
DAFTAR PUSTAKA 
 

Abad, J., I.H. de Mendoza, D. Marín, L. Orcaray & L.G. Santesteban. 2021. Cover 
crops in viticulture. A systematic review (1): Implications on soil characteristics 
and biodiversity in vineyard. OENO One. 2021 (1): 295-312. 
doi:10.20870/oeno-one.2021.55.1.3599 

Abbasi, M.K., M.M. Tahir, N. Sabir & M. Khurshid. 2015. Impact of the addition of 
different plant residues on nitrogen mineralization–immobilization turnover and 
carbon content of a soil incubated under laboratory conditions. Solid Earth. 6: 
197-205. doi:10.5194/se-6-197-2015 

Abdi, H. & L.J.  Williams. 2010. Principal component analysis. Wiley Interdisciplinary 
Reviews: Computational Statistics. 2 (4): 433-459. doi:10.1002/wics.101  

Abdulaali, H.H., C.T.B. Sung, A.H. Abdulaali, M.R. Kamal & R. Ismail. 2020. 
Optimization of silt pit dimensions and the water supply period in oil palm 
plantation by artificial neutral network estimation. Environment Asia. 13 (1): 53-
66. doi:10.14456/ea.2020.5 

Abnisa, F., A. Arami-Niya, W.M.A.W. Daud & J.N. Sahu. 2013. Characterization of 
bio-oil and bio-char from pyrolysis of palm oil wastes. BioEnergy Research. 6 
(2): 830-840. doi:10.1007/s12155-013-9313-8  

Aczel, M. 2019. What is the nitrogen cycle and why is it key to life?. Front. Young 
Minds. 7: 41. doi:10.3389/frym.2019.00041 

Adeli, A., J. Read, G. Feng, R. McGrew & J. Jenkins. 2017. Organic amendments and 
nutrient leaching in soil columns. Agronomy Journal. 109 (4): 1294-1302. 
doi:10.2134/agronj2016.11.0634 

Adetunji, A.T., B. Ncube, R. Mulidzi & F.B. Lewu. 2020. Management impact and 
benefit of cover crops on soil quality: A review. Soil & Tillage Research. 204: 
104717. doi:10.1016/j.still.2020.104717 

Agamuthu, P. & W.J. Broughton. 1985. Nutrient cycling within the developing oil palm 
- legume ecosystem. Agriculture, Ecosystems & Environment. 13 (2): 111-123. 
doi:10.1016/0167-8809(85)90054-4 

Ajeng, A.A., R. Abdullah, M.A. Malek, K.W. Chew, Y.-C. Ho, T.C. Ling, … & P.L. 
Show. 2020. The effects of biofertilizers on growth, soil fertility, and nutrients 
uptake of oil palm (Elaeis Guineensis) under greenhouse conditions. 
Processes. 8 (12): 1681. doi:10.3390/pr8121681  

Aksakal, E.L., K. Barik, I. Angin, S. Sari & K.R. Islam. 2019. Spatio-temporal variability 
in physical properties of different textured soils under similar management and 
semi-arid climatic conditions. Catena. 172: 528-546. 
doi:10.1016/j.catena.2018.09.017 

Alam, S., B.H. Sunarminto & S.A. Siradz. 2011. Perkembangan tanah dari lapukan 
batuan ultrabasa pada dua toposekuen di Sulawesi Tenggara. Jurnal 
Agroteknos. 1 (3): 119-126.  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Aljuboori, A.H.R. 2013. Oil palm biomass residue in Malaysia: Availability and 
sustainability. International Journal of Biomass & Renewables. 2 (1): 13-18. 

Alexander, E.B. & J. DuShey. 2011. Topographic and soil differences from peridotite 
to serpentinite. Geomorphology. 135 (3): 271-276. 
doi:10.1016/j.geomorph.2011.02.007 

Alexander, E.B., R.G. Coleman, T. Keeler-Wolf & S. Harrison. 2007. Serpentine 
Geoecology of Western North America : Geologi, Soil, and Vegetation. Oxford 
University Press. New York. 512 p. 

Al-Mamoori, S.K., L.A. Jasem Al-Maliki & A.H. Al-Sulttani. 2020. Horizontal and 
vertical geotechnical variations of soils according to USCS classification for the 
City of An-Najaf, Iraq using GIS. Geotech Geol Eng. 38: 1919-1938. 
doi:10.1007/s10706-019-01139-x 

Anaba, B.D., M. Yemefack, M. Abossolo-Angue, G. Ntsomboh-Ntsefong, E.G. Bilong, 
… & J.M. Bell. 2020. Soil texture and watering impact on pot recovery of soil-
stripped oil palm (Elaeis guineensis Jacq.) seedlings. Heliyon. 6 (10): 
e05310. doi:10.1016/j.heliyon.2020.e05310  

Anda, M. 2012. Cation imbalance and heavy metal content of seven Indonesian soils 
as affected by elemental composition of parent rocks. Geoderma. 189-190: 
388-396. doi:10.1016/j.geoderma.2012.05.009 

Anda, M.,  J. Shamshuddin, C.I. Fauziah & S.R. Syed Omar. 2008. Mineralogy and 
factors controlling charge development of three oxisols developed from 
different parent materials. Geoderma 143: 153-167. 
doi:10.1016/j.geoderma.2007.10.024 

Anderson, D.W. 1988. The effect of parent material and soil development on nutrient 
cycling in temperate ecosystems. Biogeochemistry. 5 (1): 71-
97. doi:10.1007/bf02180318 

Angelini, M.E., G.B.M. Heuvelink & B. Kempen. 2017. Multivariate mapping of soil 
with structural equation modeling. European Journal of Soil Science. 68:
 575-591. doi:10.1111/ejss.12446 

Angelini, M.E., G.B.M. Heuvelink, B. Kempen & H.J.M. Morrás. 2016. Mapping the 
soils of an Argentine Pampas region using structural equation modelling. 
Geoderma. 281: 102-118. doi:10.1016/j.geoderma.2016.06.031 

Annabi, M., Y. Le Bissonnais, M. Le Villio-Poitrenaud & S. Houot. 2011. Improvement 
of soil aggregate stability by repeated applications of organic amendments to 
a cultivated silty loam soil. Agriculture, Ecosystems & Environment. 144 (1): 
382-389. doi:10.1016/j.agee.2011.07.005  

Annan-Afful, E., T. Masunaga & T. Wakatsuki. 2005. Soil properties along the 
toposequence of an inland valley watershed under different land uses in the 
Ashanti Region of Ghana. Journal of Plant Nutrition. 28 (1): 141-150.  
doi:10.1081/PLN-200042199 

Arif, N., V. Yadav, S. Shweta, S. Swati, P. Ahmad, R.K. Mishra, S. Sharma, … & D.K. 
Chauhan. 2016. Influence of high and low levels of plant-beneficial heavy metal 
ions on plant growth and development. Frontiers in Environmental Science. 4: 
69. doi:10.3389/fenvs.2016.00069 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Ariyanti, M., S. Yahya, K. Murtilaksono, Suwarto & H.H. Siregar. 2016. Water balance 
in oil palm plantation with ridge terrace and Nephrolepis biserrata as cover 
crop. Journal of Tropical Crop Science. 3 (2): 35-47. doi:10.29244/jtcs.3.2.35-
55 

Avalos, J.M.M., P.S. Fouz, E.V. Vázquez, A.P. González & I. Bertol. 2009. Crop 
residue effects on organic carbon, nitrogen, and phosphorus concentrations 
and loads in runoff water. Communications in Soil Science and Plant Analysis. 
40 (1-6): 200-213. doi:10.1080/00103620802625542  

Aweto, A.O. & G.O. Enaruvbe. 2010. Catenary variation of soil properties under oil 
palm plantation in South Western Nigeria. Ethiopian Journal of Environmental 
Studies and Management. 3 (1):  doi:10.4314/ejesm.v3i1.54389 

Ayanda, A.F., S. Jusop, C.F. Ishak & R. Othman. 2020. Utilization of magnesium-rich 
synthetic gypsum as magnesium fertilizer for oil palm grown on acidic soil. 
PLOS ONE. 15 (6): e0234045. doi:10.1371/journal.pone.0234045 

Aye, N.S., P.W.G. Sale & C. Tang. 2016. The impact of long-term liming on soil 
organic carbon and aggregate stability in low-input acid soils. Biology and 
Fertility of Soils. 52 (5): 697-709. doi:10.1007/s00374-016-1111-y 

Azer, M.K. & A.E.S. Khalil.  2005. Petrological and mineralogical studies of Pan-
African Serpentinites at Bir Al-Edeid Area, Central Eastern Desert, Egypt. 
Journal of African Earth Sciences. 43: 525-536. 

Azzali, E., C. Carbone, P. Marescotti & G. Lucchetti. 2011. Relationships between soil 
colour and mineralogical composition: application for the study of waste-rock 
dumps in abandoned mines. Neues Jahrbuch Für Mineralogie – 
Abhandlungen. 188 (1): 75-85. doi:10.1127/0077-7757/2011/0195 

Bach, E.M., R.J. Williams, S.K. Hargreaves, F. Yang & K.S. Hofmockel. 
2018. Greatest soil microbial diversity found in micro-habitats. Soil Biology & 
Biochemistry. 118: 217-226. doi:10.1016/j.soilbio.2017.12.018  

Baert, G. & E. van Ranst. 1998. exchange properties of highly weathered soil of the 
lower Congo. Malaysian Journal of Soil Science. 2: 31-44. 

Bakar, R.A., S.Z. Darus, S. Kulaseharan & N. Jamaluddin. 2011. Effects of ten year 
application of empty fruit bunches in an oil palm plantation on soil chemical 
properties. Nutrient Cycling in Agroecosystems. 89 (3): 341-349. 
doi:10.1007/s10705-010-9398-9 

Bakosurtanal. 1988. Peta/Legenda Land System and Land Suitability 1:250.000 
Lembar Larompong Sulawesi 2112 dan Raha Sulawesi 2211. RePPProT 
Series. Cibinong Bogor. 

Bakosurtanal. 1992. Peta Rupa Bumi Indonesia 1:50.000 Lembar 2112-24 Lasusua 
dan 2211-53 Motaha. Badan Koordinasi Survey dan Pemetaan Nasional. 
Cibinong Bogor. 

Balai Penelitian Tanah. 2004. Petunjuk Teknis Pengamatan Tanah. Puslitbangtanak  
Badan Litbang Pertanian Deptan. Bogor. 117 p. 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Balai Penelitian Tanah. 2009. Petunjuk Teknis Analisis Kimia Tanah, Tanaman, Air, 
dan Pupuk. Balai Besar Litbang Sumberdaya Lahan Pertanian, Badan Litbang 
Pertanian Deptan. Bogor. 136 p. 

Balasundram, S.K., P.C. Robert, D.J. Mulla & D.L. Allan. 2006. Relationship between 
oil palm yield and soil fertility as affected by topography in an Indonesian 
plantation. Communications in Soil Science and Plant Analysis. 37 (9-10): 
1321-1337. doi:10.1080/00103620600626817 

Balemi, T. & K. Negisho. 2012. Management of soil phosphorus and plant adaptation 
mechanisms to phosphorus stress for sustainable crop production: a 
review. Journal of Soil Science and Plant Nutrition. 12 (3): 547-562. 
doi:10.4067/S0718-95162012005000015 

Bali, I., A. Ahmad & C. Lopulisa. 2018. Identifikasi mineral pembawa hara untuk 
menilai potensi kesuburan tanah. Jurnal Ecosolum, 7(2): 81-100. 
doi.10.20956/ecosolum v7i2.6880 

Banabas, M., M.A. Turner, D.R. Scotter & P.N. Nelson. 2008. Losses of nitrogen 
fertiliser under oil palm in Papua New Guinea: 1. Water balance, and nitrogen 
in soil solution and runoff. Australian Journal of Soil Research. 46 (4): 332-339. 
doi:10.1071/sr07171 

Bangira, C., 2010. Mineralogy and geochemistry of soils of Ultramafic origin from The 
Great Dyke, Zimbabwe and Gillespie County, Texas. Texas A&M University. 
UMI 3446696. Disertasi.  

Bani, A., G. Echevarria, E. Montargès-Pelletier, F. Gjoka, S. Sulçe & J.L. Morel. 2014. 
Pedogenesis and nickel biogeochemistry in a typical Albanian ultramafic 
toposequence. Environ Monit Assess. 186: 4431-4442. doi:10.1007/s10661-
014-3709-6 

Barcelos, E., S.A. Rios, R.N.V. Cunha, R. Lopes, S.Y. Motoike, E. Babiychuk, A. 
Skirycz & S. Kushnir. 2015. Oil palm natural diversity and the potential for yield 
improvement. Frontiers in Plant Science. 6: 190. doi:10.3389/fpls.2015.00190 

Barisda. 2005. Survei Data Dasar Pewilayahan Komoditas di Kabupaten Buton, 
Konawe dan Konawe Selatan. Badan Riset Daerah Propinsi Sulawesi 
Tenggara. Kendari. 

Barthès, B.G., E. Kouakoua, M.-C. Larré-Larrouy, T.M. Razafimbelo, E.F. de Luca, … 
& C.L. Feller. 2008. Texture and sesquioxide effects on water-stable 
aggregates and organic matter in some tropical soils. Geoderma. 143: 14-25. 
doi:10.1016/j.geoderma.2007.10.003 

Baskan, O., O. Dengiz & A. Gunturk. 2016. Effects of toposequence and land use-
land cover on the spatial distribution of soil properties. Environ Earth Sci. 75: 
448. doi:10.1007/s12665-016-5301-6 

Beaumelle, L., D. Vile, I. Lamy, F. Vandenbulcke, F. Gimbert & M. Hedde. 2016. A 
structural equation model of soil metal bioavailability to earthworms: 
confronting causal theory and observations using a laboratory exposure to 
field-contaminated soils. Science of the Total Environment. 569-570: 961-972. 
doi:10.1016/j.scitotenv.2016.06.023 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Becquer, T., C. Quantin, S. Rotte-Capet, J. Chanbaja, C. Mustin & A.J. Hebillon. 2006. 
Sources of trace metals in Ferrasols in New Caledonia. European Journal of 
Soil Science. 57 (2): 200-213. doi:10.1111/j.1365-2389.2005.00730.x  

Becquer, T., J. Petard, C. Duwig, E. Bourdon, R. Moreau & .J. Herbillon. 2001. 
Mineralogical, chemical and charge properties of Geric Ferralsols from New 
Caledonia. Geoderma. 103 (3-4): 291-306. doi:10.1016/S0016-
7061(01)00045-3 

Behera, S.K.,  K. Suresh, B.N. Rao, K. Manoja & K. Manorama. 2016a. Soil nutrient 
status and leaf nutrient norms in oil palm (Elaeis guineensis Jacq.) plantations 
grown in the West Coastal Area of India. Communications in Soil Science and 
Plant Analysis. 47 (2): 255-262. doi:10.1080/00103624.2015.1118120 

Behera, S.K., K. Suresh, B.N. Rao, K. Ramachandrudu, K. Manorama & P. 
Harinarayana. 2017. Soil fertility and yield-limiting nutrients in oil palm 
plantations of north-eastern state Mizoram of India. Journal of Plant Nutrition. 
40 (8): 1165-1171. doi:10.1080/01904167.2016.1264592 

Behera, S.K., B.N. Rao, K. Suresh, K. Ramachandrudu & Manorama. 2016b. Soil 
fertility, leaf nutrient concentration and yield limiting nutrients in oil palm (Elaeis 
guineensis) plantations of Surat district of Gujarat. Indian Journal of 
Agricultural Sciences. 86 (3): 409-413. 

Bessou, C., A. Verwilghen, L. Beaudoin-Ollivier, R. Marichal, J. Ollivier, V. Baron, … 
& J.-P. Caliman. 2017. Agroecological practices in oil palm plantations: 
examples from the field. OCL. 24 (3): D305. doi:10.1051/ocl/2017024 

Bindraban, P.S., J.J. Stoorvogel, D.M. Jansen, J. Vlaming & J.J.R. Groot. 2000. Land 
quality indicators for sustainable land management: proposed method for yield 
gap and soil nutrient balance. Agriculture, Ecosystems & Environment. 81 (2): 
103-112. doi:10.1016/S0167-8809(00)00184-5 

Birkeland, P.W. 1974. Pedology, Waethering and Geomorphological Research. 
Oxford University Press. New York. 285 p. 

Bisht, D., S. Jain & M.M. Raju. 2013. Prediction of water table elevation fluctuation 
through fuzzy logic & artificial neral networks. International Journal of 
Advanced Science and Technology. 51: 107-119. 

Blach-Overgaard, A., J.C. Svenning, J. Dransfield, M. Greve & H. Balslev. 2010. 
Determinants of palm species distributions across Africa: the relative roles of 
climate, non-climatic environmental factors, and spatial constraints. 
Ecography. 33: 380-391. doi:10.1111/j.1600-0587.2010.06273.x  

Blanco-Canqui, H. & S.J. Ruis. 2020. Cover crop impacts on soil physical properties: 
A review. Soil Science Society of America Journal. 84: 1527-1576. 
doi:10.1002/saj2.20129  

Bodner, G., A. Nakhforoosh & H.-P. Kaul. 2015. Management of crop water under 
drought: a review. Agronomy for Sustainable Development. 35 (2): 401-442. 
doi:10.1007/s13593-015-0283-4  

Bohluli, M. 2014. Effectiveness of silt pit as a soil, water and nutrient conservation 
method in non-terraced oil palm plantations. PhD thesis, Universiti Putra 
Malaysia. 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Bohluli, M., C.B.S. Teh, M.H.A. Husni & A.R. Zaharah. 2012. The effectiveness of silt 
pit as a soil, nutrient and water conservation method in non-terraced oil palm 
plantations. Proceedings of the Soil Science Conference of Malaysia 2012. 
138-144. 

