STUDY TO DETERMINE LEVEL OF CADMIUM IN SOIL AND CACAO IN GUNUNG KIDUL,
YOGYAKARTA, INDONESIA
ILHAM BINTANG P, Dr. Ngadisih, S.TP., M.Sc

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

REFERENCES

Abdulkadir, M. O.2017. Fundamental of Soil Science : Chapter two : Soil Physical
Properties. Somalia: Thelemon Productions. 27-62.

Adamu, Y. A. 2019. Relationship of soil properties to fractioanation and mobility
of lead and cadmium in soil. Dutse Journal of Pure and Applied Sciences. 5,
2b, 215-222.

Ahad, T., Kanth, T. A. and Nabi, S. 2015. Soil Bulk Density as Related to Texture,
Organic Matter Content and Porosity in Kandi Soils of District Kupware
(Kashmir Valley), India. International Journal of Scientific Research. 4, 1, 198-
200.

Ahmad, M., Rajapaksha, A. U., Lim, J. E., Zhang, M., Bolan, N., Mohan, D., ...
Ok, Y. S. (2014). Biochar as a sorbent for contaminant management in soil and
water: A review. Chemosphere, 99, 19-23.

Ajaj, Q. M., Shareef, M. A., Hassan, N. D., Hasan, S. F. and Noori, A. M. 2018.
GIS based spatial modeling to mapping and estimation relative risk of different
diseases using inverse distance weighting (IDW) interpolation algorithm and
evidential belief function (EBF). Int. J. Eng. Technol. 7, 4.37,185-191.

Albarrcin, H. S. R., Contreras, A. E. D., & Henao, M. C. 2019. Spatial regression
modeling of soils with high cadmium content in a cacao producing area of
Central Colombia. Geoderma Regional, 16, e00214.

Alloway, B.J., & Steinnes, E. 1999. Anthropogenic Additions of Cadmium to Soils.
In M. J. McLaughlin & B. R. Singh (Eds.), Cadmium in Soils and Plants (pp.
97-123).

Anawar, H. M., Akter, F., Solaiman, Z. M., & Strezov, V. (2015). Biochar: An
Emerging Panacea for Remediation of Soil Contaminants from Mining,
Industry and Sewage Wastes. Pedosphere, 25(5), 654-665.

Andrade, C. 2019. The PValue and statistical significance: misunderstandings,
explanations, challenges, and alternatives. Indian Journal of Psychological
Medicine. 41, 3,210-215.

Anikwe, J. C. and Otuonye, H. Z. 2015. Dieback of cacao (Theobromacacao L.)
plant tissues caused by the brown cacao mirid Sahlbergella singularis Haglund
(Hemiptera: Miridae) and associated pathogenic fungi. International Journal of
Tropical Insect Science. 35, 4, 193-200.

Arévalo-Gardini, E., Arévalo-Hernandez, C. O., Baligar, V. C., & He, Z. L. 2017.
Heavy metal accumulation in leaves and beans of cacao (Theobroma cacao L.)
in major cacao growing regions in Peru. Science of The Total Environment,
605-606, 792-800.

Arevalo-Gardini, E., Arevalo-Hernandez, C.O., Baligar, V.C., He, Z.L., 2017.
Heavy metal accumulation in leaves and beans of cacao (Theobroma cacao L.)
in major cacao growing regions in Peru. Sci. Total Environ. 605-606, 792-800.
https://doi.org/10.1016/].scitotenv.2017.06.122.

Arguello, D., Chavez, E., Lauryssen, F., Vanderschueren, R., Smolders, E., &
Montalvo, D. (2019). Soil properties and agronomic factors affecting cadmium
concentrationsin cacao beans : A nationwide survey in Ecuador. Science of the
Total Environment, 649, 120-127.

