015.06.007
Lotze‐Campen, H., Müller, C., Bondeau, A., Rost, S., Popp, A., & Lucht, W. (2008). Global food demand,
productivity growth, and the scarcity of land and water resources: a spatially explicit
mathematical programming approach. Agricultural economics, 39(3), 325-338.
doi:https://doi.org/10.1111/j.1574-0862.2008.00336.x
Marwanto, S., Sabiham, S., Sudadi, U., & Agus, F. (2013). Influence of root density, fertilizer application,
and water table depth on CO2 emissions from peat soil under oil palm plantation. Indonesian
Journal
of
Agriculture,
6(1),
22-29.
Retrieved
from
https://www.cabdirect.org/?target=%2fcabdirect%2fabstract%2f20143202413
Mea, M. E. A. (2005). Ecosystems and Human Well-Being: wetlands and water synthesis. Retrieved from
http://hdl.handle.net/10919/65899
Moniaga, V. R. (2011). Analisis daya dukung lahan pertanian. Agri-Sosioekonomi, 7(2), 61-68.
doi:https://doi.org/10.35791/agrsosek.7.2.2011.92
119

© RIGEO ● Review of International Geographical Education

11(8), Spring 2021

Mulyani, A., & Agus, F. (2017). Kebutuhan dan ketersediaan lahan cadangan untuk mewujudkan cita-cita
Indonesia
sebagai
lumbung
pangan
dunia
tahun
2045.
Retrieved
from
http://repository.pertanian.go.id/handle/123456789/4400
Mustofa, R. (2021). KOMPARASI USAHATANI PERKEBUNAN KELAPA SAWIT RAKYAT DI KABUPATEN ROKAN
HILIR. MEDIA BINA ILMIAH, 15(11), 5667-5674. doi:https://doi.org/10.33758/mbi.v15i11.1172
Mustofa, R., & Bakce, R. (2019). Potensi Konflik Lahan Perkebunan Kelapa Sawit. Paper presented at the
Unri
Conference
Series:
Agriculture
and
Food
Security.
Retrieved
from
https://conference.unri.ac.id/index.php/unricsagr/article/view/a8
Mustofa, R., & Dewi, N. (2016). Analisis komparasi usahatani kelapa sawit swadaya menurut tipologi lahan
Di Kabupaten Indragiri Hilir. IJAE (Jurnal Ilmu Ekonomi Pertanian Indonesia), 7(1), 46-55. Retrieved
from https://ijae.ejournal.unri.ac.id/index.php/IJAE/article/view/3799
Mustofa, R., & Suwondo, R. The Study on Impact of Plantation Activities in Siak District. Retrieved from
https://core.ac.uk/reader/234648650
Pacheco, P., Gnych, S., Dermawan, A., Komarudin, H., & Okarda, B. (2017). The palm oil global value chain:
Implications for economic growth and socialand environmental sustainability: CIFOR. Retrieved
from https://books.google.com.pk/books?id=nxVQDwAAQBAJ
Pires, J., Martins, F., Alvim-Ferraz, M., & Simões, M. (2011). Recent developments on carbon capture and
storage: an overview. Chemical engineering research and design, 89(9), 1446-1460.
doi:https://doi.org/10.1016/j.cherd.2011.01.028
Pittock, J., Cork, S., & Maynard, S. (2012). The state of the application of ecosystems services in Australia.
Ecosystem services, 1(1), 111-120. doi:https://doi.org/10.1016/j.ecoser.2012.07.010
Salzman, J., Bennett, G., Carroll, N., Goldstein, A., & Jenkins, M. (2018). The global status and trends of
Payments
for
Ecosystem
Services.
Nature
Sustainability,
1(3),
136-144.
doi:https://doi.org/10.1038/s41893-018-0033-0
Sembiring, R. (2017). Menyoal Pengaturan Anti Eco-SLAPP Dalam Undang-Undang Nomor 32 Tahun 2009.
Jurnal Hukum lingkungan indonesia, 3(2), 1-18. doi:https://doi.org/10.38011/jhli.v3i2.40
Sharma, S., Baral, H., Pacheco, P., & Laumonier, Y. (2017). Assessing impacts on ecosystem services under
various plausible oil palm expansion scenarios in Central Kalimantan, Indonesia.
doi:https://doi.org/10.17528/cifor/006479
Simshauser, P. (2020). Merchant renewables and the valuation of peaking plant in energy-only markets.
Energy Economics, 91, 104888. doi:https://doi.org/10.1016/j.eneco.2020.104888
Solecka, I., Sylla, M., & Świąder, M. (2017). Urban sprawl impact on farmland conversion in suburban area
of Wroclaw, Poland. Paper presented at the IOP Conference Series: Materials Science and
Engineering. doi:https://doi.org/10.1088/1757-899X/245/7/072002
Sumarga, E., & Hein, L. (2014). Mapping ecosystem services for land use planning, the case of Central
Kalimantan. Environmental management, 54(1), 84-97. doi:https://doi.org/10.1007/s00267-0140282-2
Suwondo, Darmadi, & Yunus, M. (2017). Integrating between Malay culture and conservation in Green
campus program: Best practices from Universitas Riau, Indonesia. Paper presented at the AIP
Conference Proceedings. doi:https://doi.org/10.1063/1.5012714
Świąder, M., Szewrański, S., Kazak, J. K., Van Hoof, J., Lin, D., Wackernagel, M., & Alves, A. (2018).
Application of ecological footprint accounting as a part of an integrated assessment of
environmental carrying capacity: A case study of the footprint of food of a large city. Resources,
7(3), 52. doi:https://doi.org/10.3390/resources7030052
Syahza, A. (2016). METODOLOGI PENELITIAN Edisi Revisi. In.
Syahza, A. (2019). The potential of environmental impact as a result of the development of palm oil
plantation. Management of Environmental Quality: An International Journal, 1072-1094.
doi:https://doi.org/10.1108/MEQ-11-2018-0190
Syahza, A., & Asmit, B. (2019). Development of palm oil sector and future challenge in Riau Province,
Indonesia. Journal of Science and Technology Policy Management, 149-170.
doi:https://doi.org/10.1108/JSTPM-07-2018-0073