Boix-Fayos, C., A. Calvo-Cases & A.C. Imeson. 2001. Influence of soil properties on 
the aggregation of some Mediterranean soils and the use of aggregate size 
and stability as land degradation indicators. Catena. 44 (1): 47-67. 
doi:10.1016/s0341-8162(00)00176-4  

Bölscher, T., J. Koestel, A. Etana, B. Ulén, K. Berglund & M. Larsbo. 2021. Changes 
in pore networks and readily dispersible soil following structure liming of clay 
soils. Geoderma. 390: 114948. doi: 10.1016/j.geoderma.2021.114948 

Bollen, K.A. 1989. Structural Equations with Latent Variables. Amerika: John Wiley & 
Sons, Inc. Canada. 530 p. 

Bonifacio, E., E. Zanini, V. Boero & M. Franchini-Angela. 1997. Pedogenesis in a soil 
catena on serpentinite in north-western Italy. Geoderma. 75 (1-2): 33-51. 
doi:10.1016/S0016-7061(96)00076-6 

Borowik, A. & Wyszkowska, J. 2016. Soil moisture as a factor affecting the 
microbiological and biochemical activity of soil. Plant, Soil and Environment. 
62 (6): 250-255. doi:10.17221/158/2016-pse 

Bottinelli, N., P. Jouquet, Y. Capowiez, P. Podwojewski, M. Grimaldi & X. Peng. 2015. 
Why is the influence of soil macrofauna on soil structure only considered by 
soil ecologists?. Soil & Tillage Research. 146: 118-124. 
doi:10.1016/j.still.2014.01. 007 

BPS Badan Pusat Statistik. 2017. Berbagai Terbitan [Internet]. 
https://www.bps.go.id/publication/2017/.../statistik-kelapa-sawit-indonesia-
2016.html. (diakses 5 Februari 2018). 

Brearley, F.Q. 2005. Nutrient limitation in a Malaysian Ultramafic soil. Journal of 
Tropical Forest Science.17 (4): 596-609.  

Bronick, C.J. & R. Lal. 2005. Soil structure and management: a review. Geoderma. 
124 (1-2): 3-22. doi:10.1016/j.geoderma.2004.03.005 

Brooks, S.M., M.G. Anderson & A.J.C. Collison. 1995. Modelling the role of climate, 
vegetation and pedogenesis in shallow translational hillslope failure. Earth 
Surface Processes and Landforms. 20 (3): 231-242. 
doi:10.1002/esp.3290200305 

Brunner, A.C., S.J. Park, G.R. Ruecker, R. Dikau & P.L.C. Vlek. 2004. Catenary soil 
development influencing erosion susceptibility along hillslope in Uganda. 
Catena. 58 (1): 1-22. doi:10.1016/j.catena.2004.02.001 

Buol, S.W. & H. Eswaran. 1999. Oxisols. Advances in Agronomy. 68: 151-195. 
doi:10.1016/S0065-2113(08)60845-7 

Buol, S.W., R.J. Southard, R.C. Graham & P.A. McDaniel. 2011. Soil Genesis and 
Classification. John Wiley & Sons, Inc. Chicester. 543 p. 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Buring, P. 1993. Pengantar Pengajian Tanah-tanah wilayah Tropika dan Subtropika; 
diterjemahkan oleh Tejoyuwono Notohadiprawiro. Cet ke-3. Gadjah Mada 
University Press.  Yogyakarta. 164 p. 

Caliman, J.P. & A. Southworth. 1998. Effect of drought and haze on the performance 
of oil palm. International Oil Palm Conference: Commodity of the past, today 
and the future. IOPRI Bali. Indonesia. 

Callesen, i., K. Raulund-rasmussen, C.J.  Westman & I. Tau-Strand.  2007. Nitrogen 
pools and C:N ratios in well-drained nordic forest soils related to climate and 
soil texture. Boreal Environment Research. 12: 681-692. 

Cameron, K.C., H.J. Di & J.L. Moir. 2013. Nitrogen losses from the soil/plant system: 
a review. Annals of Applied Biology. 162 (2): 145-173. doi:10.1111/aab.12014  

Caravaca, F., T. Hernandez, C. Garcia & A. Roldan. 2002. Improvement of 
rhizosphere aggregate stability of afforested semiarid plant species subjected 
to mycorrhizal inoculation and compost addition. Geoderma. 108: 133-144. 
doi:10.1016/s0016-7061(02)00130-1  

Cardoso, E.J.B.N., R.L.F. Vasconcellos, D. Bini, M.Y.H. Miyauchi,  C.A. dos Santos, 
P.R.L. Alves, … & M.A. Nogueira. 2013. Soil health: looking for suitable 
indicators. What should be considered to assess the effects of use and 
management on soil health?. Scientia Agricola. 70 (4): 274-289. 
doi:10.1590/s0103-90162013000400009 

Carr, M.K.V. 2011. The water relations and irrigation requirement of oil palm (Elaeis 
guineensis): a review. Experimental Agriculture. 47 (4): 629-652. 
doi:10.1017/s0014479711000494  

Certini, G. & R. Scalenghe. 2006. Soils : Basic Concepts and Future Challenges. 
Cambridge University Press. New York. 310 p. 

Chakraborty, K. & B. Mistri. 2015. Importance of soil texture in sustenance of 
agriculture: a study in Burdwan-I C. D. Block, Burdwan, West Bengal. Eastern 
Geographer. XXI (1): 475-482. 

Chardot, V., G. Echevarria, M. Gury, S. Massoura & J.L. Morel. 2007. Nickel 
bioavailability in an ultramafic toposequence in the Vosges Mountains. Plant 
Soil.  293: 7-21. doi:10.1007/s 11104-007-9261-1 

Chen, B., E. Liu, Q. Tian, C. Yan & Y. Zhang. 2014. Soil nitrogen dynamics and crop 
residues. A review. Agronomy for Sustainable Development. 34 (2): 429-442. 
doi:10.1007/s13593-014-0207-8 

Chen, X., Y. Wang, Z. Cai, C. Wu & C. Ye. 2020. Effects of land-use and land-cover 
change on nitrogen transport in Northern Taihu Basin, China during 1990–
2017. Sustainability. 12 (9): 3895. doi:10.3390/su12093895  

Cheng, C.-H., S.-H. Jien, Y. Iizuka, H. Tsai, Y.-H. Chang & Z.-Y. Hseu. 2011. 
Pedogenic chromium and nickel partitioning in serpentine soils along a 
toposequence. Soil Science Society of America Journal. 75: 659-668. 
doi:10.2136/sssaj2010.0007 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Chirinda, N., L. Elsgaard, I.K. Thomsen, G. Heckrath & J.E. Olesen. 2014. Carbon 
dynamics in topsoil and subsoil along a cultivated toposequence. Catena.  120: 
20-28. doi:10.1016/j.catena.2014.03.014 

Colantoni, A., L. Delfanti, F. Recanatesi, M. Tolli & R. Lord. 2016. Land use planning 
for utilizing biomass residues in Tuscia Romana (central Italy): Preliminary 
results of a multi criteria analysis to create an agro-energy district. Land Use 
Policy. 50: 125-133. doi:10.1016/j.landusepol.2015.09.012 

Comte, I., F. Colin, J.K. Whalen, O. Grunberger & J.P. Caliman. 2012. Agricultural 
practices in oil palm plantations and their impact on hydrological changes, 
nutrient fluxes and water quality in Indonesia: a review. Advances in 
Agronomy. 116: 71-124. doi:10.1016/b978-0-12-394277-7.00003-8 

Cools, N., L. Vesterdal, B. De Vos, E. Vanguelova & K. Hansen. 2014. Tree species 
is the major factor explaining C:N ratios in European forest soils. Forest 
Ecology and Management. 311: 3-16. doi:10.1016/j.foreco.2013.06.047  

Corley, R.H.V. & P.B. Tinker. 2016. The Oil Palm. John Wiley & Sons, fifth ed. New 
York. doi:10.1002/9781118953297 

Corley, R.H.V. 2009. How much palm oil do we need?. Environmental Science & 
Policy. 12 (2): 134-139. doi:10.1016/j.envsci.2008.10.011 

Cornell, R.M. & U. Schwertmann. 2006. The Iron Oxides: Structure, Properties, 
Reactions, Occurrences and Uses. Weinheim, John Wiley & Sons. 703 p. 

Czarnes, S., P.D. Hallett, A.G. Bengough & I.M. Young. 2000. Root- and microbial-
derived mucilages affect soil structure and water transport. European Journal 
of Soil Science. 51: 435-443. doi:10.1046/j.1365-2389.2000.00327.x  

Damon, P.M., B. Bowden, T. Rose & Z. Rengel. 2014. Crop residue contributions to 
phosphorus pools in agricultural soils: A review. Soil Biology & Biochemistry. 
74: 127-137. doi:10.1016/j.soilbio.2014.03.003  

Dariah, A. & S. Nurzakiah. 2013.  Pengelolaan Tata Air Lahan Gambut. Chapter 
Panduan Pengelolaan Berkelanjutan Lahan Gambut Terdegradasi. 30-46 p.  

Dariah, A. U. Haryati & T. Budhyastoro. 2005. Teknologi Konservasi Tanah Mekanik. 
Chapter Teknologi Konservasi Tanah Mekanik. 103-126 p.  

Darlan, N.H., I. Pradiko, Winarna & H.H. Siregar. 2016. Dampak El Niño 2015 
terhadap performa tanaman kelapa sawit di sumatera bagian tengah dan 
selatan. Jurnal Tanah dan Iklim. 40 (2): 113-120. 

Darmosarkoro, W., I.Y. Harahap & E. Syamsuddin. 2001. Pengaruh kekeringan pada 
tanaman kelapa sawit dan upaya penanggulangannya. Warta PPKS. 9 (3): 83-
96. 

Darusman, Devianti & E. Husen. 2018.  Improvement of soil physical properties of 
cambisol using soil amendment. Aceh International Journal of Science and 
Technology. 7( 2): 93-102. doi:10.13170/aijst.7.2.10119 

Debosz, K., S.O. Petersen, L.K. Kure & P. Ambus. 2002. Evaluating effects of sewage 
sludge and household compost on soil physical, chemical and microbiological 
properties. Applied Soil Ecology. 19: 237-248. doi:10.1016/s0929-
1393(01)00191-3  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Delgado-Baquerizo, M., P. García-Palacios, R. Milla, A. Gallardo & F.T. Maestre. 
2015. Soil characteristics determine soil carbon and nitrogen availability during 
leaf litter decomposition regardless of litter quality. Soil Biology & Biochemistry. 
81: 134-142. doi:10.1016/j.soilbio.2014.11.009 

Dengiz, O., S. Ic & F.E. Sarioglu. 2011. Physico-chemical and morphological 
properties of soils for Castanea sativa in the Central Black Sea 
Region. International Journal of Agricultural Research. 6: 410-419. 
doi:10.3923/ijar.2011.410.419 

Derak, M., J. Cortina & L. Taiqui. 2017. Integration of stakeholder choices and multi-
criteria analysis to support land use planning in semiarid areas. Land Use 
Policy. 64: 414-428. doi:10.1016/j.landusepol.2017.03.006 

Devianti, Y. Yunus, R. Bulan, D. Sartika & A. Sitorus. 2020. Silt pit application in 
tropical palm dates plantation: Case study in Aceh Province, Indonesia. 
International Journal of Scientific & Technology Research. 9 (10): 42-48. 

Dilek, Y. & H. Furnes. 2009. Structure and geochemistry of Tethyan ophiolites and 
their petrogenesis in subduction rollback systems. Lithos. 113 (1-2): 1-20.  
doi:10.1016/j.lithos.2009.04.022 

Dionizio, E. & M. Costa. 2019. Influence of land use and land cover on hydraulic and 
physical soil properties at the Cerrado Agricultural Frontier. Agriculture. 9 (1): 
24. doi:10.3390/agriculture9010024  

Dislich, C., A.C. Keyel, J. Salecker, Y. Kisel, K.M.. Meyer, M. Auliya, M., … & K. 
Wiegand. 2016. A review of the ecosystem functions in oil palm plantations, 
using forests as a reference system. Biological Reviews. 92 (3): 1539-1569. 
doi:10.1111/brv.12295  

Djaenudin, D., Marwan, H. Subagjo & H. Hidayat. 2011. Petunjuk Teknis Evaluasi 
Lahan untuk Komoditas Pertanian. BBSDLP, BALITBANG. Bogor. 

Don, A., J. Schumacher & A. Freibauer. 2010. Impact of tropical land-use change on 
soil organic carbon stocks - a meta-analysis. Global Change Biology. 17 (4): 
1658-1670. doi:10.1111/j.1365-2486.2010.02336.x  

Donough, C., C. Witt & T. Fairhurst. 2009. Yield intensification in oil palm plantations 
through best management practice. Better Crops. 93 (1): 12-14.  

Dubey, M., V.K. Verma, R.D. Barpete & N. Verma. 2019. Effect of biofertilizers on 
growth of different crops: A review. Plant Archives. 19 (1): 1083-1086. 

Dubos, B., V. Baron, X. Bonneau, A. Flori & J. Ollivier. 2017. High soil calcium 
saturation limits use of leaf potassium diagnosis when KCl is applied in oil palm 
plantations. Experimental Agriculture. 1-11. doi:10.1017/s0014479717000473  

Dubos, B., W.H. Alarcón, J.E. López & J. Ollivier. 2010. Potassium uptake and 
storage in oil palm organs: the role of chlorine and the influence of soil 
characteristics in the Magdalena valley, Colombia. Nutrient Cycling in 
Agroecosystems. 89 (2): 219-227. doi:10.1007/s10705-010-9389-x  

Dubos, B. & D. Snoeck. 2018. Maintaining soil health in oil palm cultivation. Chapter 
taken from: Rival, A. (ed.), Achieving sustainable cultivation of oil palm Volume 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



1: Introduction, breeding and cultivation techniques. Burleigh Dodds Science 
Publishing, Cambridge, UK. doi:10.19103/AS.2017.0018.32 

Duiker, S.W., F.E. Rhoton, J. Torrent, N.E. Smeck & R. Lal. 2003. Iron (hydr)oxide 
crystallinity effects on soil aggregation. Soil Science Society of America 
Journal. 67 (2): 606. doi:10.2136/sssaj2003.6060  

Ebrahimian, M., A.A.B. Nuruddin, Moh. Amin B. Mohd. Soom, A. Mohd. Sood & L.J. 
Neng. 2012. Runoff estimation in step slope watershed with standard and 
slope-adjusted curve number method. Polish Journal of Environmental 
Studies. 21 (5): 1191-1202. 

Echevarria, G. 2018. Genesis and behaviour of ultramafic soils and consequences 
for nickel biogeochemistry. In: Van der Ent A., Echevarria G., Baker A., Morel 
J. (eds) Agromining: Farming for Metals. Mineral Resource Reviews. 135-
156. doi:10.1007/978-3-319-61899-9_8 

Eisenhauer, N., M.A. Bowker, J.B. Grace & J.R. Powell. 2015. From patterns to causal 
understanding: Structural equation modeling (SEM) in soil ecology. 
Pedobiologia. 58: 65-72. doi:10.1016/j.pedobi.2015.03.002 

Elfidiah & K.A. Roni. 2019.  Liquid waste of palm oil plantations as liquid fertilizer. J. 
Comput. Theor. Nanosci. 16 (12): 5166-5170. doi:10.1166/jctn.2019.8580 

El-Naggar, A., S.S. Lee, J. Rinklebe, M. Farooq, H. Song, A.K. Sarmah, … & Y.S. Ok. 
2019. Biochar application to low fertility soils: A review of current status, and 
future prospects. Geoderma. 337: 536-554. 
doi:10.1016/j.geoderma.2018.09.034 

Embrandiri, A., R.P. Singh, H.M. Ibrahim & A.A. Ramli. 2012. Land application of 
biomass residue generated from palm oil processing: its potential benefits and 
threats. Environmentalist. 32 (1): 111-117. doi:10.1007/s10669-011-9367-0 

Emerson, W.W. & D. McGarry. 2003. Organic carbon and soil porosity. Australian 
Journal of Soil Research. 41 (1): 107. doi:10.1071/sr01064  

Enkova L.K. & M. Urik. 2012. Soil moisture and its effect on bulk density and porosity 
of intact aggregates of three Mollic soils. Indian Journal of Agricultural 
Sciences. 82 (2): 172-176. 

Estrade, N., C. Cloquet, G. Echevarria, T. Sterckeman, T.H.B. Deng, Y.T. Tang & J.L. 
Morel. 2015. Weathering and vegetation controls on nickel isotope 
fractionation in surface ultramafic environments (Albania). Earth and Planetary 
Science Letters. 423: 24-25.  doi:10.1016/j.epsl.2015.04.018 

Evans, A.M. 1993. Ore Geology and Industrial Minerals. Blackwell Scientific 
Publications. Oxford. 390 p.  

Fageria, N.K.  2012. Role of soil organic matter in maintaining sustainability of 
cropping systems. Communications in Soil Science and Plant Analysis. 43: 
2063-2113. doi:10.1080/00103624.2012.697234 

Fageria, N.K. & A. Moreira. 2011. The role of mineral nutrition on root growth of crop 
plants. Advances in Agronomy. 110: 251-331. doi:10.1016/B978-0-12-385531-
2.00004-9 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Fageria, N.K., V.C. Baligar & Y.C. Li. 2008. The role of nutrient efficient plants in 
improving crop yields in the twenty first century. Journal of Plant Nutrition. 31: 
1121-1157. doi:10.1080/01904160802116068 

Fairhurst, T. & D. McLaughlin. 2009. Sustainable Oil Palm Development on Degraded 
Land in Kalimantan. World Wildlife Fund. 9 p. 

Fairhurst, T. & W. Griffiths. 2014. Oil Palm: Best Management Practices for Yield 
Intensification. International Plant Nutrition Institute (IPNI), Singapore. 180 p. 

Fairhurst, T.H. & E. Mutert. 1999. Interpretation and management of oil palm leaf 
analysis data. Better Crops International. 13 (1): 48-51. 