70


https://doi.org/10.1016/j.scitotenv.2017.06.122

UNIVERSITAS

STUDY TO DETERMINE LEVEL OF CADMIUM IN SOIL AND CACAO IN GUNUNG KIDUL,
YOGYAKARTA, INDONESIA
ILHAM BINTANG P, Dr. Ngadisih, S.TP., M.Sc

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

GADJAH MADA

Asrul, L. 2013. Agribisnis Kakao. Media Bangsa. Jakarta.

Babin R., Anikwe J. C., Dibog L. and Lumaret P. 2011. Effects of cacao tree
phenology and canopy microclimate on the performance of the mirid bug
Sahlbergella singularis. Entomologia Experimentalis et Applicata. 141, 25-34.

Barraza, F., Schreck, E., Lévéque, T., Uzu, G., Lopez, F., Ruales, J., ... Maurice,
L. 2017. Cadmium bioaccumulation and gastric bioaccessibility in cacao: A
field study in areas impacted by oil activities in Ecuador. Environmental
Pollution, 229, 950-963.

Beckett, S. T. 2009. Industrial Chocolate Manufacture and Use. New Jersey:
Blackwell Publishing Ltd.

Benavides, M. P., Gallego, S., & Tomaro, M. 2005. Cadmium Toxicity in Plants.
Brazilian Journal of Plant Physiology, 17, 21-34.

Bhunia, G. S., Shit, P. K. and Maiti, R. 2018. Comparison of GIS-based
interpolation methods for spatial distribution of soil organic carbon (SOC).
Journal of the Saudi Society of Agricultural Sciences. 17, 114-126.

Blake, G. R. 1986. Particle Density. In Methods of Soil Analysis, Part 1. Second
ed. Agron. 9 Am. Soc. of Agron., Madison, WI. 377-382.

Bostani, A., Salahedin, M., Rahman, M. M. and Khojasteh, D. N. 2017. Spatial
Mapping of Soil Properties Using Geostatistical Methods in the Ghazvin Plains
of Iran. Modern Applied Science. 11, 10, 23-37.

BPS-Statistics Indonesia, 2019. Indonesian Cacao Statistics.

BPS-Statistics Indonesia, 2020. Indonesian Cacao Statistics.

Bravo, D., Diaz, S., Benavides-Erazo, J., Rengifo-Estrada, G., Braissant, O., &
Leon-Moreno, C. 2018. Cadmium and cadmium-tolerant soil bacteria in cacao
crops from northeastern Colombia. Journal of Applied Microbiology, 124,
1175-1194.

Brogowski, Z., Kwasowski, W. and Madyniak, R. 2014. Calculating particle
density, bulk density, and total porosity of soil based on its texture. Soil Science
Annual. 65, 4, 139-149.

Chaiwonga, S., Sthiannopkao, S., Susanpaiboon, W., Chuenchoojit, S., Pupatwibul,
K., Poodendaen, C. 2013. Urinary cadmium concentrations in a population
downstream: from a zinc mining area in Mae Sot District, Tak Province,
Thailand. Environ. Geochem. Health 35, 69-78.

Chang, H. H, Qiang, T. F. and Ping, H. H. 2011. Soil particle size distribution and
its relationship with soil water and saltunder mulched drip irrigation in Xinjiang
of China. Science China Technological Sciences. 54, 6, 1568-1574.

Chaudhari, P. R., Ahire, D. V., Ahire, V. D., Chkravarty, M. and Maity, S. 2013.
Soil bulk density as related to soil texture, organic matter content and available
total nutrients of coimbatore soil. International Journal of Scientific and
Research Publications. 3, 2, 1-8.

Chaudhari, P. R., Ahire, D. V., Ahire, V. D., Chkravarty, M. and Maity, S. 2013.
Soil bulk density as related to soil texture, organic matter content and available
total nutrients of coimbatore soil. International Journal of Scientific and
Research Publications. 3, 2, 1-8.