120

Riyadi Mustofa, Hapsoh, Almasdi Syahza*, and Suwondo. (2021) Food Carrying Capacity as an Indicator of
Sustainability of Smallholder Oil Palm Plantations in Riau Province

Syahza, A., Bakce, D., Irianti, M., Asmit, B., & Nasrul, B. (2021). Development of Superior Plantation
Commodities Based on Sustainable Development. Planning, 16(4), 683-692.
doi:10.18280/ijsdp.160408
Syahza, A., & Hosobuchi, M. (2021). Innovation for the development of environmentally friendly oil palm
plantation in Indonesia. Paper presented at the IOP Conference Series: Earth and Environmental
Science. doi:https://doi.org/10.1088/1755-1315/716/1/012014
Syahza, A., & Irianti, M. (2021). Formulation of control strategy on the environmental impact potential as
a result of the development of palm oil plantation. Journal of Science and Technology Policy
Management, 106-116. doi:https://doi.org/10.1108/JSTPM-06-2019-0059
Syahza, A., Irianti, M., & Nasrul, B. (2020). What’s Wrong with Palm Oil, Why is it Accused of Damaging
the Environment? Paper presented at the Journal of Physics: Conference Series.
doi:https://doi.org/10.1088/1742-6596/1655/1/012134
Syahza, A., Suwondo, D. B., Nasrul, B., & Mustofa, R. (2020). Utilization of Peatlands Based on Local
Wisdom and Community Welfare in Riau Province, Indonesia. Planning, 15(7), 1119-1126.
Retrieved from http://iieta.org/journals/ijsdp
Vaissière, A.-C., Quétier, F., Calvet, C., Levrel, H., & Wunder, S. (2020). Biodiversity offsets and payments
for environmental services: Clarifying the family ties. Ecological Economics, 169, 106428.
doi:https://doi.org/10.1016/j.ecolecon.2019.106428
Wijaya, M. S., & Susilo, B. (2013). Integrasi model spasial cellular automata dan regresi logistik biner untuk
pemodelan dinamika perkembangan lahan terbangun (studi kasus kota salatiga). Jurnal Bumi
Indonesia, 2(1). Retrieved from http://lib.geo.ugm.ac.id/ojs/index.php/jbi/article/view/135/132
Yosephine, I. O., Gunawan, H., & Kurniawan, R. (2021). Pengaruh Pemakaian Jenis Biochar pada Sifat Kimia
Tanah P dan K terhadap Perkembangan Vegetatif Tanaman Kelapa Sawit (Elaeis guineensis Jacq.)
pada
Media
Tanam
Ultisol.
Agroteknika,
4(1),
1-10.
Retrieved
from
https://www.agroteknika.id/index.php/agtk/article/view/74
Zhao, D., Zhu, Y., Wu, S., & Lu, Q. (2022). Simulated response of soil organic carbon density to climate
change in the Northern Tibet permafrost region. Geoderma, 405, 115455.
doi:https://doi.org/10.1016/j.geoderma.2021.115455

121