Fan, J., B. McConkey, H. Wang, & H. Janzen. 2016. Root development by depth for 
temperate agricultural crops. Field Crops Research. 189: 68-74. 
doi:10.1016/j.fcr.2016.02.013 

Fang, H., H. Zhou, G.J. Norton, A.H. Price, A.C. Raffan, S.J. Mooney, X.H. Peng & 
P.D. Hallett. 2018. Interaction between contrasting rice genotypes and soil 
physical conditions induced by hydraulic stresses typical of alternate wetting 
and drying irrigation of soil. Plant Soil. 430: 233-243. doi:10.1007/s11104-018-
3715-5 

Fanning, D.S. & M.C.B. Fanning. 1989. Soil Morphologi, Genesis, and Classification. 
John Wiley and Sons. Canada. 395 p.  

FAO. 2006. Guidelines for Soil Description. Fourth edition. Food and Agriculture 
Organization of the United Nations. Rome. 97 p. 

Fernández, S., S. Seoane & A. Merino. 1999. Plant heavy metal concentrations and 
soil biological properties in agricultural serpentine soils. Communications in 
Soil Science and Plant Analysis. 30 (13-14): 1867-1884.  
doi:10.1080/00103629909370338 

Firth, A.G., B.H. Baker, J.P. Brooks, R. Smith, R.B. Iglay & J.B. Davis. 2020. Low 
external input sustainable agriculture: Winter flooding in rice fields increases 
bird use, fecal matter and soil health, reducing fertilizer requirements. 
Agriculture, Ecosystems & Environment. 300: 106962. 
doi:10.1016/j.agee.2020.106962  

Foong, S.Z.Y., C.K.M. Goh, C.V. Supramaniam & D.K.S. Ng. 2019. Input–output 
optimisation model for sustainable oil palm plantation development. 
Sustainable Production and Consumption. 17: 31-46 
doi:10.1016/j.spc.2018.08.010  

Foster, H.L. 2003. Assessment of oil palm fertilizer requirements. In Oil Palm: 
Management for Large and Sustainable Yields, pp. 231–278. Eds T. Fairhurst 
and R. Härdter. Singapore: Potash & Phosphate Institute of Canada and 
International Potash Institute. 

Foth, H.D. 1991. Dasar-dasar Ilmu Tanah Edisi Ketujuh. Gadjah Mada University 
Press. Yogyakarta. 782 p. 

Fu, B.J., Q.H. Meng, Y. Qiu, W.W. Zhao, Q.J. Zhang & D.A. Davidson. 2004. Effects 
of land use on soil erosion and nitrogen loss in the hilly area of the Loess 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Plateau, China. Land Degradation & Development. 15 (1): 87-96. 
doi:10.1002/ldr.572  

Fu, W., J. Yang, M. Yang, B. Pang, X. Liu, H. Niu & X Huang. 2014. Mineralogical and 
geochemical characteristics of a serpentinite-derived laterite profile from East 
Sulawesi, Indonesia: Implications for the lateritization process and Ni 
supergene enrichment in the tropical rainforest. Journal of Asian Earth 
Sciences. 93: 74-88. doi:10.1016/j.jseaes.2014.06.030 

Fuady, Z., H. Satriawan & N. Mayani. 2014. Aliran permukaan, erosi dan hara 
sedimen akibat tindakan konservasi tanah vegetatif pada kelapa sawit. Sains 
Tanah, Jurnal Ilmu Tanah dan Agroklimatologi. 11 (2): 95-103. 

Galey, M.L., A. van der Ent, M.C.M. Iqbal & N. Rajakaruna. 2017. Ultramafic 
geoecology of South and Southeast Asia. Botanical Studies. 58 (1). 
doi:10.1186/s40529-017-0167-9  

Gama-Rodrigues, A.C., M.V.S. Sales, P.S.D. Silva, N.B. Comerford, W.P. Cropper & 
E.F. Gama-Rodrigues. 2014. An exploratory analysis of phosphorus 
transformations in tropical soils using structural equation modeling. 
Biogeochemistry. 118: 453-469. doi:10.1007/s10533-013-9946-x 

Gao, W., L. Hodgkinson, K. Jin, C.W. Watts, R.W. Ashton, J. Shen, … & W.R. 
Whalley. 2016. Deep roots and soil structure. Plant, Cell & Environment. 39 
(8): 1662-1668. doi:10.1111/pce.12684 

GAPKI Gabungan Pengusaha Kelapa Sawit Indonesia. 2018. Refleksi Industri Kelapa 
Sawit 2017 dan Prospek 2018. https://gapki.id/news/4140/refleksi-industri-
kelapa-sawit-2017-dan-prospek-2018. (diakses 5 Februari 2018). 

Garnier, J., C. Quantin, E. Guimarães, V.K. Garg, E.S. Martins & T. Becquer. 2009. 
Understanding the genesis of ultramafic soils and catena dynamics in 
Niquelândia, Brazil. Geoderma 151 (3-4): 204-214. 
doi:10.1016/j.geoderma.2009.04.020 

Garnier, J., C. Quantin, S. Raous, E. Guimarães & T. Becquer. 2021. Field availability 
and mobility of metals in Ferralsols developed on ultramafic rock of 
Niquelândia, Brazil. Brazilian Journal of Geology. 51 (1): e20200092. 
doi:10.1590/2317-4889202120200092 

Ghaemi, M., A. Astaraei, H. Emami, M.N. Mahalati & S. Sanaeinejad. 
2014. Determining soil indicators for soil sustainability assessment using 
principal component analysis of astan quds- east of mashhad- Iran. Journal of 
Soil Science and Plant Nutrition. 14 (4): 987-1004. doi:10.4067/s0718-
95162014005000077  

Gill, R. 2010. Igneous Rock and Processes: A Practical Guide. Wiley-Blackwell. 
Chichester. 440 p.  

Ginting, E.N. 2020. Pentingnya bahan organik untuk meningkatkan efisiensi dan 
efektivitas pemupukan di perkebunan kelapa sawit. Warta PPKS. 25 (3): 139-
154. 

Ginting, E.N., A. Sutandi, B. Nugroho & L.T. Indriyati. 2013. Rasio dan kejenuhan 
hara K, Ca, Mg di dalam tanah untuk tanaman kelapa sawit (Elaeis guineensis 
Jacq). Jurnal Tanah dan Lingkungan. 15 (2): 60-65. 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Gmach, M.R., M.R. Cherubin, K. Kaiser & C.E.P. Cerri. 2020. Processes that 
influence dissolved organic matter in the soil: a review. Scientia Agricola. 77 
(3): e20180164. doi:10.1590/1678-992x-2018-0164 

Goff, F. & Lackner. 1998. Carbon dioxide sequestering using ultramafic rocks. 
Environmental Geosciences. 5 (3): 89-101.  

Goh, K.J. 2005. Fertilizer recommendation systems for oil palm: estimating the 
fertilizer rates. In Proceedings of MOSTA Best Practices Workshops: 
Agronomy and Crop Management, March to August 2004, pp. 235-268. Eds 
C.P. Soon and T.Y. Pau. Petaling Jaya, Malaysia: Malaysian Oil Scientists’ and 
Technologists’ Association. 

Goh, K.J. & R. Härdter. 2003. General oil palm nutrition. In Oil Palm: Management for 
Large and Sustainable Yields, pp. 191–230. Eds T. Fairhurst and R. Härdter. 
Singapore: Potash & Phosphate Institute of Canada and International Potash 
Institute. 

Gonzalez, F.L., M.M. Hernandez-Serrano, J.D. Etchevers, F. Payan-Zelaya & V. 
Ordaz-Chaparro. 2000. Short-term compost effect on macroaggregation in a 
sandy soil under low rainfall in the valley of Mexico. Soil & Tillage Research. 
56: 213-217. doi:10.1016/s0167-1987(00)00127-6  

Gough, L., G.R. Shaver, J. Carroll, D.L. Royer & J.A. Laundre. 2000. Vascular plant 
species richness in Alaskan arctic tundra: the importance of soil pH. Journal of 
Ecology. 88 (1): 54-66. doi:10.1046/j.1365-2745.2000.00426.x  

Gordon, W.S. & R.B. Jackson. 2000. Nutrient concentrations in fine roots. Ecology. 
81 (1): 275. doi:10.2307/177151  

Grace, J.B. 2006. Structural Equation Modeling and Natural Systems. Cambridge 
University Press. New York. 

Grace, J.B., D.R. Schoolmaster Jr., G.R. Guntenspergen, A.M. Little, B.R. Mitchell, 
K.M. Miller & E.W. Schweiger. 2012. Guidelines for a graph-theoretic 
implementation of structural equation modeling. Ecosphere 3 (8): 73.  
doi:10.1890/ES12-00048.1 

Graham, R.C. & A.T. O'Geen. 2010. Soil mineralogy trends in California Landscapes. 
Geoderma. 154 (3-4): 418-437.  doi:10.1016/j.geoderma.2009.05.018 

Grant, J.C., J.D. Nichols, R.L. Yao, R.G.B. Smith, P.D. Brennan & J.K. Vanclay. 
2012. Depth distribution of roots of Eucalyptus dunnii and Corymbia citriodora 
subsp. variegata in different soil conditions. Forest Ecology and Management. 
269: 249-258. doi:10.1016/j.foreco.2011.12.033  

Grant, W.E., E.K. Pedersen & S.L. Marin. 2003. Ecology and natural resources 
management, system analisys and simulation. John Wiley & Sons, Inc. 
Toronto. 373 p. 

Gromikora, N., S. Yahya & Suwarto. 2014. Permodelan pertumbuhan dan produksi 
kelapa sawit pada berbagai taraf penunasan pelepah. Jurnal Agronomi 
Indonesia. 42 (3): 228-235. doi:10.24831/jai.v42i3.9179 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Grosbellet, C., L. Vidal-Beaudet, V. Caubel & S. Charpentier. 2011. Improvement of 
soil structure formation by degradation of coarse organic matter. Geoderma. 
162 (1-2): 27-38. doi:10.1016/j.geoderma.2011.01.003  

Grosso, F., E. Bååth & F. De Nicola. 2016. Bacterial and fungal growth on different 
plant litter in Mediterranean soils: Effects of C/N ratio and soil pH. Applied Soil 
Ecology. 108: 1-7. doi:10.1016/j.apsoil.2016.07.020  

Guarini, M., F. Battisti & A. Chiovitti. 2018. A Methodology for the selection of multi-
criteria decision analysis methods in real estate and land management 
processes. Sustainability. 10 (2): 507. doi:10.3390/su10020507  

Guignard, M.S., A.R. Leitch, C. Acquisti, C. Eizaguirre, J.J. Elser, D.O. Hessen, … & 
I.J. Leitch. 2017. Impacts of nitrogen and phosphorus: From genomes to 
natural ecosystems and agriculture. Frontiers in Ecology and Evolution. 5. 
doi:10.3389/fevo.2017.00070  

Gutschick, V.P. 1997. Photosynthesis, growth rate, and biomass allocation. Ecology 
in Agriculture. 39-78. doi:10.1016/b978-012378260-1/50003-8 

Guzman, J.G. & M.M. Al-Kaisi. 2011. Landscape position effect on selected soil 
physical properties in southcentral lowa. Journal of Soil and Water 
Conservation. 66 (3): 183-191. doi:10.2489/jswc.66.3.183.  

Hafsi, C., A. Debez & C. Abdelly. 2014. Potassium deficiency in plants: effects and 
signaling cascades. Acta Physiologiae Plantarum 36 (5): 1055-1070. 
doi:10.1007/s11738-014-1491-2  

Hair, J.F., C.M. Ringle & M. Sarstedt. 2011. PLS-SEM: Indeed a Silver Bullet. Journal 
of Marketing Theory and Practice. 19 (2): 139-152. doi:10.2753/mtp1069-
6679190202 

Hair, J.F., G.T.M. Hult, C.M. Ringle & M. Sarstedt. 2017. A Primer on Partial Least 
Squares Structural Equation Modeling (PLS-SEM) 2nd ed. Sage. Los Angeles. 
374 p.  

Haluschak, P. 2006. Laboratory Methods of the Soil Analysis. Canada-Manitoba Soil 
Survey.132 p. 

Han, P., W. Zhang, G. Wang, W. Sun & Y. Huang. 2016. Changes in soil organic 
carbon in croplands subjected to fertilizer management: A global meta-analysis. 
Scientific Reports. 6 (1): 27199. doi:10.1038/srep27199 

Hanudin, E. 2000. Pedoman Analisis Kimia Tanah. Jurusan Tanah Faperta UGM. 
Yogyakarta. 70 p. 

Hanudin, E., 2011. Pendekatan agrogeologi dalam pemulihan lahan pertanian pasca 
erupsi merapi. Prosiding Seminar Nasional “Upaya Pemulihan Lahan Akibat 
Erupsi Gunung Api” Surakarta 26-27 April 2011. 

Harahap, I.Y. & W. Darmosarkoro. 1999. Pendugaan kebutuhan air untuk 
pertumbuhan kelapa sawit di lapang dan aplikasinya dalam pengembangan 
sistem irigasi. Jurnal Penelitian Kelapa Sawit. 7 (2) : 87-104.  

Harahap, I.Y. & M.E.S. Lubis. 2017. Assessment model muka air tanah pada 
pertanaman kelapa sawit di lahan berbukit. Jurnal Penelitian Kelapa Sawit. 25 
(2): 71-84. 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Hardjowigeno, S. 1993. Klasifikasi Tanah dan Pedogenesis. Akademika Pressindo. 
Jakarta. 

Hardjowigeno, S., Darmawan & Widiatmaka. 1989. Genesis dan Sifat-Sifat Mineralogi 
Tanah dengan Liat Aktivitas Rendah. LPPM IPB. Bogor. 

Hartman, K. & S.G. Tringe. 2019. Interactions between plants and soil shaping the 
root microbiome under abiotic stress. Biochemical Journal. 476: 2705-24. 
doi:10.1042/BCJ20180615 

Hashim, S., C.B.S.Teh & O.H. Ahmed. 2019. Influence of water table depths, nutrients 
leaching losses, subsidence of tropical peat soil and oil palm. Malaysian 
Journal of Soil Science. 23: 13-30. 

Hattar, B.I., A.Y. Taimeh & F.M. Ziadat. 2010. Variation in soil chemical properties 
along toposequences in an arid region of the Levant. Catena. 83: 34-45. 
doi:10.1016/j.catena.2010.07.002  

Hayawin, Z.N., H.P.S.A. Khalil, M. Jawaid, M.H. Ibrahim & A.A. Astimar. 2010. 
Exploring chemical analysis of vermicompost of various oil palm fibre wastes. 
Environmentalist. 30 (3): 273-278. doi:10.1007/s10669-010-9274-9  

Haynes, R.J. & R. Naidu. 1998. Influence of lime, fertilizer and manure applications 
on soil organic matter content and soil physical conditions: a review. Nutrient 
Cycling in Agroecosystems. 51: 123-137. doi:10.1023/A:1009738307837 

Heffer, P. 2013. Assessment of Fertilizer Use by Crop at the Global Level 2010-
2010/11. International Fertilizer Industry Association. Paris. 20 p. 

Helliwell, J.R., C.J. Sturrock, S. Mairhofer, J. Craigon, R.W. Ashton, A.J. Miller, W.R. 
Whalley & S.J. Mooney. 2017. The emergent rhizosphere: imaging the 
development of the porous architecture at the root-soil interface. Scientific 
Reports. 7 (1): 14875. doi:10.1038/s41598-017-14904-w  

Henseler, J., C.M. Ringle & R.R. Sinkovics. 2009. The use of partial least squares 
path modeling in international marketing. Adv. Int. Mark. 20: 277-319. 
doi:10.1108/s1474-7979(2009)0000020014  

Henson, I.E. & M.H. Harun. 2005. The influence of climatic conditions on gas and 
energy exchanges above a young oil palm stand in North Kedah, Malaysia. 
Journal of Oil Palm Research. 17: 73-91.  

Henson, I.E., M.H. Harun & K.C. Chang. 2008. Some observations on the effects of 
high water tables and flooding on oil palm, and a preliminary model of oil palm 
water balance and use in the presence of a high water table. Oil Palm Bulletin. 
56: 14-22. 

Henuk, Y.L., Hasnudi, Yunilas, N. Ginting, E. Mirwandhono, Hasanuddin, J. Ginting, 
… & M.M.J. Kapa. 2018. The integrated farming systems between cattle and 
oil palm plantation in Indonesia. Conference: 17th ADRI International 
Conference April 23-24, 2018, Grand Daffam Bela Ternate Hotel, Ternate-
Maluku Utara 

Hillel, D. 2008. Soil Formation. Soil in the Environment. 15-26. doi:10.1016/b978-0-
12-348536-6.50008-3  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Holilullah, Afandi & H. Novpriansyah. 2015. Karakterisitk sifat fisik tanah pada lahan 
produksi rendah. Jurnal Agrotek Tropika. 3 (2): 278-282. 

Holland, J.E., A.E. Bennett, A.C. Newton, P.J. White, B.M. McKenzie, T.S. George,  
… & C.R. Hayes. 2018. Liming impacts on soils, crops and biodiversity in the 
UK: A review. Science of the Total Environment. 610-611: 316-332. 
doi:10.1016/j.scitotenv.2017.08.020 

Holz, M. & J. Augustin. 2021. Erosion effects on soil carbon and nitrogen dynamics 
on cultivated slopes: A meta-analysis. Geoderma. 397: 115045. 
doi:10.1016/j.geoderma.2021.115045 

Hubbard, R.K., T.C. Strickland & S. Phatak. 2013. Effects of cover crop systems on 
soil physical properties and carbon/nitrogen relationships in the coastal plain 
of southeastern USA. Soil & Tillage Research. 126: 276-283. 
doi:10.1016/j.still.2012.07.009  

Hudson, B.D. 1995. Reaassesment of Polynov’s ion mobility series. Soil Science 
Society American Journal. 59 (4): 1101-1103. 
doi:10.2136/sssaj1995.03615995005900040022x   

Husnain & D. Nursyamsi. 2015. Peranan bahan organik dalam sistem integrasi sawit-
sapi. Jurnal Sumberdaya Lahan. 9 (1): 27-36. 