Chavez, E., He, Z. L., Stoffella, P. J., Mylavarapu, R. S., Li, Y. C., Moyano, B., &
Baligar, V. C. 2015. Concentration of cadmium in cacao beans and its

71



STUDY TO DETERMINE LEVEL OF CADMIUM IN SOIL AND CACAO IN GUNUNG KIDUL,
YOGYAKARTA, INDONESIA
ILHAM BINTANG P, Dr. Ngadisih, S.TP., M.Sc

UNIVERSITAS Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/
GADJAH MADA

relationship with soil cadmium in southern Ecuador. Science of the Total
Environment, 533, 205-214.

Chibuike, G. U.and Obiora, S. C. 2014. Heavy metal polluted soils: effecton plants
and bioremediation methods. Applied and Environmental Soil Science. 1-12.

China Ministry of Ecology and Environment, 2018. Soil Environmental Quality:
Risk Control Standardfor Soil Contaminationof Agricultural Land (GB 15618-
2018). Beijing, China.

Clemens, S., Aarts, M.G.M., Thomine, S., Verbruggen, N., 2013. Plant science: the
key to preventing slow cadmium poisoning. Trends Plant Sci. 18, 92-99.
https://doi.org/10.1016/j.tplants.2012.08.003.

Davila, M. 2007. Soil characterization identifying potential capability areas to
establish agroforestry system in “Finca Ula”, caparo experimental station.
Agric. Andina, 12: 41-53.

Deheuvels, O., Rousseau, G. X., Soto Quiroga, G., Decker Franco, M., Cerda, R.,
Vilchez Mendoza, S. J., & Somarriba, E. 2014. Biodiversity is affected by
changes in management intensity of cacao-based agroforests. Agroforestry
Systems, 88(6), 1081-1099.

Departement of Agriculture and Fisheries. 2013. Pests and Diseases of Cacao.
https://www.daf.gld.gov.au/business-priorities/agriculture/plants/fruit-vegeta-
ble/fruit-vegetable-crops/cacao/pests-and-diseases-of-cacao.

Dong, J., Mao, W. H., Zhang, G. P., Wu, F. B., & Cai, Y. (2007). Root excretion
and plant tolerance to cadmium toxicity — a review. Plant Soil Environment,
2007(30571097), 193-200.

Engbersen, N., Gramlicha, A., Lopez, M., Schwarz, G., Hattendorf, B., Guitierrez,
O. and Schulin, R. 2019. Cadmium accumulation and allocation in different
cacao cultivars. Science of the Total Environment. 678, 660-670.

European Union, EU. 2002. Heavy Metals in Wastes, European Commission on
Environment. http://ec.europa.eu/environment/waste/studies/pdf/heavymetals-
report.pdf.

Evans, J. D. 1996. Straight forward Statistics for the Behavioral Sciences. Pacific
Grove, CA : Brooks/Cole Publishing.

Fauziah, C.1.,Rozita, O., Zauyah, S., Anuar, A.R., & Shamshuddin, J. 2001. Heavy
metal content in soils of Peninsular Malaysia grown with cacao and in cacao
tissues. Malaysian Journal of Soil Science, 5, 47-58.

Frimpong-Anin, K., Adjaloo, M. K., Kwapong, P. K. and Oduro, W. 2014.
Structure and Stability of Cacao Flowers and Their Response to Pollination.
Journal of Botany. 2014, 1-6.

Gebeyehu, M. N. 2019. Remote Sensing and GIS Application in Agriculture and
Natural Resource Management. International Journal of Environmental
Sciences & Natural Resources. 19, 2, 45-49.

Gentili, R., Ambrosini, R., Montagnani, C., Caronni, S. and Citterio, S. 2018. Effect
of Soil pH on the Growth, Reproductive Investment and Pollen Allergenicity of
Ambrosia artemisiifolia L. Frontiers in Plant Science. 9, 1335, 1-12.

Ginanjar. 2016. Skripsi Korelasi Suhu Dan Curah Hujan Terhadap Produksi Kakao
(Theobroma Cacao L) Di Kebun Banjarsari Pt Perkebunan Nusantara Xii
(Persero) Jember. Institut Pertanian Bogor. Bogor.