Hussain, S., Z. Fangwei, A. Siddiqi, Z. Ali & M. Shabbir. 2018. Structural equation 
model for evaluating factors affecting quality of social infrastructure projects. 
Sustainability. 10 (5): 1415. doi:10.3390/su10051415  

Husson, O. 2013. Redox potential (Eh) and pH as drivers of soil/plant/microorganism 
systems: a transdisciplinary overview pointing to integrative opportunities for 
agronomy. Plant Soil. 362: 389-417. doi:10.1007/s11104-012-1429-7 

Illston, B.G. & C.A. Fiebrich. 2017. Horizontal and vertical variability of observed soil 
temperatures. Geoscience Data Journal. 4 (1): 40-46. doi:10.1002/gdj3.47  

Indahyani, S., B. Sumawinata & Darmawan. 2017. Pengukuran retensi air tanah 
gambut menggunakan kombinasi three phase meter dan ceramic plate. Buletin 
Tanah dan Lahan. 1 (1): 109-114. 

Innangi, M., C. Menta, S. Pinto, T. Danise, F. d’ Alessandro & A. Fioretto. 
2018. Integrating chemical, biological and soil fauna variables during beech 
leaf litter decay: A partial least squares approach for a comprehensive view of 
the decomposition process. Applied Soil Ecology. 130: 69-78. 
doi:10.1016/j.apsoil.2018.05.023  

Iren, O.B. & U.C. Amalu. 2012. Forms and status of potassium in some soils 
supporting oil palm (Elaeis guineensis, Jacq) plantations in Cross River State, 
Nigeria. Communications in Soil Science and Plant Analysis. 43 (14): 1949-
1962. doi:10.1080/00103624.2012.689395 

Irmak, S., A.K. Surucu & I.H. Aydogdu. 2007. Effect of different parent material on the 
mineral characteristics of soil in the arid region of Turkey. Pakistan Journal of 
Biological Sciences. 10: 528-536. doi:10.3923/pjbs.2007.528.536 

IUSS Working Group WRB. 2015. World Reference Base for Soil Resources 2014 
update 1015. International soil classification system for naming soils and 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



creating legends for soil maps. World Soil Resources Report No. 106. FAO, 
Rome. 192 p. 

Ivanov, V.B. E.I. Bystrova & I.V. Seregin. 2003. Comparative impacts of heavy metals 
on root growth as related to their specificity and selectivity. Russian Journal of 
Plant Physiology. 50 (3): 398-406. doi:10.1023/a:1023838707715  

Jacinthe, P.A., R. Lal & J.M. Kimble. 2000. Carbon budget and seasonal carbon 
dioxide emission from a central Ohio Luvisol as influenced by wheat residue 
amendment. Soil & Tillage Research. 67 (2): 147-157. doi:10.1016/s0167-
1987(02)00058-2  

Jackson, R.B., J.S. Sperry & T.E. Dawson. 2000. Root water uptake and transport: 
using physiological predictions. Trends in Plant Science. 5 (11): 482-488. 
doi:10.1016/s1360-1385(00)01766-0   

Jacoby, R., M. Peukert, A. Succurro, A. Koprivova & S. Kopriva. 2017. The role of soil 
microorganisms in plant mineral nutrition—current knowledge and future 
directions. Frontiers in Plant Science. 8. doi:10.3389/fpls.2017.01617  

Jayaselan, H.A.J., N.M. Nawi, W.I.W. Ismail, A.R.M. Shariff, V.J. Rajah & X. 
Arulandoo. 2017. Application of Spectroscopy for Nutrient Prediction of Oil 
Palm. Journal of Experimental Agriculture International. 15 (3): 1-9. 
doi:10.9734/JEAI/2017/31502  

Jelsma, I., K. Giller & T. Fairhurst. 2009. Smallholder Oil Palm Production Systems in 
Indonesia: Lessons from the NESP Ophir Project. Wageningen University and 
Research centre, Wageningen. 105 p. 

Jelsma, I., L.S. Woittiez, J. Ollivier & A.H. Dharmawan. 2019. Do wealthy farmers 
implement better agricultural practices? An assessment of implementation of 
Good Agricultural Practices among different types of independent oil palm 
smallholders in Riau, Indonesia. Agricultural Systems. 170: 63-76. 
doi:10.1016/j.agsy.2018.11.004  

Jenny, H. 1941. Factors of Soil Formation. A System of Quantitative Pedology. 
McGraw-Hill Book Company, Inc. New York. 281 p. 

Jenny, H. 1980. The Soil Resource, Origin and Behaviour. Springer-Verlag. New 
York. 377 p. 

Jobbágy, E.G. & R.B. Jackson. 2001. The distribution of soil nutrients with depth: 
Global patterns and the imprint of plants. Biogeochemistry. 53 (1): 51-77. 
doi:10.1023/a:1010760720215  

Johnson, D.M., P.R.Hooper & R.M. Conrey. 1999. XRF analysis of rocks anf minerals 
for major and trace elements on a single low dilution Li-tetraborate fused bead. 
Advances ain X-Ray Analysis. 843-867.  

Jolliffe, I. T. & J. Cadima. 2016. Principal component analysis: a review and recent 
developments. Philosophical Transactions of the Royal Society A: 
Mathematical, Physical and Engineering Sciences. 374 (2065): 
20150202. doi:10.1098/rsta.2015.0202  

Jones Jr., J.B. 2001. Laboratory guide for conducting soil tests and plant analysis. 
CRC Press. Florida. 382 p.  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Jourdan, C. & H. Rey. 1997. Architecture and development of the oil-palm (Elaeis 
guineensis Jacq.) root system. Plant and Soil. 189 (1): 33-48. 
doi:10.1023/A:1004290024473 

Jourdan, C., N. Michaux-Ferrière & G. Perbal. 2000. Root system architecture and 
gravitropism in the oil palm. Annals of Botany. 85: 861-868. 
doi:10.1006/anbo.2000.1148 

Juhos, K., S. Szabó & M. Ladányi. 2015. Influence of soil properties on crop yield: a 
multivariate statistical approach. International Agrophysics. 29 (4): 433-440. 
doi:10.1515/intag-2015-0049  

Jungk, A. 2001. Root hairs and the acquisition of plant nutrients from soil. Journal of 
Plant Nutrition and Soil Science. 164 (2): 121-129. doi:10.1002/1522-
2624(200104)164:2<121::aid-jpln121>3.0.co;2-6  

Karim, A. 2008. Evaluasi kriteria kesesuaian lahan kelapa sawit di kebun baru PTPN-
1, Langsa. Agrista. 13 (3): 239-248. 

Kasno, A. & D. Subardja. 2010. Soil fertility and nutrient management on Spodosol 
for oil palm. Agrivita. 32 (3): 285-292. doi:10.17503/agrivita.v32i3.26 

Kataeva, M.N. 2013. Availability of elements in tundra soils on acidic and ultramafic 
rocks in the Polar Urals. Eurasian Soil Science. 46 (2): 158-167. 
doi:10.1134/S1064229313020075 

Katili, J.A. & P. Marks. 1963. Geologi. Departemen Jurusan Research Nasional. 
Jakarta. 855 p. 

Kerr, P.F. 1976 Optical Mineralogy: 4th (fourth) Edition Mcgraw-Hill College. New 
York. 

Kertonegoro, B.D., S.H. Suparnowo, S. Notohadisuwarno & S. Handayani. 1998. 
Panduan Analisis Fisika Tanah. Cetakan Kedua. Laboratorium Fisika Tanah 
Jurusan Tanah Faperta UGM. Yogyakarta. 82 p. 

Khairuddin, Md.N., A.J. Zakaria, I.Md. Isa, H. Jol, W.A.R. Wan-Mohd-Nazri & Md.K.S. 
Salleh. 2016. The potential of treated palm oil mill effluent (POME) sludge as 
an organic fertilizer. AGRIVITA Journal of Agricultural Science. 38 (2): 142-
154. doi:10.17503/agrivita.v38i2.753 

Khalid, S., M. Shahid, N.K. Niazi, B. Murtaza, I. Bibi & C. Dumat. 2017. A comparison 
of technologies for remediation of heavy metal contaminated soils. Journal of 
Geochemical Exploration. 182: 247-268. doi:10.1016/j.gexplo.2016.11.021  

Khalil, H.P.S.A., M.S. Hossain, E. Rosamah, N.A. Azli, N. Saddon, Y. Davoudpoura, 
… & R. Dungani. 2015. The role of soil properties and it’s interaction towards 
quality plant fiber: A review. Renewable and Sustainable Energy Reviews. 43: 
1006-1015. doi:10.1016/j.rser.2014.11.099   

Kharisun. 2003. Potensi Pengembangan Agrogeologi di Indonesia. Makalah 
dipresentasikan dalam “Seminar Nasional Agrogeologi” Senin, 14 Juni 2003. 
Universitas Jenderal Soedirman. Purwokerto. 

Kierczak, J., A Pietranik & A Pędziwiatr. 2021. Ultramafic geoecosystems as a natural 
source of Ni, Cr, and Co to the environment: A review. Science of the Total 
Environment. 755 (1):142620. doi:10.1016/j.scitotenv.2020.142620 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Kierczak, J., A. Pedziwiatr, J. Waroszewski & M. Modelska. 2016. Mobility of Ni, Cr 
and Co in serpentine soils derived on various ultrabasic bedrocks under 
temperate climate. Geoderma. 268: 78-91. 
doi:10.1016/j.geoderma.2016.01.025 

Kierczak, J., C. Neel, H. Bril & J. Puziewicz. 2007. Effect of mineralogy and 
pedoclimatic variations on Ni and Cr distribution in serpentine soils under 
temperate climate. Geoderma. 142 (1-2): 165-177.  
doi:10.1016/j.geoderma.2007.08.009 

Kim, M., J. Peng & K. Sung. 2019. Causality of climate and soil factors affecting whole 
crop rye (Secale cereale L.) yield as part of natural ecosystem structure via 
longitudinal structural equation model in the Republic of Korea. Grassland 
Science. doi:10.1111/grs.12253 

Kline, R.B. 2011. Principles and Practice of Structural Equation Modeling. The 
Guildford Press, New York. 427 p. 

Kong, S.-H., S.-K.Loh, R.T. Bachmann, S.A. Rahim & J. Salimon. 2014. Biochar from 
oil palm biomass: A review of its potential and challenges. Renewable and 
Sustainable Energy Reviews. 39: 729-739. doi:10.1016/j.rser.2014.07.107  

Koon, L.W. & O.B. Kun. 2006. The unseen flood: waterlogging in large oil palm 
plantations. JURUTERA (January). 28-31.  

Krasilnikov, P.V., N.E.G. Calderón, S.N. Sedov,  E.V. Gómez & R.R. Belloa. 2005. 
The relationship between pedogenic and geomorphic processes in 
mountainous tropical forested area in Sierra Madre del Sur, Mexico. Catena. 
62 (1): 14-44.  doi:10.1016/j.catena.2005.02.003 

Kurnia, U., F. Agus, A. Adimihardja & A. Dariah. 2006. Sifat Fisik Tanah dan Metode 
Analisisnya. Balai Besar Litbang Sumberdaya Lahan Pertanian, Badan Litbang 
Pertanian Deptan. Bogor. 282 p. 

Kurniawan, S., M.D. Corre, A.L. Matson, H. Schulte-Bisping, S.R. Utami, O. van 
Straaten & E. Veldkamp. 2018. Conversion of tropical forests to smallholder 
rubber and oil palm plantations impacts nutrient leaching losses and nutrient 
retention efficiency in highly weathered soils. Biogeosciences. 15 (16): 5131-
5154. doi:10.5194/bg-15-5131-2018 

Kusdarto. 2006. Potensi Agromineral di Indonesia Salah Satu Alternatif Pengganti 
Pupuk Buatan. Subdit Mineral Non Logam, Direktorat Inventarisasi Sumber 
Daya Mineral, Direktorat Jenderal Geologi dan Sumber Daya Mineral, 
Departemen Energi dan Sumber Daya Mineral. Jakarta. 

Kusmiyarti, T.B. 2016.  Buku Ajar Agrogeologi dan Lingkungan. Universitas Udayana. 
Denpasar. 96 p. 

Laliberte, E., J.B. Grace, M.A. Huston, H. Lambers, F.P. Teste, B.L. Turner & D.A. 
Wardle. 2012. How does pedogenesis drive plant diversity?. Trends in Ecology 
& Evolution.  Xx: 1-10.  doi:10.1016/j.tree.2013.02.008 

Lamb, E.G., S.J. Shirtliffe & W.E. May. 2011. Structural equation modeling in the plant 
sciences: An example using yield components in oat. Canadian Journal of 
Plant Science. 91: 603-619. doi:10.4141/CJPS2010-035 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Landl, M., A. Schnepf, D. Uteau, S. Peth, M. Athmann, T. Kautz … & J. Vanderborght. 
2019. Modeling the impact of biopores on root growth and root water uptake. 
Vadose Zone Journal. 18 (1). doi:10.2136/vzj2018.11.0196  

Lawal, A.A., M.A. Hassan, M.A.A. Farid, T.A.T. Yasim-Anuar, M.Z.M. Yusoff, M.R. 
Zakaria, … & Y. Shirai. 2020. Production of biochar from oil palm frond by 
steam pyrolysis for removal of residual contaminants in palm oil mill effluent 
final discharge. Journal of Cleaner Production. 121643. 
doi:10.1016/j.jclepro.2020.121643 

Layton, J.B., E.L. Skidmore & C.A. Thompson. 1993. Winter-associated changes in 
dry-soil aggregation as influenced by management. Soil Science Society of 
America Journal. 57 (6): 1568-1572. 
doi:10.2136/sssaj1993.03615995005700060029 

Lee, B.D.,  S.K. Sears, R.C. Graham, C. Amrhein & H. Vali. 2003. Secondary mineral 
genesis from chlorite and serpentine in an ultramafic soil toposequence. Soil 
Science Society of America Journal. 67 (4): 1309-1317. 
doi:10.2136/sssaj2003.1309 

Lee, B.D., R.C. Graham, T.E. Laurent & C. Amrhein. 2004. Pedogenesis in a wetland 
meadow and surrounding serpentinitic landslide terrain, northern California, 
USA. Geoderma. 118 (3-4): 303-320.  doi:10.1016/S0016-7061(03)00214-3 

Lee, J.S.H., J. Ghazoul, K. Obidzinski & L.P. Koh. 2013. Oil palm smallholder yields 
and incomes constrained by harvesting practices and type of smallholder 
management in Indonesia. Agronomy for Sustainable Development. 34 (2): 
501-513. doi:10.1007/s13593-013-0159-4 

Lee, X. J., L.Y. Lee, S. Gan, S. Thangalazhy-Gopakumar & H.K. Ng. 2017. Biochar 
potential evaluation of palm oil wastes through slow pyrolysis: Thermochemical 
characterization and pyrolytic kinetic studies. Bioresource Technology. 236: 
155-163. doi:10.1016/j.biortech.2017.03.105 

Lee, Y., J. Park, C. Ryu, K.S. Gang, W. Yang, Y.-K. Park & S. Hyun. 
2013b. Comparison of biochar properties from biomass residues produced by 
slow pyrolysis at 500°C. Bioresource Technology. 148: 196-201. 
doi:10.1016/j.biortech.2013.08.135 

Lee, Y.P., C.B.S. Teh, K.J. Goh & A. Moraidi. 2012. Effects of four soil conservation 
methods on soil aggregate stability. Malaysian Journal of Soil Science. 16: 43-
56. 

Leghari, S.J., N.A. Wahocho, G.M. Laghari, A.H. Laghari, G.M. Bhabhan, K.H. Talpur, 
… & A.A. Lashari. 2016.  Role of nitrogen for plant growth and development: A 
review. Advances inEnvironmental Biology. 10 (9): 209-218. 

Lesovaya, S.N., S.V. Goryachkin & Y.S. Polekhovskii. 2012. Soil formation and 
weathering on ultramafic rocks in the Mountainous Tundra of the Rai_Iz Massif, 
Polar Urals. Eurasian Soil Science. 45 (1): 33-44. 
doi:10.1134/S1064229312010097 

Li, G., H.J Kronzucker & W. Shi. 2015. Root developmental adaptation to Fe toxicity: 
Mechanisms and management. Plant Signaling & Behavior. 11 (1): e1117722. 
doi:10.1080/15592324.2015.1117722  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Li, H., G. Huang, Q. Meng, L. Ma, L. Yuan, F. Wang, … & F. Zhang. 2011. Integrated 
soil and plant phosphorus management for crop and environment in China. A 
review. Plant Soil. 349 (1-2): 157-167. doi:10.1007/s11104-011-0909-5  

Li, J., Y. Wen, X. Li, Y. Li, X. Yang, Z. Lin, Z. Song, J.M. Cooper & B. Zhao. 2018. Soil 
labile organic carbon fractions and soil organic carbon stocks as affected by 
long-term organic and mineral fertilization regimes in the North China Plain. 
Soil & Tillage Research. 175:  281-290. doi:10.1016/j.still.2017.08.008 

Li, T., H. Zhang, X. Wang, S. Cheng, H. Fang, G. Liu & W. Yuan. 2019. Soil erosion 
affects variations of soil organic carbon and soil respiration along a slope in 
Northeast China. Ecological Processes. 8 (28). doi:10.1186/s13717-019-
0184-6 

Li, T., J. Liang, X. Chen, H. Wang, S. Zhang, Y. Pu, … & X. Liu. 2021. The interacting 
roles and relative importance of climate, topography, soil properties and 
mineralogical composition on soil potassium variations at a national scale in 
China. Catena. 196: 104875. doi:10.1016/j.catena.2020.104875  

Li, Y., H. Xu & S. Cohen. 2005. Long-term hydraulic acclimation to soil texture and 
radiation load in cotton. Plant, Cell and Environment. 28 (4): 492-499. 
doi:10.1111/j.1365-3040.2005.01291.x  

Lim, K.C. & A.R. Zaharah. 2002. The effects oil palm empty fruit bunches on oil palm 
nutrition and yield, and soil chemical propeties. Journal of Oil Palm Research. 
14 (2): 1-9. 