72


https://www.daf.qld.gov.au/business-priorities/agriculture/plants/fruit-vegeta-ble/fruit-vegetable-crops/cocoa/pests-and-diseases-of-cocoa
https://www.daf.qld.gov.au/business-priorities/agriculture/plants/fruit-vegeta-ble/fruit-vegetable-crops/cocoa/pests-and-diseases-of-cocoa
http://ec.europa.eu/environment/waste/studies/pdf/heavymetals-report.pdf
http://ec.europa.eu/environment/waste/studies/pdf/heavymetals-report.pdf

STUDY TO DETERMINE LEVEL OF CADMIUM IN SOIL AND CACAO IN GUNUNG KIDUL,
YOGYAKARTA, INDONESIA
ILHAM BINTANG P, Dr. Ngadisih, S.TP., M.Sc

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

GLOBE. 2014. Soil Particle Density Protocol. https://globe.gov

Godt, J., Scheidig, F., Grosse-Siestrup, C., Esche, V., Brandenburg, P., Reich, A.
and Groneberg, D. A. 2006. The toxicity of cadmium and resulting for human
health. Journal of Occupational Medicine and Toxicology. 1, 22, 1-6.

Gramlich, A., Tandy, S., Andres, C., Paniagua, J. C., Armengot, L., Schneider, M.
and Schulin, R. 2017. Cadmium uptake by cacao trees in agroforestry and
monoculture systems under conventional and organic management. Science of
the Total Environment. 580, 677-686.

Gramlich, A., Tandy, S., Gauggel, C., Lopez, M., Perla, D., Gonzalez, V., &
Schulin, R. 2018. Soil cadmium uptake by cacao in Honduras. Science of The
Total Environment, 612 (September 2017), 370-378.

Gutiérrez-Macias, P., Mirdn-Meérida, V. A., Rodriguez-Nava, C. O. and Barragan-
Huerta, B. E. 2021. Chapter 13 - Cacao: Beyond chocolate, a promising material
for potential value-added products. Valorization of Agri-Food Wastes and By-
Products. 267-288.

He, S., He, Z., Yang, X., Stoffella, P. J., & Baligar, V. C. (2015). Chapter Four -
Soil Biogeochemistry,

He, S., Yang, X., He, Z,, & BALIGAR, V. C. 2017. Morphological and
Physiological Responses of Plants to Cadmium Toxicity: A Review.
Pedosphere, 27(3), 421-438.

Huamani, H., Huauya, M.A., Mansilla, L., Florida, N., Neira, G.,2012. Presence of
heavy metals in organic cacao (Theobroma cacao L.) crops. Acta Agronomica
61, 309-314.

Kabata-Pendias, A. 2010. Trace Elements in Soils and Plants, Fourth Edition.
Retrieved from Khan, M. A., Khan, S., Khan, A., & Alam, M. 2017. Soil
contamination with cadmium, consequences and remediation using organic
amendments. Science of The Total Environment, 601-602, 1591-1605.

Karmawati, E., Mahmud, Z., Syakir, M., Munarso, S. J., Ardana, K. I. and Rubiyo.
2010. Budidaya dan Pasca Panen Kakao. Bogor : Pusat Penelitian dan
Pengembangan Perkebunan.

Khalig, M.A., James, B., Chen, Y.H., Ahmed Sagib, H.S., Li, H.H., Jayasuriya, P.,
Guo, W.,2019. Uptake, translocation, and accumulation of Cd and its
interaction with mineral nutrients (Fe, Zn, Ni, Ca, Mg) in upland rice.
Chemosphere 215,916-924.

Khan, M. A., Khan, S., Khan, A. and Alam, M. 2017. Soil contamination with
cadmium, consequences and remediation using organic amendments. Science
of the Total Environment. 601-602, 1591-1605.

Khatri, S. and Suman, S. 2018. Spatial Interpolation and Mapping of Soil
Geotechnical Properties of Udham Singh Nagar District using GIS.
International Journal of Engineering Research Computer Science and
Engineering. 5, 2, 323-326.

Kim, T. H. 1996. Soil Sampling, Preparation, and Analysis. New York: Marcel
Dekker, Inc.

Kumar Sharma, R., Agrawal, M., Marshall, F. 2007. Heavy metal contamination of
soil and vegetables in suburban areas of VVaranasi, India. Ecotoxicol. Environ.
Saf. 66, 258-266.

73


https://globe.gov/

STUDY TO DETERMINE LEVEL OF CADMIUM IN SOIL AND CACAO IN GUNUNG KIDUL,
YOGYAKARTA, INDONESIA
ILHAM BINTANG P, Dr. Ngadisih, S.TP., M.Sc

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Lal, R. 2020. Soil organic matter content and crop yield. Journal of Soil and Water
Conservation. 75, 2, 27-32.

Leon-Moreno, C. E., Rojas-Molina, J., & Castilla-Campos, C. E. 2019.
Physicochemical characteristics of cacao (Theobroma cacao L.) soils in
Colombia: Are they adequate to improve productivity?. Agronomia
Colombiana, 37(1), 28-38.

Lettens, S., Vandecasteele, B., Vos, B. De, Vansteenkiste, D., & Verschelde, P.
2011. Intra- and inter-annual variation of Cd, Zn, Mn and Cu in foliage of
poplars on contaminated soil. Science of The Total Environment, 409(11),
2306-2316.

Low, K. S., & Lee, C. K. 1994, Effect of pH and Inorganic Reagents on the
Immobilization of Cadmium in Some Malaysian Cacao-growing Soils.
Pertanika Journal of Science and Technology, 2(2), 181-187.

Maghfiroh, C. N. and Putra, E. T. S. 2020. Morphological characters of rootand
yield of three cacao (Theobroma cacao L.) clones in the field with dead-end
trench. Agricultural Science. 5, 2, 58-65.

Maldonado, M. F., M. J. Jasso, J. L. Palma, S. G. Salgado and V. A. Gonzalez.
2006. Dynamics of organic matter, P and K in soils of the agroforestry system
“spanish cedar-banana” in Tabasco, Mexico. Rev. Fitotec., 29: 223-230.

McCauley, A., Jones, C.and Jacobsen, J. 2005. Basic Soil Properties. Soil & Water
Management Module. Bozeman: Montana State University Extension Service.
1-12.

McCauley, A., Jones, C., and Jacobsen, J. 2009. Nutrient Management Module No.
8: SoilpH and Organic Matter. Bozeman: Montana State University Extension.

Mite, F., Carrillo, M., & Durango, W. 2010. Avances del monitoreo de presencia
de cadmio en almendras de cacao, suelos y aguas en Ecuador. XII Congreso
Ecuatoriano de La Ciencia Del Suelo. Santo Domingo, 17-19 de Noviembre Del
2010. Santo Domingo.

Mukaka, M. M. 2012. Statistics corner: A guide to appropriate use of Correlation
coefficient in medical research. 24, 3, 69-71.

Murray-Nunez, R. M., J. I. Bojorquez-Serrano, A. Hernandez-Jimenez, M. G.
Rosco-Benitez and J. D. Garcia-Paredes. 2011. Effect of organic matter on soil
physical properties in an agroforestry system in the northern coastal plain of
Nayarit Mexico. Biociencias, 1: 27-35.

Murtinah V, Edwin M, dan Bane O.2016. Dampak Kebakaran Hutan terhadap Sifat
Fisik dan Kimia Tanah di Taman Nasional Kutai, Kalimantan Timur. Jurnal
Pertanian Terpadu.5(2): 128-134.

Neina, D. 2019. Review Article: The role of soil pH in plant nutrition and soil
remediation. Applied and Environmental Soil Science. 2019, 1-9.