Lobell, D.B.,  K.G. Cassman & C.B. Field. 2009. Crop yield gaps: their importance, 
magnitudes, and causes. Annual Review of Environment and Resources. 34: 
179-204, doi:10.1146/annurev.environ.041008.093740 

Loh, S.K, M.E. Lai & M. Ngatiman. 2019. Vegetative Growth Enhancement of Organic 
Fertilizer from Anaerobically-Treated Palm Oil Mill Effluent (POME) 
Supplemented with Chicken Manure in Food-Energy-Water Nexus Challenge. 
Food and Bioproducts Processing. 117: 95-104. doi:10.1016/j.fbp.2019.06.016 

Lucas, S.T., E.M. D’Angelo & M.A. Williams. 2014. Improving soil structure by 
promoting fungal abundance with organic soil amendments. Applied Soil 
Ecology. 75: 13-23. doi:10.1016/j.apsoil.2013.10.002  

Ludwig, F., H. Biemans, C. Jacobs, I. Supit, K.V. Diepen & J. Fawell. 2011. Water 
Use of Oil Crops: Current Water Use and Future Outlooks. International Life 
Sciences Institute (ILSI) Europe, Brussels. 44 p. 

Ma, N., L. Zhang, Y. Zhang, L. Yang, C. Yu, G. Yin, … &  X. Ma. 2016. Biochar 
improves soil aggregate stability and water availability in a mollisol after three 
years of field application. PLOS ONE. 11 (5): e0154091. 
doi:10.1371/journal.pone.0154091 

Mahmood, W.M.F.W., M.A. Ariffin, Z. Harun, N.A.I. MD. Ishak, J.A. Ghani, & M.N.AB. 
Rahman. 2015. Characterisation and potential use of biochar from gasified oil 
palm wastes. Journal of Engineering Science and Technology. 2015 (6) 45-54. 

Maitre, L. 2002. Igneous Rocks - A Classification and Glossary of Terms. Cambridge 
Press. 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Major, J., M. Rondon, D. Molina, S.J. Riha & J. Lehmann. 2010. Maize yield and 
nutrition during 4 years after biochar application to a Colombian savanna 
oxisol. Plant Soil. 333 (1-2): 117-128. doi:10.1007/s11104-010-0327-0 

Manorama, K., S.K. Behera, K. Suresh, M.V. Prasad, R.K. Mathur & P. Harinarayana. 
2021. Mulching and technological interventions avoid land degradation in an 
intensive oil palm (Elaeis guineensis Jacq.) production system. Land 
Degradation & Development. 2021: 1-13. doi:10.1002/ ldr.3886 

Marcelino, V., G. Stoops & C.E. Schaefer. 2018. Oxic and related materials. In: 
Stoops, G., Marcelino, V., Mees, F. (Eds.), Interpretation of 
Micromorphological Features of soils and Regoliths. Elsevier. pp. 663-689 

Marescotti, P., P. Comodi, L. Crispini, L. Gigli, A. Zucchini & S. Fornasaro. 2019. 
Potentially toxic elements in ultramafic soils: A study from metamorphic 
ophiolites of the voltri massif (Western Alps, Italy). Minerals. 9: 1-23. 
doi:10.3390/min9080502 

Margesin, R & F. Schinner, 2005. Manual of Soil Analysis – Monitoring and Assessing 
Soil Bioremediation. Springer-Verlag Berlin Heidelberg. 370 p. 

Marschner, H. 1991. Mechanisms of adaptation of plants to acid soils. Plant and Soil. 
134 (1): 1-20. doi:10.1007/bf00010712 

Martens, D.A. & W.T. Frankenberger Jr. 1992. Modification of infiltration rates in an 
organic-amended irrigated soil. Agronomy Journal. 84 (4): 707-717. 
doi:10.2134/agronj1992.0002196200840004003 

Martens, D.A. 2000. Plant residue biochemistry regulates soil carbon cycling and 
carbon sequestration. Soil Biology & Biochemistry. 32 (3): 361-369. 
doi:10.1016/s0038-0717(99)00162-5  

Martinez, P. & I.F. de Souza. 2020. Genesis of pseudo-sand structure in Oxisols from 
Brazil: A review. Geoderma Regional. e00292. 
doi:10.1016/j.geodrs.2020.e00292 

Marty, C., Houle, D., Gagnon, C., & Courchesne, F. (2017). The relationships of soil 
total nitrogen concentrations, pools and C:N ratios with climate, vegetation 
types and nitrate deposition in temperate and boreal forests of eastern 
Canada. Catena. 152: 163-172. doi:10.1016/j.catena.2017.01.014  

Masseroli, A., S. Villa, G.S. Mariani, I.M. Bollati, M. Pelfini, D. Sebag, E.P. Verrecchia 
& L. Trombino. 2021. Reconsidering the compound effect of geomorphology, 
vegetation, and climate change on paleopedogenesis in sensitive 
environments (Northern Apennines, Italy). Catena. 197: 104951. 
doi:10.1016/j.catena.2020.104951 

McCollom, T.M., F. Klein, M. Robbins, B. Moskowitz, T.S. Berquo, N. Jons, W. Bach 
& A. Templeton. 2016. Temperature trends for reaction rates, hydrogen 
generation, and partitioning of iron during experimental serpentinization of 
olivine. Geochim Cosmochim Acta. 181: 175-200.  
doi:10.1016/j.gca.2016.03.002 

Mensah, A.K. & K.A. Frimpong. 2018. Biochar and/or compost applications improve 
soil properties, growth, and yield of maize grown in acidic rainforest and 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



coastal savannah soils in Ghana. International Journal of Agronomy. 2018: 1-
8. doi:10.1155/2018/6837404  

Mikha, M.M. & C.W. Rice. 2004. Tillage and manure effects on soil and aggregate-
associated carbon and nitrogen. Soil Science Society of America Journal. 68 
(3): 809-816. doi:10.2136/sssaj2004.8090  

Minasny, B. & A.B. McBratney. 2017. Limited effect of organic matter on soil available 
water capacity. European Journal of Soil Science. 69 (1): 39-47. 
doi:10.1111/ejss.12475 

Mohammadi, K., G. Heidari, S. Khalesro & Y. Sohrabi. 2011. Soil management, 
microorganisms and organic matter interactions: A review. African Journal of 
Biotechnology. 10 (86). doi:10.5897/ajbx11.006  

Mondal, S, J.S. Mishra, S.P. Poonia, R. Kumar, R. Dubey, S. Kumar … & A. 
McDonald. 2021. Can yield, soil C and aggregation be improved under long-
term conservation agriculture in the eastern Indo-Gangetic plain of 
India?. European Journal of Soil Science. 2021: 1-20. doi:10.1111/ejss.13092 

Moradi, A., C.T.B. Sung, G.K. Joo, A.H.M. Hanif & C.F. Ishak. 2012. Evaluation of 
four soil conservation practices in a non-terraced oil palm plantation. Agronomy 
Journal. 104 (6): 1727. doi:10.2134/agronj2012.0120  

Moradi, A., C.B.S. Teh, K.J. Goh, M.H.A. Husni, & C.F. Ishak. 2014. Decomposition 
and nutrient release temporal pattern of oil palm residues. Annuals of Applied 
Biology. 164 (2): 208-219. doi:10.1111/aab.12094  

Moradi, A., C.T.B. Sung, K.J. Goh, A.H.M. Hanif & C.F. Ishak. 2015. Effect of four soil 
and water conservation practices on soil physical processes in a non-terraced 
oil palm plantation. Soil & Tillage Research. 145: 62-71. 
doi:10.1016/j.still.2014.08.005 

Morales-Olmedo, M., M. Ortiz & G. Sellés. 2015. Effects of transient soil waterlogging 
and its importance for rootstock selection. Chilean Journal of Agricultural 
Research. 75: 45-56. doi:10.4067/s0718-58392015000300006 

Morgan, J. B. & E.L. Connolly. 2013. Plant-soil interactions: Nutrient Uptake. Nature 
Education Knowledge 4 (8): 2. 

Mueller, N.D., J.S. Gerber, M. Johnston, D.K. Ray, N. Ramankutty & J.A. Foley. 
2012. Closing yield gaps through nutrient and water management. Nature. 490 
(7419): 254-257. doi:10.1038/nature11420 

Muggler, C.C., P. Buurman & J.D.J. van Doesburg. 2007. Weathering trends and 
parent material characteristics of polygenetic oxisol from Minas Gerais, Brazil: 
I. Mineralogi. Geoderma. 138 (1-2): 39-48. 
doi:10.1016/j.geoderma.2006.10.008 

Mujuru, L., A. Mureva, E.J. Velthorst & M.R. Hoosbeek. 2013. Land use and 
management effects on soil organic matter fractions in Rhodic Ferralsols and 
Haplic Arenosols in Bindura and Shamva districts of Zimbabwe. Geoderma. 
209-210: 262-272. doi:10.1016/j.geoderma.2013.06.025  

Mulyani, A., F. Agus & A. Abdurachman. 2004. Kesesuaian lahan untuk kelapa sawit 
di Indonesia.  Lokakarya Sistem Integrasi Kelapa Sawit-Sapi. 89-102 p.  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Munevar, F.M. & F.A. Romero. 2015. Soil and plant silicon status in oil palm crops in 
Colombia. Expl Agric. 51 (3): 382-392. doi:10.1017/S0014479714000374 

Munir, M. 1996.  Geologi dan Mineralogi Tanah.  Pustaka Jaya.  Jakarta. 290p. 

Munkholm, L.J., P. Schjonning, K. Debosz, H.E. Jensen & B.T. Christensen. 2002. 
Aggregate strength and mechanical behaviour of a sandy loam soil under long-
term fertilization treatments. European Journal of Soil Science. 53: 129-137. 
doi: 10.1046/j.1365-2389.2002.00424.x  

Murphy, B. 2015. Key soil functional properties affected by soil organic matter – 
evidence from published literature. IOP Conf. Ser.: Earth Environ. Sci. 25 
012008. doi:10.1088/1755-1315/25/1/012008 

Murphy, B.W. 2015b. Impact of soil organic matter on soil properties—a review with 
emphasis on Australian soils. Soil Research. 53 (6): 605. doi:10.1071/sr14246  

Murphy, D.J. 2009. Oil palm: future prospects for yield and quality improvements. 
Lipid Technol. 21 (11/12): 257-260. doi:10.1002/lite.200900067 

Murtilaksono, K., W. Darmosarkoro, E.S. Sutarta, H.H. Siregar & Y. Hidayat. 2009. 
Upaya peningkatan produksi kelapa sawit melalui penerapan teknik konservasi 
tanah dan air. Jurnal Tanah Tropika. 14 (2): 135-142. 

Mutert, E., 1999. Suitability of soils for oil palm in Southeast Asia. Better Crops 
International. 13 (1): 36-38. 

Nachimuthu, G. & A.A. Webb. 2017. Closing the biotic and abiotic stress-mediated 
yield gap in cotton by improving soil management and agronomic practices. 
Plant Tolerance to Individual and Concurrent Stresses. 17-31. 
doi:10.1007/978-81-322-3706-8_2  

Nascente, A.S., Y. Li & C.A.C. Crusciol. 2015. Soil aggregation, organic carbon 
concentration, and soil bulk density as affected by cover crop species in a no-
tillage system. Revista Brasileira de Ciência Do Solo. 39 (3): 871-879. 
doi:10.1590/01000683rbcs20140388 

National Soil Survey Center. 2002. Field Book for Describing and Sampling Soils. 
Version 2.0. USDA-NRCS. Lincoln. 180 p. 

Navas, A., K. Laute, A.A. Beylich & L. Gaspar. 2014. Variations of soil profile 
characteristics due to varying time spans since ice retreat in the inner 
Nordfjord, western Norway. Solid Earth. 5 (1): 485-498. doi:10.5194/se-5-485-
2014  

Nazmi, L. 2013. Modeling for relationships between soil properties and yield 
components of wheat using multiple linear regression and structural equation 
modeling. Advances in Environmental Biology. 7(2): 235-242.  

Negasa, T., H. Ketema, A. Legesse, M. Sisay & H. Temesgen. 2017. Variation in soil 
properties under different land use types managed by smallholder farmers 
along the toposequence in southern Ethiopia. Geoderma.  290: 40-50.  
doi:10.1016/j.geoderma.2016.11.021 

Neina, D. 2019. The role of soil ph in plant nutrition and soil remediation. Applied and 
Environmental Soil Science. 2019: 1-9. doi:10.1155/2019/5794869  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Nelson, P.N., M. Banabas, I. Goodrick, M.J. Webb, N.I. Huth & D. O’Grady. 2015. Soil 
sampling in oil palm plantations: a practical design that accounts for lateral 
variability at the tree scale. Plant Soil. 394: 421-429. doi:10.1007/s11104-015-
2490-9 

Ng, H.C.P., P.S. Chew, K.J. Goh & K.K. Kee. 1999. Nutrient requirements and 
sustainability in mature oil palms – an assessment. Planter. 75 (880): 331-345. 

Nguyen-Thanh, L., T. Hoang-Minh, H-J Herbert, J. Kasbohm, L.T. Lai, M.N. Nguyen 
& R.F. Mählmann. 2017. Development of Fe-rich clay minerals in a weathering 
profile derived from serpentinized ultramafic rock in Nui Nua massif, Vietnam. 
Geoderma. 308: 159-170.  doi:10.1016/j.geoderma.2017.08.021 

Nicolás, C., T. Martin-Bertelsen, D. Floudas, J. Bentzer, M. Smits, T. Johansson … & 
A. Tunlid. 2019. The soil organic matter decomposition mechanisms in 
ectomycorrhizal fungi are tuned for liberating soil organic nitrogen. The ISME 
Journal. 13: 977-988. doi:10.1038/s41396-018-0331-6 

Nie, X., Z. Yuan, B. Huang, Y. Liao, X. Zhang, Z. Li & D. Li. 2019. Effects of water 
erosion on soil organic carbon stability in the subtropical China. Journal of Soils 
and Sediments. 19: 3564-3575. doi:10.1007/s11368-019-02305-7  

Nijkamp, P. & E. Beinat. 1998. Multi-Criteria Analysis for Land Use Management; 
Kluwer Academic Publishers: Dordrecht, The Netherlands. 

Niles, M.T., M. Lubell & M. Brown. 2015. How limiting factors drive agricultural 
adaptation to climate change. Agriculture, Ecosystems & Environment. 200: 
178-185. doi:10.1016/j.agee.2014.11.010  

Nishigaki, T., M. Shibata, S. Sugihara, A.D. Mvondo-Ze, S. Araki & S. Funakawa. 
2016. Effect of mulching with vegetative residues on soil water erosion and 
water balance in an Oxisol cropped by Cassava in East Cameroon. Land 
Degradation & Development. 28 (2): 682-690. doi:10.1002/ldr.2568  

Niswati, A., S. Romelah, Dermiyati & Tugiyono. 2021. Integrated farming system of 
cattle and oil palm plantation increasing population and diversity of soil fauna 
in Ultisols soils. IOP Conf. Series: Earth and Environmental Science. 648: 
012172. doi:10.1088/1755-1315/648/1/012172 

Nkrumah, P.N., G. Echevarria, P.D. Erskine, R.L. Chaney, S. Sumail & A. van 
der Ent. 2021.  Variation in the ionome of tropical ‘metal crops’ in response 
to soil potassium availability. Plant Soil. doi:10.1007/s11104-021-04995-w 

Nodichao, L., J.L. Chopart, O. Roupsard, M. Vauclin, S. Aké & C. Jourdan. 2011. 
Genotypic variability of oil palm root system distribution in the field. 
Consequences for water uptake. Plant Soil. 341: 505-520. 
doi:10.1007/s11104-010-0663-0 

Notohadiprawiro, R.M.T. & S.H. Suparnowo. 1978. Asas-asas Pedologi 
(Pedogenesis). Departemen Ilmu Tanah Faperta UGM. Yogyakarta. 139p. 

Notohadiprawiro, R.M.T. 1985. Selidik Cepat Ciri Tanah di Lapangan. Ghalia 
Indonesia.  Jakarta. 94 p. 

Nugroho, Y. 2016. Pengaruh posisi lereng terhadap sifat fisika tanah. Jurnal Hutan 
Tropis. 4 (3): 300-304. 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Nutongkaew, T., W. Duangsuwan, S. Prasertsan & P. Prasertsan. 
2014. Physicochemical and biochemical changes during composting of 
different mixing ratios of biogas sludge with palm oil mill wastes and biogas 
effluent. Journal of Material Cycles and Waste Management. 16 (1): 131–140. 
doi:10.1007/s10163-013-0165-2  

O’Reilly, K.A., J.D. Lauzon, R.J. Vyn & L.L. Van Eerd. 2012. Nitrogen cycling, profit 
margins and sweet corn yield under fall cover crop systems. Canadian Journal 
of Soil Science. 92 (2): 353-365. doi:10.4141/cjss2011-065  

Oades, J.M., 1984. Soil organic matter and structural stability: mechanisms and 
implications for management. Plant and Soil. 76: 319-337. 
doi:10.1007/BF02205590 

Obi, J.C. & B.T. Udoh. 2012. Nutrient budget for optimal oil palm (Elaeis guineensis 
Jacq.) yield on coastal plain sands soils of Akwa Ibom State Nigeria. Open 
Journal of Soil Science. 2: 289-298. doi:10.4236/ojss.2012.23035   

Obia, A., J. Mulder, V. Martinsen, G. Cornelissen & T. Børresen. 2016. In situ effects 
of biochar on aggregation, water retention and porosity in light-textured tropical 
soils. Soil & Tillage Research. 155: 35-44. doi:10.1016/j.still.2015.08.002 

Öborn, I., Y. Andrist-Rangel, M. Askekaard, C.A. Grant, C.A. Watson & A.C. Edwards. 
2008. Critical aspects of potassium management in agricultural systems. Soil 
Use and Management. 21 (1): 102-112. doi:10.1111/j.1475-
2743.2005.tb00114.x  

Oettli, P., S.K. Behera & T. Yamagata. 2018. Climate based predictability of oil palm 
tree yield in Malaysia. Scientific Reports. 8 (1).  doi:10.1038/s41598-018-
20298-0  

Ollivier, J., A. Flori, B. Cochard, P. Amblard, N. Turnbull, I. Syahputra,  E. Suryana, 
Z. Lubis, E. Surya, E. Sihombing & D.T. Gasselin. 2017. Genetic variation in 
nutrient uptake and nutrient use efficiency of oil palm. Journal of Plant Nutrition. 
40 (4): 558-573.  doi:10.1080/01904167.2016.1262415  

Olson, K.R. 2005. Factors of Soil Formation: Parent Material. Encyclopedia of Soils 
in the Environment, 532-535. doi:10.1016/b0-12-348530-4/00005-9  

Olson, K.R., M. Al-Kaisi, R. Lal & L. Cihacek. 2016. Impact of soil erosion on soil 
organic carbon stocks. Journal of Soil and Water Conservation. 71 (3): 61-67. 
doi:10.2489/jswc.71.3.61a  

Orobator, P.O., I.K. Ugwa & H. Ashiriba. 2018. Soil texture effects on soil 
characteristics under oil palm (Elaeis guineensis) plantations of selected 
environments in Edo State, Nigeria. Nigerian Research Journal of Engineering 
and Environmental Sciences. 3 (2): 584-591. 

Ostrowska, A. & G. Porębska. 2015. Assessment of the C/N ratio as an indicator of 
the decomposability of organic matter in forest soils. Ecological Indicators. 49: 
104-109. doi:10.1016/j.ecolind.2014.09.044 

Othman, H., A.T. Mohammed, F.M. Darus, M.H. Harun & M.P. Zambri. 2011. Best 
management practices for oil palm cultivation on peat: ground water-table 
maintenance in relation to peat subsidence and estimation of CO2 emissions 
at Sessang, Sarawak. Journal of Oil Palm Research. 23: 1078-1086.  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Pai, C.-W., M.-K. Wang & C.-Y. Chiu. 2007. Clay mineralogical characterization of a 
toposequence of perhumid subalpine forest soils in Northeastern Taiwan. 
Geoderma. 138 (1-2): 177-184.  doi:10.1016/j.geoderma.2006.11.010 

Palandri, J.L. & M.H. Reed. 2004. Geochemical models of metasomatism in ultramafic 
systems: Serpentinization, Rodingitization, and Sea Floor Carbonate Chimney 
Precipitation. Geochimica et Cosmochimica Acta. 68 (5): 1115-1133.  
doi:10.1016/j.gca.2003.08.006 

Pansu, M. & J. Gautheyrou. 2006. Handbook of Soil Analysis (Mineralogical, Organic 
and Inorganic Methods). Springer Berlin Heidelberg. New York. 993p. 

Paradelo, R., I. Virto & C. Chenu. 2015. Net effect of liming on soil organic carbon 
stocks: A review. Agriculture, Ecosystems & Environment. 202: 98-107. 
doi:10.1016/j.agee.2015.01.005  

Paramananthan, S. 2003. Land selection for oil palm. In: Fairhurst, T., Härdter, R. 
(Eds.), The Oil Palm: Management for Large and Sustainable Yields. Potash 
& Phosphate Institute of Canada. International Potash Institute. Singapore. 27-
58.  

Paramananthan, S. 2013. Managing marginal soils for sustainable growth of oil palms 
in the tropics. J. Oil Palm Environ. 4: 1-16.  

Pardon, L.,  C. Bessou, N. Saint-Geours, B. Gabrielle,  N. Khasanah, J.P. Caliman & 
P.N. Nelson. 2016. Quantifying nitrogen losses in oil palm plantations: models 
and challenges. Biogeosciences. 13: 5433-5452. doi:10.5194/bg-13-5433-
2016 

Pardon, L., C. Bessou, P.N. Nelson, B. Dubos, J. Ollivier, R. Marichal, … & B. 
Gabrielle. 2016. Key unknowns in nitrogen budget for oil palm plantations. A 
review. Agronomy for Sustainable Development. 36 (1). doi:10.1007/s13593-
016-0353-2  

Parikh, S.J. & B.R. James. 2012. Soil: The Foundation of Agriculture. Nature 
Education Knowledge. 3 (10): 2. 

Partey, S.T, R.F. Preziosi & G.D. Robson. 2014. Improving maize residue use in soil 
fertility restoration by mixing with residues of low C-to-N ratio: effects on C and 
N mineralization and soil microbial biomass. Journal of Soil Science and Plant 
Nutrition. 14 (3): 518-531. doi:10.4067/S0718-95162014005000041 

Pasuquin, J.M., M.F. Pampolino, C. Witt, A. Dobermann, T. Oberthür, M.J. Fisher & 
K. Inubushi. 2014. Closing yield gaps in maize production in Southeast Asia 
through site-specific nutrient management. Field Crops Research. 156: 219-
230. doi:10.1016/j.fcr.2013.11.016  

Paterson, R.R.M. & N. Lima. 2017. Climate change affecting oil palm agronomy, and 
oil palm cultivation increasing climate change, require amelioration. Ecology 
and Evolution. 8 (1): 452-461. doi:10.1002/ece3.3610 

Pauli, N., C. Donough, T. Oberthür, J. Cock, R. Verdooren, Rahmadsyah, … & J.M. 
Pasuquin. 2014. Changes in soil quality indicators under oil palm plantations 
following application of “best management practices” in a four-year field trial. 
Agriculture, Ecosystems & Environment. 195: 98-111. 
doi:10.1016/j.agee.2014.05.005  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Penn, C.J. & J.J. Camberato. 2019. A critical review on soil chemical processes that 
control how soil pH affects phosphorus availability to plants. Agriculture. 9 (6): 
120. doi:10.3390/agriculture9060120  

Peterson, R. A. & Y. Kim. 2013. On the relationship between coefficient alpha and 
composite reliability. Journal of Applied Psychology. 98 (1): 194-198. 
doi:10.1037/a0030767  

Picard, N., L. Saint-André & M. Henry. 2012. Manual for building tree volume and 
biomass allometric equations: from field measurement to prediction. Food and 
Agricultural Organization of the United Nations, Rome, and Centre de 
Coopération Internationale en Recherche Agronomique pour le 
Développement, Montpellier, 215 p.  

Picek, T., M. Šimek & H. Šantrůčkov. 2000. Microbial responses to fluctuation of soil 
aeration status and redox conditions. Biology and Fertility of Soils. 31 (3-4): 
315-322. doi:10.1007/s003740050662  

Pierret, A., J.L. Maeght, C. Clément, J.P. Montoroi, C. Hartmann & S. Gonkhamdee. 
2016. Understanding deep roots and their functions in ecosystems: an 
advocacy for more unconventional research. Annals of botany. 118 (4): 621-
635. doi:10.1093/aob/mcw130 

Pirker, J., A. Mosnier, F. Kraxner, P. Havlík & M. Obersteiner. 2016. What are the 
limits to oil palm expansion?. Global Environmental Change. 40: 73-81. 
doi:10.1016/j.gloenvcha.2016.06.007 

Poeplau, C. & A. Don. 2015. Carbon sequestration in agricultural soils via cultivation 
of cover crops – A meta-analysis. Agriculture, Ecosystems & Environment. 
200: 33-41. doi:10.1016/j.agee.2014.10.024 

Pramuji & M. Bastaman. 2009. Teknik analisis mineral tanah untuk menduga 
cadangan sumber hara. Buletin Teknik Pertanian. 14 (2): 80-82. 

Prasetyo, B.H. & N. Suharta. 2004. Properties of low activity clay soils from South 
Kalimantan. Jurnal Tanah dan Iklim. 22/2004: 26-39. 

Prasetyo, B.H., J.S. Adiningsih, K. Subagyono, & R.D.M. Simanungkalit. 2004. 
Mineralogi, Kimia, Fisika, dan Biologi Tanah Sawah. Puslitbangtanak. Bogor. 
337 p. 

Prayitno, S., D. Indradewa & B.H. Sunarminto. 2008. Produktivitas kelapa sawit 
(Elaeis guineensis jacq.) yang dipupuk dengan tandan kosong dan limbah cair 
pabrik kelapa sawit. Ilmu Pertanian. 15 (1): 37-48. 

Pregitzer, K.S. 2002. Fine roots of trees - a new perspective. New Phytologist. 154 
(2): 267-270. doi:10.1046/j.1469-8137.2002.00413_1.x  

Proctor, J. 2003. Vegetation and soil and plant chemistry on ultramafic rocks in the 
tropical Far East. Perspectives in Plant Ecology, Evolution and Systematics. 6 
(1-2): 105-124. doi:10.1078/1433-8319-00045  

Prokofyeva, T.V., I.A. Martynenko & F.A. Ivannikov. 2011. Classification of Moscow 
soils and parent materials and its possible inclusion in the Classification 
System of Russian Soils. Eurasian Soil Science. 44 (5): 561-571. 
doi:10.1134/s1064229311050127 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Pulunggono, H.B., S. Anwar, B. Mulyanto & S. Sabiham. 2019. Decomposition of oil 
palm frond and leaflet residues. AGRIVITA Journal of Agricultural Science. 41 
(3): 524-536. doi:10.17503/ agrivita.v41i3.2062 

Purwanto, B.H., B.H.,Sunarminto & D. Shiddieq. 2000. Muatan terubahkan oxisol dan 
ultisol yang berkembang di atas batuan basalt daerah Malili, Sulawesi Selatan. 
Jurnal Agrosains. 13 (1): 79-92.  

PUSDATIN Pusat Data dan Sistem Informasi Pertanian. 2016. OUTLOOK KELAPA 
SAWIT 2016. http://epublikasi.setjen.pertanian.go.id/arsip-outlook/75-outlook-
perkebunan/421-outlook-kelapa-sawit-2016. (diakses 5 Februari 2018). 

Quesada, C.A., J. Lloyd, M. Schwarz, S. Patiño, T.R. Baker, C. Czimczik, … & R. 
Paiva. 2010. Variations in chemical and physical properties of Amazon forest 
soils in relation to their genesis. Biogeosciences. 7 (5): 1515-1541. 
doi:10.5194/bg-7-1515-2010 

Raboin, L.-M., A.h.D. Razafimahafaly, M.B. Rabenjarisoa, B. Rabary, J. Dusserre & 
T. Becquer. 2016. Improving the fertility of tropical acid soils: Liming versus 
biochar application? A long term comparison in the highlands of Madagascar. 
Field Crops Research. 199: 99-108. doi:10.1016/j.fcr.2016.09.005  

Rabot, E., M. Wiesmeier, S. Schlüter & H.-J. Vogel. 2018. Soil structure as an 
indicator of soil functions: A review. Geoderma. 314: 122-137. 
doi:10.1016/j.geoderma.2017.11.009 

Rafflegeau, S., I. Michel-Dounias, B. Tailliez, B. Ndigui & F. Papy. 2010. Unexpected 
N and K nutrition diagnosis in oil palm smallholdings using references of high-
yielding industrial plantations. Agronomy for Sustainable Development. 30 (4): 
777-787. doi:10.1051/agro/2010019 

Rafii, M.Y., B.S. Jalani, N. Rajanaidu, A. Kushairi, A. Puteh & M.A. Latif. 2012. 
Stability analysis of oil yield in oil palm (Elaeis guineensis) progenies in 
different environments. Genet. Mol. Res. 11 (4): 3629-3641.  
doi:10.4238/2012.October.4.10 

Ragel, P., N. Raddatz, E.O. Leidi, F.J. Quintero and J.M. Pardo. 2019. Regulation of 
K+ nutrition in plants. Frontiers in Plant Science. 10: 281. 
doi:10.3389/fpls.2019.00281 

Rahman, N., K.E. Giller, A. de Neergaard, J. Magid, G. van de Ven & T.B. Bruun. 
2021. The effects of management practices on soil organic carbon stocks of oil 
palm plantations in Sumatra, Indonesia. Journal of Environmental 
Management. 278: 111446.  doi:10.1016/j.jenvman.2020.111446  

Rahutomo, S., E.S. Sutarta, H. Santoso, E.N. Ginting & D. Wiratmoko. 2008. 
Karakteristik pedoagroklimat dan upaya optimalisasi produksi kelapa sawit di 
wilayah perbatasan Indonesia-Malaysia. Jurnal Penelitian Kelapa Sawit. 16 
(1): 37-45.  

Rajakaruna, N., K.M. Tompkins & P.G. Pavicevic. 2006. Phytoremediation: an 
affordable green technology for the clean-up of metalcontaminated sites in Sri 
Lanka. Ceylon Journal of Science. 35 (1): 25-39.  

Rajapaksha, A.U., M. Vithanage, C. Oze, W. Bandara & R. Weerasooriya. 2012. 
Nickel and manganese release in serpentine soil from the Ussangoda 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Ultramafic Complex, Sri Lanka. Geoderma. 189-190: 1-9.  
doi:10.1016/j.geoderma.2012.04.019 

Rajapaksha, A.U., S.S. Chen, D.C.W. Tsang, M. Zhang, M. Vithanage, S. Mandal, B. 
Gao, N.S. Bolan & Y.S. Ok. 2016. Engineered/designer biochar for 
contaminant removal/immobilization from soil and water: Potential and 
implication of biochar modification. Chemosphere. 148: 276-291. 
doi:10.1016/j.chemosphere.2016.01.043 

Ramesh, T., N.S. Bolan, M.B. Kirkham, H. Wijesekara, M. Kanchikerimath, C.S. Rao, 
… & O.W. Freeman II. 2019. Soil organic carbon dynamics: Impact of land use 
changes and management practices: A review. Advances in Agronomy. 156: 
1-107. doi:10.1016/bs.agron.2019.02.001 

Rankine, I.R. & T.H. Fairhurst. 1999. Field Handbook: Oil Palm Series, Volume 1: 
Nursery. Potash & Phosphate Institute. Singapore.  

Rao, I.M., J.W. Miles, S.E. Beebe & W.J. Horst. 2016. Root adaptations to soils with 
low fertility and aluminium toxicity. Annals of Botany. 118 (4): 593-605. 
doi:10.1093/aob/mcw073 

Rao, V., T. Palat, N. Chayawat & R.H.V. Corley. 2008. The univanich oil palm 
breeding programme and progeny trial results from Thailand. Planter. 84 (989): 
519-531.  

Raous, S., G. Echevarria,  T. Sterckeman, K. Hanna, F. Thomas, E.S. Martins & T. 
Becquer. 2013. Potentially toxic metals in ultramafic mining materials: 
identification of the main bearing and reactive phases. Geoderma. 192: 111-
119.  doi:10.1016/j.geoderma.2012.08.017 

Rayes, L.M. 2007. Metode Inventarisasi Sumberdaya Lahan. ANDI. Yogyakarta. 298 
p. 

Rayment, G.E. & F.R. Higginson. 1992. Australian laboratory handbook of soil and 
water chemical methods. Australian soil and land survey handbook. Inkata 
Press, Melbourne, Sydney. 330 p.  

Razali, W.A.W., A.S. Baharuddin, A.T. Talib, A. Sulaiman, M.N. Naim, M.A. Hassan 
& Y. Shirai. 2012. Degradation of oil palm empty fruit bunches (opefb) fibre 
during composting process using in-vessel composter. BioResources. 7 (4): 
4786-4805. doi:10.15376/biores.7.4.4786-4805  

Razzaghi, F., P.B. Obour & E. Arthur. 2019. Does biochar improve soil water 
retention? A systematic review and meta-analysis. Geoderma. 114055. 
doi:10.1016/j.geoderma.2019.114055 

Redshaw, M. 2003. Utilization of field residues and mill by-products. In Oil Palm: 
Management for Large and Sustainable Yields, pp. 307-320. Eds T. Fairhurst 
and R. Härdter. Singapore: Potash & Phosphate Institute of Canada and 
International Potash Institut. 

Rhebergen, T., S. Zingore, K.E. Giller, C.A. Frimpong, K. Acheampong, F.T. Ohipeni,  
… & T. Fairhurst. 2020. Closing yield gaps in oil palm production systems in 
Ghana through Best Management Practices. European Journal of Agronomy. 
115: 126011.  doi:10.1016/j.eja.2020.126011  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Rhebergen, T., T. Fairhurst, S. Zingore, M. Fisher, T. Oberthür & A. Whitbread. 2016. 
Climate, soil and land-use based land suitability evaluation for oil palm 
production in Ghana. European Journal of Agronomy. 81: 1-14. 
doi:10.1016/j.eja.2016.08.004. 

Rillig, M.C., S.F. Wright & V.T. Eviner. 2002. The role of arbuscular mycorrhizal fungi 
and glomalin in soil aggregation: comparing effects of five plant species. Plant 
and Soil. 238: 325-333. doi:10.1023/A:1014483303813 

Romelah, S., A. Niswati, Tugiyono & Dermiyati. 2017. Improvement of physical and 
chemical soil quality of oil palm plantation through integrated farming system 
of cattle and oil palm to achieve sustainable agriculture. Journal Tropical Soils. 
22 (2): 113-123. doi:10.5400/jts.2017.22.2.113  

Ross, D.J., K.R. Tate, N.A. Scott & C.W. Feltham. 1999. Land-use change: effects on 
soil carbon, nitrogen and phosphorus pools and fluxes in three adjacent 
ecosystems. Soil Biology & Biochemistry. 31 (6): 803-813. doi:10.1016/s0038-
0717(98)00180-1 

Roy, R.N., R.V. Misra, J.P. Lesschen & E.M. Smaling. 2003 Assessment of Soil 
Nutrient Balance: Approaches and Methodologies. Food and Agrictulture 
Organization of the United Nations. 87 p. 