Niven, E. B and Deutsch, C. V. 2012. Calculating a robust coefficient and
quantifying its uncertainty. Computers & Geosciences. 40, 1-9.

Noori, A. M., Qader, W. M., Saed, F. G. and Hamdany, Z. A. 2019. Quantification
of Morphometric Parametersto Analyze the Watershed Characteristics: A Case
Study of Rosti Watershed, Irag. International Journal of Advanced Science and
Technology. 28, 13, 273-289.

74



STUDY TO DETERMINE LEVEL OF CADMIUM IN SOIL AND CACAO IN GUNUNG KIDUL,
YOGYAKARTA, INDONESIA
ILHAM BINTANG P, Dr. Ngadisih, S.TP., M.Sc

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Oshunsanya, S. O. 2019. Introductory Chapter: Relevance of Soil pH to
Agriculture. http://dx.doi.org/10.5772/intechopen.82551.

Pahlevi, O., & Atmojo, M. K. 2020. Application of Expert System for Diagnosing
Diseases Cacao Plants Using the Forward Chaining Algorithm
Method. Sinkron: jurnal dan penelitian teknik informatika, 4(2), 10-18.

Pan, L. B., Ma, J., Wang, X. L. and Hou, H. 2016. Heavy metals in soils from a
typical county in Shanxi Province, China: levels, sources, and spatial
distribution. Chemosphere. 148, 248-254.

Pinto, A. P., Mota, A. M., de-Varennes, A. and Pinto, F. C. 2004. Influence of
organic matter on the uptake of cadmium, zinc, copper and iron by sorghum
plants. Sci. Total Environ. 326, 239-247.

Pinto, T. de O., Garcia, A. C., Guedes, J. doN., do A. Sobrinho, N. M. B., Tavares,
O. C. H., & Berbara, R. L. L. (2016). Assessment of the Use of Natural
Materials for the Remediation of Cadmium Soil Contamination. PLOS ONE,
11(6), 1-14.

Pohlan, H. A. J. and Perez, V. D. 2010. Growth and production of cacao. Soil, Plant
Growth and Crop Production. 3, 1-10.

Pusat Penelitian Kopi dan Kakao. 2010. Buku Pintar Budidaya Kakao. Jakarta:
Agro Media Pustaka.

Putinella, J. A. 2011. The improvement of physical characteristics of regosols and
the response of mustard crop (Brassica juncea L.) due to the application of sago
pith waste compost and urea fertilizer. Jurnal Budidaya Pertanian. 7, 35-40.

Rahayu, A., T.Hardiyanti., dan P.Hidayat. 2014. Pengaruh Polyethylene Glycol
6000 dan Lama Penyimpanan terhadap Mutu Benih Kakao. Pelita Perkebunan
30(1): 15-24.

Ramasamy, J. and Ramalingam, K. 2019. Influence of soil organic matter on bulk
density in Coimbatore soils. International Journal of Chemical Studies. 7, 3
3520-3523.

Ramtahal, G., Yen, I. C., Hamid, A., Bekele, I., Bekele, F., Maharaj, K., &
Harrynanan, L. 2018. The Effect of Liming on the Availability of Cadmium in
Soils and Its Uptake in Cacao (Theobroma Cacao L.) In Trinidad & Tobago.
Communications in Soil Science and Plant Analysis, 0(0), 1-9.

Remigio, A. J. 2014. Determinacion de procedimientos, interpretacion de
resultados de analisis y elaboracion de interrelaciones de los diferentes
estudios para determinar la concentracion de cadmio en los granos de cacao.

Rieuwerts, J. S. 2007. The mobility and bioavailability of trace metals in tropical
soils: A review. Chemical Speciation and Bioavailability, 19(2), 75-85.

Rosmana, A., Sahrani, E., Saharuddin, W. and Junaid, M. 2010. Komparasi
penggunaan Trichoderma dengan fungisida sintetik untuk mengendalikan
penyakit busuk buah Phytophthora kakao. Fitomedika. 6, 22-25.