Rozhan, A.N., H. Mohd. Salleh & H. Purwanto. 2016 New technology for biochar 
production from oil palm empty fruit bunch. ARPN Journal of Engineering and 
Applied Sciences. 11 (1): 368-371. 

Ruiz, A.E., F.E. Mesa, M.M. Mosquer & F.J.C. Barrientos. 2017. Technological factors 
associated with oil palm yield gaps in the central region in Colombia. Agronomía 
Colombiana. 35 (2): 256-264. doi:10.15446/agron.colomb.v35n2.61894 

Rumpel, C. & I. Kögel-Knabner. 2010. Deep soil organic matter—a key but poorly 
understood component of terrestrial C cycle. Plant Soil. 338 (1-2): 143-158. 
doi:10.1007/s11104-010-0391-5 

Rusli & N. Heryana. 2015. Dampak dan antisipasi kekeringan pada tanaman karet. 
Sirinov. 3 (2): 83-92. 

Rusmana, E., Sukido, D. Sukarna, E. Haryanto & T.O. Simandjuntak. 1993. 
Keterangan dan Peta Geologi Lembar Lasusua-Kendari, Sulawesi Skala 
1:250.000. Puslitbang Geologi. Bandung. 

Ryser, P. & P. Emerson. 2007. Growth, root and leaf structure, and biomass allocation 
in Leucanthemum vulgare Lam. (Asteraceae) as influenced by heavy-metal-
containing slag. Plant Soil. 301 (1-2): 315-324. doi:10.1007/s11104-007-9451-
x  

Saaty, T.L. 2008. Decision making with the analytic hierarchy process. International 
Journal of Services Sciences. 1 (1): 83. doi:10.1504/ijssci.2008.017590 

Sabrina, D.T., M.M. Hanafi, T.M.M. Mahmud & A.A.N Azwady. 2009. 
Vermicomposting of oil palm empty fruit bunch and its potential in supplying of 
nutrients for crop growth. Compost Science & Utilization. 17 (1): 61–67. 
doi:10.1080/1065657x.2009.10702401 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Saint-Laurent, D., R. Paradis, A. Drouin & V. Gervais-Beaulac. 2016. Impacts of 
floods on organic carbon concentrations in alluvial soils along hydrological 
gradients using a Digital Elevation Model (DEM). Water. 8 (5): 208. 
doi:10.3390/w8050208  

Sales, M.V.S., A.C. Gama-Rodrigues, N.B. Comerford, W.P. Cropper, E.F. Gama-
Rodrigues & P.H.G. Oliveira. 2015. Respecification of structural equation 
models for the P cycle in tropical soils. Nutrient Cycling in Agroecosystems. 
102: 347-358. doi:10.1007/s10705-015-9706-5 

Sales, M.V.S., S. Aleixo, A.C. Gama-Rodrigues & E.F.Gama-Rodrigues. 2017. 
Structural equation modeling for the estimation of interconnections between 
the P cycle and soil properties. Nutrient Cycling in Agroecosystems. 109 (2): 
193-207. doi:10.1007/s10705-017-9879-1 

Salmiyati, A. Heryansyah, I. Idayu & E. Supriyanto. 2014. Oil palm plantations 
management effects on productivity fresh fruit bunch (FFB). APCBEE 
Procedia. 8: 282-286. doi:10.1016/j.apcbee.2014.03.041  

Samsuri, A.W., F. Sadegh-Zadeh & B.J. Seh-Bardan. 2013. Characterization of 
biochars produced from oil palm and rice husks and their adsorption capacities 
for heavy metals. International Journal of Environmental Science and 
Technology. 11 (4): 967-976. doi:10.1007/s13762-013-0291-3  

Sanchez, P.A., C.A. Palm & S.W. Buol. 2003. Fertility capability soil classification: a 
tool to help assess soil quality in the tropics. Geoderma. 114 (3) : 157-185. 
doi:10.1016/s0016-7061(03)00040-5  

Santi, A.L., T.J.C. Amado, M.R. Cherubin, T.N. Martin, J.L. Pires, L.P.D. Flora & C.J. 
Basso. 2012. Principal component analysis of soil chemical and physical 
attributes limiting grain yield. Pesq. Agropec. Bras. 47 (9): 1346-1357. 
doi:10.1590/S0100-204X2012000900020 

Satriawan, H., Z. Fuady & N. Mayani. 2017. Soil conservation by vegetative systems 
in oil palm cultivation. Polish Journal of Soil Science. 49 (2): 223. 
doi:10.17951/pjss.2016.49.2.223 

Scanlon, B.R., R.C. Reedy & K.F. Bronson. 2008. Impacts of land use change on 
nitrogen cycling archived in semiarid unsaturated zone nitrate profiles, 
Southern High Plains, Texas. Environmental Science & Technology. 42 (20): 
7566-7572. doi:10.1021/es800792w  

Schaefer, C.E.G.R., J.D. Fabris & J.C. Ker. 2008. Minerals in the clay fraction of 
Brazilian Latosols (Oxisols): a review. Clay Minerals. 43 (01): 137-154. 
doi:10.1180/claymin.2008.043.1.11 

Schaetzl, R. & S. Anderson. 2005. Soils Genesis and Geomorphology. Cambridge 
University Press. New York. 817 p. 

Schoeneberger, P.J., D.A. Wysocky, E.C. Benham & Soil Survey Staff. 2012. Field 
Book for Describing and Sampling Soils, version 3.0. USDA-Natural Resources 
Conservation Service, National Soil Survey Center. Lincoln. 180 p. 

Schutter, M.E. & R.P. Dick. 2002. Microbial community profiles and activities among 
aggregates of winter fallow and cover-cropped soil. Soil Science Society of 
America Journal. 66: 142-153. doi: 10.2136/sssaj2002.1420 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Schwertmann, U. 1988. Some properties of soil and synthetic iron oxide. In Stuci JW, 
Goodman BA, Schwertmann U. (Eds). Iron in soil and clay minerals. NATO ASI 
Series. Series C: Mathematical and Physical Science. 127: 203-250. 

Scotti, R., G. Bonanomi, R. Scelza, A. Zoina & M.A. Rao. 2015. Organic amendments 
as sustainable tool to recovery fertility in intensive agricultural systems. Journal 
of Soil Science and Plant Nutrition. 15 (2): 333-352. doi:10.4067/S0718-
95162015005000031 

Seibert, J., S. Johan & S. Rasmus. 2007. Topographical influence on soil properties 
in boreal forest. Geoderma. 141 (1-2): 138-148.  
doi:10.1016/j.geoderma.2007.05.013 

Seshadri, B., N.S. Bolan & R. Naidu. 2015. Rhizosphere-induced heavy metal(Loid) 
transformation in relation to bioavailability and remediation. Journal of Soil 
Science and Plant Nutrition. 15: 524-48. doi:10.4067/s0718-
95162015005000043 

Setiyo, Y., I.B.P. Gunadnya, I.B.W. Gunam & I.K.B. Susrusa. 2017. The 
implementation of low external input sustainable agriculture system to increase 
productivity of potato (Solanum tuberosum L.). Journal of Food, Agriculture & 
Environment. 15 (2): 62-67.  

Shafawati, S. N. & S. Siddiquee. 2013. Composting of oil palm fibres and Trichoderma 
spp. as the biological control agent: A review. International Biodeterioration & 
Biodegradation. 85: 243–253. doi:10.1016/j.ibiod.2013.08.005 

Shah, F. & W. Wu. 2019. Soil and crop management strategies to ensure higher crop 
productivity within sustainable environments. Sustainability. 11 (5): 1485. 
doi:10.3390/su11051485  

Shahid, M., A.K. Nayak, C. Puree, R. Tripathi, B. Lal, P. Gautam, P. Bhattacharyya, 
et al. 2017. Carbon and nitrogen fractions and stocks under 41 years of 
chemical and organic fertilization in a sub-humid tropical rice soil. Soil & Tillage 
Research. 170: 136-146. doi:10.1016/j.still.2017.03.008 

Sharma, B.D. & H.S. Jassal. 2013. Study of a toposequence for variability in 
micronutrients from the moist subhumid Siwalik agro-ecological subregion of 
Punjab. Archives of Agronomy and Soil Science. 59 (4): 573-591.    
doi:10.1080/03650340.2012.663488 

Sharma, L. & S. Bali. 2017. A review of methods to improve nitrogen use efficiency in 
agriculture. Sustainability. 10 (2): 51. doi:10.3390/su10010051  

Sharma, P., A. Singh, C. Kahlon, A. Brar, K. Grover, M. Dia & R. Steiner. 2018. The 
role of cover crops towards sustainable soil health and agriculture—A review 
paper. American Journal of Plant Sciences. 9: 1935-1951. 
doi:10.4236/ajps.2018.99140 

Shen, C., J. Xiong, H. Zhang, Y. Feng, X. Lin, X. Li, W. Liang & H. Chu. 2013. Soil pH 
drives the spatial distribution of bacterial communities along elevation on 
Changbai Mountain. Soil Biology & Biochemistry. 57: 204-211. 
doi:10.1016/j.soilbio.2012.07.013 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Siddiquee, S., S.N. Shafawati & L. Naher. 2017. Effective composting of empty fruit 
bunches using potential Trichoderma strains. Biotechnology Reports. 13: 1–7. 
doi:10.1016/j.btre.2016.11.001 

Sidhu, M., A. Hasyim, E.F. Rambe, Z. Sinuraya, A. Azis & M. Sharma. 2014. 
Evaluation of various sources of magnesium fertilizer for correction of acute 
magnesium deficiency in oil palm. Oil Palm Bulletin. 69: 27-37. 

Sidhu, M., M. Kim & Z. Sinuraya. 2001. Yield responses of oil palm to NPK fertiliser 
application on an alluvial soil in Indonesia. Planter. 77 (908): 635-651. 
doi:10.1093/jxb/40.6.647 

Siebecker, M.G., R.L. Chaney & D.L. Sparks. 2017. Nickel speciation in several 
serpentine (ultramafic) topsoils via bulk synchrotron-based techniques. 
Geoderma. 298: 35-45. doi:10.1016/j.geoderma.2017.03.008 

Silalahi, F.R., A. Rauf, C. Hanum & D. Siahaan. 2018. The characteristic and 
problems of beef cattle – palm oil integration in Indonesia. IOP Conference 
Series: Earth and Environmental Science. 205: 012016. doi:10.1088/1755-
1315/205/1/012016  

Silva, R. de C.F., F.B.V Silva, C.M. Biondi, C.W.A. do Nascimento & E.C.A. de 
Oliveira. 2019. Assessing the content of micronutrients in soils and sugarcane 
in different pedogeological contexts of northeastern Brazil. Revista Brasileira 
de Ciência Do Solo. 43: 1-15. doi:10.1590/18069657rbcs20180228 

Simandjuntak, T.O. Surono & Sukido. 1993. Keterangan dan Peta Geologi Lembar 
Kolaka, Sulawesi Skala 1:250.000. Puslitbang Geologi. Bandung. 

Singh, B. & D.G. Schulze. 2015. Soil minerals and plant nutrition. Nature Education 
Knowledge  6 (1): 1. 

Singh, P., O. Sulaiman, R. Hashim, L.C. Peng & R.P. Singh. 2013. Evaluating 
biopulping as an alternative application on oil palm trunk using the whiterot 
fungus Trametes versicolor. International Biodeterioration and Biodegradation. 
82: 96-103. doi:10.1016/j.ibiod.2012.12.016 

Siregar, H.H., N.H. Darlan & I. Pradiko. 2014. Pemanfaatan data iklim untuk 
perkebunan kelapa sawit. Disampaikan dalam SLI BMKG, 15 April 2014. 
Medan. 

Smith, R.G., A.S. Davis, N.R. Jordan, L.W. Atwood, A.B. Daly, A.S.Grandy, M.C. 
Hunter, R.T. Koide, D.A. Mortensen, P. Ewing,  D. Kane, M. Li, Y. Lou, S.S. 
Snapp, K.A. Spokas & A.C. Yannarell. 2014. Structural equation modeling 
facilitates transdisciplinary research on agriculture and climate change. Crop 
Science. 54: 475-483. doi:10.2135/cropsci2013.07.0474 

Soil Science Division Staff. 2017. Soil Survey Manual. C. Ditzler, K. Scheffe, and H.C. 
Monger (eds.). USDA Handbook 18. Government Printing Office, Washington, 
DC. 

Soil Survey Staff. 1999. Soil Taxonomy. USDA Handbook No. 436. Washington, DC. 

Soil Survey Staff. 2014a. Kellogg Soil Survey Laboratory Methods Manual. Soil 
Survey Investigations Report No. 42, Version 5.0. R. Burt and Soil Survey Staff 
(ed.). U.S. Department of Agriculture, Natural Resources Conservation 
Service. 1031 p. 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Soil Survey Staff. 2014b. Soil Survey Field and Laboratory Methods Manual. Soil 
Survey Investigations Report No. 51, Version 2.0. R. Burt and Soil Survey Staff 
(ed.). U.S. Department of Agriculture, Natural Resources Conservation 
Service. 487 p. 

Soil Survey Staff. 2014c. Kunci Taksonomi Tanah. Edisi Ketiga 2015. Balai Besar 
Penelitian dan Pengembangan Sumberdaya Lahan Pertanian, Badan 
Penelitain dan Pengembangan Pertanian. Bogor. 663 p. 

Souza, I.F., B.S. Archanjo, L.C. Hurtarte, M.E. Oliveros, C.P. Gouvea, L.R. Lidizio, … 
& I.R. Silva. 2017. Al-/Fe-(hydr) oxides–organic carbon associations in 
Oxisols—from ecosystems to submicron scales. Catena. 154: 63-72. 
doi:10.1016/j.catena.2017.02.017  

Sparks, D.L. 1980. Chemistry of soil potassium in Atlantic coastal plain soils: A review. 
Communications in Soil Science and Plant Analysis. 11 (5): 435-449. 
doi:10.1080/00103628009367051  

Sub Direktorat Tata Guna Tanah. 1988. Peta Jenis Tanah Propinsi Sulawesi 
Tenggara Skala 1:500.000. Direktorat Agraria. 

Subardja, D., S. Ritung, M. Anda, Sukarman, E Suryani & R.E. Subandiono. 2014. 
Petunjuk Teknis Klasifikasi Tanah Nasional. Balai Besar Penelitian dan 
Pengembangan Sumberdaya Lahan Pertanian, Badan Penelitian dan 
Pengembangan Pertanian, Bogor. 22 p. 

Subbian, P., R. Lal & V. Akala. 2000. Long-term effects of cropping systems and 
fertilizers on soil physical properties. Journal Sustainable Agriculture. 16: 89-
100. doi:10.1300/j064v16n02_08  

Sudradjat, S., O.D. Purwanto, E. Faustina, F. Shintarika & Supijatno. 2018. Roles and 
optimisation rate of potassium fertiliser for immature oil palm (Elaeis 
guineensis Jacq.) on an Ultisol soil in Indonesia. Journal of Agriculture and 
Rural Development in the Tropics and Subtropics. 119 (1): 13-22. 

Sun, F. & S. Lu. 2013. Biochars improve aggregate stability, water retention, and 
pore-space properties of clayey soil. Journal of Plant Nutrition and Soil 
Science. 177 (1): 26-33. doi:10.1002/jpln.201200639 

Sunarminto, B.H. 2000. Genesis oxisol dan ultisol di atas batuan dunit (ultrabasis) di 
daerah Malili, Sulawesi Selatan. Jurnal Ilmu Tanah dan Lingkungan. 2 (1): 43-
52. 

Sunarminto, B.H. 2011. Genesis, Karakteristik Tanah, dan Kualitas lahan: 
Peranannya dalam Menumbuhkan Tanaman.  Disampaikan pada Pidato 
Pengukuhan Jabatan Guru Besar Bidang Pedologi (Genesis Tanah) Ilmu 
Tanah Fakultas Pertanian UGM, 29 Maret 2011. Yogyakarta. 

Sung, C.T.B. 2016. Availability, use, and removal of oil palm biomass in Indonesia. 
Working Paper. 39 p. doi:10.13140/RG.2.1.4697.4485 

Suriadikarta, D.A. 2012. Teknologi pengelolaan lahan rawa berkelanjutan: Studi 
kasus kawasan ex PLG Kalimantan Tengah. Jurnal Sumberdaya Lahan. 6 (1): 
45-54. 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Suryani, E. & S. Ritung. 2018. Tanah-tanah dari batuan ultrabasik di Sulawesi: 
Kandungan logam berat dan arahan pengelolaan. Jurnal Tanah dan Iklim. 42 
(2): 111-124. 

Susaya, J., K-H. Kim, V. Asio, Z-S Chen & I. Navarrete. 2010 Quantifying nickel in 
soils and plants in an ultramafic area in Philippines. Environ Monit Assess. 167: 
505-514. doi:10.1007/s10661-009-1067-6 

Sustr, M., A. Soukup & E. Tylova, E. 2019. Potassium in root growth and 
development. Plants. 8 (10): 435. doi:10.3390/plants8100435  

Swaray, S., M. Din Amiruddin, M.Y. Rafii, S. Jamian, M.F. Ismail, M. Jalloh, … & O. 
Yusuff. 2020. Influence of parental dura and pisifera genetic origins on oil palm 
fruit set ratio and yield components in their D × P progenies. Agronomy. 10 
(11): 1793. doi:10.3390/agronomy10111793  

Tafakresnanto, C. & B.H. Prasetyo. 2001. Peranan data mineral tanah dalam 
menunjang interpretasi sumber daya tanah. Jurnal Tanah dan Air. 2 (1): 47-
56. 

Taylor, B. 2005. Batuan, Mineral, dan Fosil. Erlangga. Jakarta. 120 p. 