Rousseau, G. X., O. Deheuvels, I. R. Arias and E. Somarriba. 2012. Indicating soil
quality in cacao-basedagroforestry system and old-growth forest: The potential
of soil macrofaunaassemblage. Ecol. Indicat., 23: 535-543.

Ruehlmann, J. and Kdrschens, M. 2020. Soil particle density as affected by soil
texture and soil organic matter: 2. Predicting the effect of the mineral
composition of particle-size fractions. Geoderma. 375, 1-5.

75


http://dx.doi.org/10.5772/intechopen.82551

STUDY TO DETERMINE LEVEL OF CADMIUM IN SOIL AND CACAO IN GUNUNG KIDUL,
YOGYAKARTA, INDONESIA
ILHAM BINTANG P, Dr. Ngadisih, S.TP., M.Sc

Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Rihlmann,J., Korschens, M.,Graefe, J., 2006. A new approach to calculatethe
particle density of soils considering properties of the soil organic matter and the
mineral matrix. Geoderma 130, 272-283.

Satriana.  2010. Budidaya Tanaman Kakao. Tersedia pada
http://epetani.deptan.go.id/budidaya/budidayatanamankakao-929.

Schjgnning, P., McBride, R. A., Keller, T. and Obour, P. B. 2017. Predicting soil
particle density from clay and soil organic matter contents. Geoderma. 286, 83-
87.

Shahid, M., Dumat, C., Khalid, S., Niazi, N. K., & Antunes, P. M. C. (2016).
Cadmium Bioavailability, Uptake, Toxicity and Detoxification in Soil-Plant
System. In P. de Voogt (Ed.), Reviews of Environmental Contamination and
Toxicology Volume 241 (pp. 73-137).

Shan, L., Qi-quan, L., Chang-quan, W., Bing, L., Xue-song, G., Yi-ding, L. and De-
yong, W. 2019. Spatial variability of soil bulk density and its controlling factors
in an agricultural intensive area of Chengdu Plain, Southwest China. Journal of
Integrative Agriculture. 18, 2, 290-300.

Shete, P. P., Kayte, J. N. and Deshmukh, R. R. 2019. Determination of soil texture
distribution (clay, sand, and silt) by using spectral measurement: a review.
Journal of Emerging Technologies and Innovative Research. 6, 2, 625-629.

Shit, Kumar P., Bhunia, G. S. and Maiti, R. 2016. Spatial analysis of soil properties
using GIS based geostatistics models. Modeling Earth Systems and
Environment. 2, 2, 107.

Siregar, T.H.S, Riyadi, S, dan Nuraeni. L. 2010. Budi Daya Cokelat. Jakarta :
Penebar Swadaya.

Sutrisno, S., & Kuntyastuti, H. 2015. Pengelolaan cemaran kadmium pada lahan
pertanian di Indonesia. Buletin Palawija, 13(1), 83-91.

Tahar, K. and Keltoum, B. 2011. Effects of heavy metals pollution in soil and plant
in the industrial area, west Algeria. Journal of the Korean Chemical Society.
55, 6,1018-1023.

Tarigan, B., Sinarta, E., Guchi, H., & Marbun, P. 2015. Evaluasi status bahan
organik dan sifat fisik tanah (bulk density, tekstur, suhu tanah) pada lahan
tanaman kopi (coffea sp.) di beberapa kecamatan kabupaten Dairi. Jurnal
Agroekoteknologi Universitas Sumatera Utara, 3(1), 103124.

Tezotto, T., Favarin, J. L., Azevedo, R. A., Alleoni, L. R. F. and Mazzafera, P.
2012. Coffee is highly tolerant to cadmium, nickel, and zinc: Plant and soil
nutritional status, metal distribution and bean yield. Field Crops Research. 125,
25-34.

Twum, E. K. A. and Nii-Annang, S. 2015. Impact of soil compaction on bulk
density and rootbiomass of Quercus petraea L. atreclaimed post-lignite mining
site in Lusatia, Germany. 2015, 1-5.

Van Vliet, J. A., Slingerland, M., and Giller, K. E. 2015. Mineral nutrition of cacao:
A review. Wageningen: Wageningen University and Research Centre. 57.

Vervuurt, W., Slingerland, M. A., Pronk, A. A. and van Bussel, L. G. J. 2022.
Modelling greenhouse gas emissions of cacao production in the Republic of
Cote d’Ivoire. Agroforestry Systems. 96, 1, 417-434 .

76


http://epetani.deptan.go.id/budidaya/budidayatanamankakao-929

STUDY TO DETERMINE LEVEL OF CADMIUM IN SOIL AND CACAO IN GUNUNG KIDUL,
YOGYAKARTA, INDONESIA
ILHAM BINTANG P, Dr. Ngadisih, S.TP., M.Sc

UNIVERSITAS Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/
GADJAH MADA

Vitola, V. and Ciprovi¢a, I. 2016. The effect of cacao beans heavy and trace
elements on safety and stability of confectionery products. Rural Sustainability
Research. 35, 330, 19-23.

Wartono and Taufiq, E. 2021. Pathogen of cacao pod rot disease: characters and
pathogenicity of Phytophthora palmivora isolates originated from Pakuwon,
Sukabumi. Journal of Industrial and Beverage Crops. 8, 1, 49-58.

West, T. O. and G. Marland. 2003. Net carbon flux from agriculture: carbon
emissions, carbon sequestration, crop vyield, and land-use change.
Biogeochemistry, 63: 73-82.

Wuana, R. A. and Okieimen, F. E. 2011. Heavy metals in contaminated soils: A
review of sources, chemistry, risks, and best available strategies for
remediation. ISRN Ecology. 2011, 1-20.

Xu, D., Zhao, Y., Sun, K., Gao, B., Wang, Z., Jin, J., Wu, F. (2014). Cadmium
adsorption on plant and manure-derived biochar and biochar-amended sandy
soils: Impact of bulk and surface properties. Chemosphere, 111, 320-326.

Yuan, C., Li, Q., Sun, Z. and Sun, H. 2021. Effects of natural organic matter on
cadmium mobility in paddy soil: A review. Journal of Environmental Sciences.
104, 204-215.

Yuan, C., Li, Q., Sun, Z., & Sun, H. 2021. Effects of natural organic matter on
cadmium mobility in paddy soil: A review. journal of environmental
sciences, 104, 204-215.

Zaeri, K., Hazbavi, S., Toomanian, N. and Zadeh, J. T. 2013. Creating surface soil
texture map with indicator kriging technique: A case study of central Iran soils.
International Journal of Agriculture and Crop Sciences. 6, 9, 518-521.

Zamora, C. D. (2018). Cooperative Agroindustrial Cacao Alto Huallaga — Paquete
Technologico para disminuir el contenido de cadmio de los granos de cacao.

Zhou, Z., Chen, Z., Pan, H., Sun, B., Zeng, D., He, L., Yang, R. and Zhou, G. 2018.
Cadmium contaminationin soilsand cropsin four miningareas, China. Journal
of Geochemical Exploration. 192, 72-84.

Zhu, Q. H., Huang, D. Y., Liu, S. L., Luo, Z. C., Zhu, H. H., Zhou, B., Lei, M.,
Rao, Z. X. and Cao, X. L. 2012. Assessment of single extraction methods for
evaluating the immobilization effect of amendments on cadmium in
contaminated acidic paddy soil. Plant Soil Environ. 58, 2, 98-103.

Zug, K. L. M., Huamani Yupanqui, H. A., Meyberg, F., Cierjacks, J. S., &
Cierjacks, A. (2019). Cadmium Accumulation in Peruvian Cacao (Theobroma
cacao L.) and Opportunities for Mitigation. Water, Air, & Soil Pollution, 230.

77