Tan, K.H. 2008. Soil in the Humid Tropics and Monsoon Region of Indonesia. CRC 
Press Taylor and Francis Group. Boca raton, London, New York. 473 p. 

Tan, N.P., M.K. Wong, Y. Yusuyin, A.B. Abdur, K. Iwasaki & S. Tanaka. 2014. Soil 
characteristics in an oil palm field, Central Pahang, Malaysia with special 
reference to micro sites under different managements and slope positions. 
Trop Agro Develop. 58 (4): 146-154.  

Tantriani, T. Shinano, W. Cheng, K. Saito, A. Oikawa, B.H. Purwanto & K. Tawaraya. 
2020. Metabolomic analysis of night-released soybean root exudates under 
high- and low-K conditions. Plant Soil. 456: 259-76. doi:10.1007/s11104-020-
04715-w 

Tao, H.-H., C. Donough, J. Gerendas, M.P. Hoffmann, A. Cahyo, H. Sugianto, … & 
T. Oberthür. 2018. Fertilizer management effects on oil palm yield and nutrient 
use efficiency on sandy soils with limited water supply in Central Kalimantan. 
Nutrient Cycling in Agroecosystems. 112: 317-333. doi:10.1007/s10705-018-
9948-0  

Tao, H.H., C. Donough, M.P. Hoffmann, Y.L. Lim, S. Hendra, Rahmadsyah, … & T. 
Oberthür. 2017. Effects of best management practices on dry matter 
production and fruit production efficiency of oil palm. European Journal of 
Agronomy. 90: 209-215. doi:10.1016/j.eja.2017.07.008  

Targulian, V.O. & P.V. Krasilnikov. 2007. Soil system and pedogenic processes: Self-
organization, time scales, and environmental significance. Catena. 71 (3): 373-
381. doi:10.1016/j.catena.2007.03.007  

Tarigan, S.D., Sunarti, K. Wiegand, C. Dislich, B. Slamet, J. Heinonen & K. Meyer. 
2016. Mitigation options for improving the ecosystem function of water flow 
regulation in a watershed with rapid expansion of oil palm plantations. 
Sustainability of Water Quality and Ecology. 8: 4-13. 
doi:10.1016/j.swaqe.2016.05.001  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Tecon, R. & D. Or. 2017. Biophysical processes supporting the diversity of microbial 
life in soil. FEMS Microbiology Reviews. 41 (5): 599-623. 
doi:10.1093/femsre/fux039  

Temminghoff, E.E.J.M. & V.J.G. Houba. 2004. Plant analysis Procedures, 2nd Edition. 
Kluwer Academic Publishers. Netherlands. 179 p.  

Thies, J. & J. Grossman. 2006. The Soil Habitat and Soil Ecology. Books in Soils, 
Plants, and the Environment. 59-78. doi:10.1201/9781420017113.ch5 

Thomas, G.W. 1996. Soil pH and Soil Acidity. In: Sparks, D.L., Ed., Methods of Soil 
Analysis Part 3: Chemical Methods, SSSA Book Series 5, Soil Science Society 
of America, Madison, Wisconsin, 475-490. doi:10.2136/sssabookser5.3.c16 

Thornburg, T.E., J. Liu, Q. Li, H. Xue, G. Wang, L. Li, … & X. Pan. 2020. Potassium 
deficiency significantly affected plant growth and development as well as 
microrna-mediated mechanism in wheat (Triticum aestivum L.). Frontiers in 
Plant Science. 11. doi:10.3389/fpls.2020.01219  

Tiemann, T.T., C.R. Donough, Y.L. Lim, R. Härdter, R. Norton, H.H. Tao, R. Jaramillo, 
… & T. Oberthür. 2018. Feeding the palm: A review of oil palm nutrition. 
Advance Agronomy. 152: 149-243. doi:10.1016/bs.agron.2018.07.001  

Tim Kajian Ultrabasa. 2007. Kajian Potensi Batuan Ultrabasa Di Daerah Provinsi 
Sulawesi Selatan Untuk Menanggulangi Emisi Karbondioksida. Kelompok 
Program Penelitian Mineral. Pusat Sumber Daya Geologi. Bandung. 

Tohiran, K.A., F. Nobilly, R. Zulkifli, A. Ashton-Butt & B. Azhar, B. 2019. Cattle-grazing 
in oil palm plantations sustainably controls understory vegetation. Agriculture, 
Ecosystems & Environment. 278: 54-60. doi:10.1016/j.agee.2019.03.021  

Tohiruddin, L. & H.L. Foster. 2013. Superior effect of compost derived from oil palm 
mill by-products as a replacement for inorganic fertilisers applied to oil palm. 
Journal of Oil Palm Research. 25: 123-137. 

Tohiruddin, L., J. Tandiono, A.J. Silalahi, N.E. Prabowo & H.L. Foster. 2010. Effects 
of N, P and K fertilizers on leaf trace element levels of oil palm in Sumatra. 
Journal of Oil Palm Research. 22: 869-877.  

Tong, J., J. Hu, Z. Lu, H. Sun & X. Yang. 2019. The impact of land use and cover 
change on soil organic carbon and total nitrogen storage in the Heihe River 
Basin: A meta-analysis. Journal of Geographical Sciences. 29 (9): 1578-
1594. doi:10.1007/s11442-019-1678-y  

Torres-Olivar V., O.G. Villegas-Torres, M.L. Domínguez-Patiño, H. Sotelo-Nava, A. 
Rodríguez-Martínez, … & I. Alia-Tejacal. 2014. Role of Nitrogen and Nutrients 
in Crop Nutrition. Journal of Agricultural Science and Technology B. 4: 29-37. 

Totsche, K.U., W. Amelung, M.H. Gerzabek, G. Guggenberger, E. Klumpp, C. Knief, 
… & I. Kögel-Knabner. 2017. Microaggregates in soils. Journal of Plant 
Nutrition and Soil Science. 181 (1): 104-136. doi:10.1002/jpln.201600451 

Tränkner, M., E. Tavakol & B. Jákli. 2018. Functioning of potassium and magnesium 
in photosynthesis, photosynthate translocation and photoprotection. 
Physiologia Plantarum. 163 (3): 414-431. doi:10.1111/ppl.12747 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Truong, T. H. H., Kristiansen, P., & Marschner, P. (2019). Influence of mulch C/N ratio 
and decomposition stage on plant N uptake and N availability in soil with or 
without wheat straw. Journal of Plant Nutrition and Soil Science. 182 (6): 879-
887. doi:10.1002/jpln.201900067  

Truong, T.H.H. & P. Marschner. 2018. Addition of residues with different C/N ratio in 
soil over time individually or as mixes - effect on nutrient availability and 
microbial biomass depends on amendment rate and frequency. Journal of Soil 
Science and Plant Nutrition. 18 (4): 1157-1172. doi:10.4067/S0718-
95162018005003401 

Tufaila, M. 2011. Genesis Tanah Di Atas Batuan Induk Ultramafik serta Kesesuaian 
Lahannya Untuk Kelapa Sawit dan Cengkeh Di Kecamatan Langgikima, 
Konawe Utara, Sulawesi Tenggara. Disertasi. Universitas Gadjah Mada. 
Yogyakarta. 

Tufaila, M., L.O. Ngkoimani & S. Alam. 2014. Pedogenesis: Pemaknaan Sifat dan Ciri 
Tanah pada Lokasi Tambang Nikel. Unhalu Press. Kendari.  

Turner, B. L. & E. Laliberté. 2014. Soil development and nutrient availability along a 
2 million-year coastal dune chronosequence under species-rich mediterranean 
shrubland in Southwestern Australia. Ecosystems. 18 (2): 287-309. 
doi:10.1007/s10021-014-9830-0  

Turner, B. L. & L.M. Condron. 2013. Pedogenesis, nutrient dynamics, and ecosystem 
development: the legacy of T.W. Walker and J.K. Syers. Plant Soil. 367 (1-2): 
1-10. doi:10.1007/s11104-013-1750-9  

Turner, B. L., A. Wells, K.M. Andersen & L.M. Condron. 2017. Consequences of the 
physical nature of the parent material for pedogenesis, nutrient availability, and 
succession in temperate rainforests. Plant Soil. 423 (1-2): 533-548. 
doi:10.1007/s11104-017-3514-4  

Ubalde, J., X. Sort & R. Poch. 2011. How soil forming processes determine soil-based 
viticultural zoning. Journal of Soil Science and Plant Nutrition. 11 (1): 100-126. 
doi:10.4067/s0718-95162011000100009  

Ullah, R. & S. Muhammad. 2020. Heavy metals contamination in soils and plants 
along with the mafic-ultramafic complex (Ophiolites), Baluchistan, Pakistan: 
Evaluation for risk and phytoremediation potential. Environmental Technology 
& Innovation. 100931. doi:10.1016/j.eti.2020.100931  

USDA. 2014. Oilseeds: World Markets and Trade. USDA Foreign Agricultural Service, 
Washington, D.C.  

van Breemen, N. & P. Buurman. 2003. Soil Formation. Second Edition. Kluwer 
Academic Publishers. New York, Boston, Dordrecht, London, Moscow. 404 p. 

van der Vossen, H.A.M. 1974 Towards more efficient selection for oil yield in the oil 
palm (Elaeis guineensis Jacquin). Doctoral thesis, Wageningen. 107 p.  

van der Waals, J. 2013. Soil colour variation between topsoil and subsoil horizons in 
a plinthic catena on the Mpumalanga Highveld, South Africa. South African 
Journal of Plant and Soil. 30 (1): 47-51. doi:10.1080/02571862.2013.777132  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



van Ittersum, M.K. & R. Rabbinge. 1997. Concepts in production ecology for analysis 
and quantification of agricultural input-output combinations. Field Crops 
Research. 52 (3): 197-208. doi:10.1016/S0378-4290(97)00037-3 

van Ittersum, M.K., K.G. Cassman, P. Grassini, J. Wolf, P. Tittonell & Z. Hochman. 
2013. Yield gap analysis with local to global relevance—a review. Field Crops 
Research. 143: 4-17. doi:10.1016/j.fcr.2012.09.009 

van Reeuwijk, L.P. 2002. Procedures for Soil Analysis. 6th ed. Technical Paper, 
International Soil Reference and Information Centre (ISRIC). Wageningen, 
The Netherlands. 119 p.  

van Straaten, P. 2002. Rocks for Crops: Agrominerals of sub-Saharan Africa. ICRAF, 
Nairobi, Kenya. 333 p. 

van Wambeke, A. 1992. Soil of the Tropics. Propertis and Appraisal. McGraw Hill, Inc. 
New York. 343 p. 

Vaughan, A.P.M. & J.H. Scarrow. 2003. Ophiolite obduction pulses as a proxy 
indicator of superplume events? Earth Planet Sci Lett. 213 (3-4): 407-416.  
doi:10.1016/S0012-821X(03)00330-3 

Velde, B. & A. Meunier. 2008. The Origin of Clay Minerals in Soil and Weathered 
Rocks. Springer-Verlag Berlin Heidelberg. 406 p. 

Venegas, A., A. Rigol & M. Vidal. 2015. Viability of organic wastes and biochars as 
amendments for the remediation of heavy metal-contaminated soils. 
Chemosphere. 119: 190-198. doi:10.1016/j.chemosphere.2014.06.009  

Verheye, W. 2010. Growth and Production of Oil Palm. In: Verheye, W. (ed.), Land 
Use, Land Cover and Soil Sciences. Encyclopedia of Life Support Systems, 
UNESCO-EOLSS Publishers. Oxford. UK.  

Vijiandran, J.R., M.H.A Husni, C.B.S. Teh, A.R. Zaharah & A. Xaviar. 2017. Nutrient 
losses through runoff from several types of fertilisers under mature oil palm. 
Malaysian Journal of Soil Science. 21: 113-121. 

Violita, V., T. Triadiati, I. Anas & M. Miftahudin. 2016. Fine root production and 
decomposition in lowland rainforest and oil palm plantations in Sumatra, 
Indonesia. HAYATI J. Biosci. 23: 7-12. doi:10.1016/j.hjb.2015.10.008 

Vithanage, M., A.U. Rajapaksha, C. Oze, N. Rajakaruna & C.B. Dissanayake.  2014. 
Metal release from serpentine soils in Sri Lanka. Environ Monit Assess. 186: 
3415-3429. doi:10.1007/s10661-014-3626-8 

Vithanage, M., P. Kumarathilaka, C. Oze, S. Karunatilake, M. Seneviratne, Z.-Y. 
Hseu, … & J. Rinklebe. 2019. Occurrence and cycling of trace elements in 
ultramafic soils and their impacts on human health: A critical review. 
Environment International. 131: 104974. doi:10.1016/j.envint.2019.104974  

Vitousek, P.M., S. Porder, B.Z. Houlton & O.A. Chadwick. 2010. Terrestrial 
phosphorus limitation: mechanisms, implications, and nitrogen–phosphorus 
interactions. Ecological Applications. 20 (1): 5-15. doi:10.1890/08-0127.1  

Vodyanitskii, Y.N. & A.T. Savichev. 2017. The influence of organic matter on soil color 
using the regression equations of optical parameters in the system CIE- L*a*b*. 
Annals of Agrarian Science. 15 (3): 380-385. doi:10.1016/j.aasci.2017.05.023 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Vulevic, T., N. Dragovic, S. Kostadinov, S. Belanovic Simic & I. Milovanovic. 
2015. Prioritization of Soil Erosion Vulnerable Areas Using Multi-Criteria 
Analysis Methods. Polish Journal of Environmental Studies. 24: 317-323. 
doi:10.15244/pjoes/28962  

Wan, X., Z. Huang, Z. He, Z. Yu, M. Wang, M.R. Davis & Y. Yang. 2014. Soil C:N 
ratio is the major determinant of soil microbial community structure in 
subtropical coniferous and broadleaf forest plantations. Plant Soil. 387 (1-2): 
103-116. doi:10.1007/s11104-014-2277-4  

Wang, H., T.W. Boutton, W. Xu, G. Hu, P. Jiang & E. Bai. 2015. Quality of fresh 
organic matter affects priming of soil organic matter and substrate utilization 
patterns of microbes. Scientific Reports. 5 (1). doi:10.1038/srep10102 

Webb, M. 2009. A conceptual framework for determining economically optimal 
fertiliser use in oil palm plantations with factorial fertiliser trials. Nutrient Cycling 
in Agroecosystems. 83 (2): 163-178. doi:10.1007/s10705-008-9207-x 

Weldmichael, T. G., E. Michéli, H. Fodor & B. Simon. 2020. The Influence of depth on 
soil chemical properties and microbial respiration in the upper soil horizons. 
Eurasian Soil Science. 53 (6): 780-786. doi:10.1134/s1064229320060137 

Whalen, J.K. & C. Chang. 2002. Macroaggregate characteristics in cultivated soils 
after 25 annual manure applications. Soil Science Society of America Journal. 
66: 1637-1647. doi:10.2136/sssaj2002.1637  

White, A.C., A. Rogers, M. Rees & C.P. Osborne. 2015. How can we make plants 
grow faster? A source–sink perspective on growth rate. Journal of 
Experimental Botany. 67 (1): 31-45. doi:10.1093/jxb/erv447  

White, P.J. 2013. Improving potassium acquisition and utilisation by crop plants. 
Journal of Plant Nutrition and Soil Science. 176 (3): 305-316. 
doi:10.1002/jpln.201200121  

Wigena, I.G.P., D. Subardjal, Andriati & W. Sudana. 2008. Keragaan kesesuaian 
lahan dan strategi pengelolaan perkebunan kelapa sawit plasma 
berkelanjutan. Jurnal Pengkajian dan Pengembangan Teknologi Pertanian. 11 
(2): 171-186. 

Wigena, I.G.P., Sudrajat, S.R.P. Sitorus & H. Siregar. 2009. Karakterisasi tanah dan 
iklim serta kesesuaiannya untuk kebun kelapa sawit plasma, di Sei Pagar, 
Kabupaten Kampar, Provinsi Riau. Jurnal Tanah dan Iklim. 30: 1-16. 

Woittiez, L.S. 2019. On yield gaps and better management practices in Indonesian 
smallholder oil palm plantations. PhD thesis, Wageningen University. 
doi:10.18174/470340 

Woittiez, L.S., M. Slingerland & K.E. Giller. 2015. Yield gaps in Indonesian smallholder 
plantations: causes and solutions. In: PIPOC 2015 International Palm Oil 
Congress and Exhibition, 6-8 October, Kuala Lumpur.  

Woittiez, L.S., M. Slingerland, R. Rafik & K.E. Giller. 2018. Nutritional imbalance in 
smallholder oil palm plantations in Indonesia. Nutrient Cycling in 
Agroecosystems. 111 (1): 73-86. doi:10.1007/s10705-018-9919-5  

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Woittiez, L.S., M.T. van Wijk, M. Slingerland, M. van Noordwijk & K.E. Giller. 2017. 
Yield gaps in oil palm: A quantitative review of contributing factors. European 
Journal of Agronomy. 83: 57-77. doi:10.1016/j.eja.2016.11.002 

Xianhai, Z., P Denglang, L Weifu, & L Zifan. 2019. Impact analysis of climatic factors 
on vegetative growth, yield and cold resistance of oil palm introduced in 
different regions of guangdong province, China. Journal of Oil Palm 
Research. 31 (1): 73-85. doi:10.21894/jopr.2019.00p4 

Xie, L.W., J. Zhong, F.F. Chen, F.X.  Cao, J.J. Li & L.C. Wu. 2015. Evaluation of soil 
fertility in the succession of karst rocky desertification using principal 
component analysis. Solid Earth. 6 (2): 515-524. doi:10.5194/se-6-515-2015  

Xu, Z., Zhang, T., Wang, S., & Wang, Z. (2020). Soil pH and C/N ratio determines 
spatial variations in soil microbial communities and enzymatic activities of the 
agricultural ecosystems in Northeast China: Jilin Province case. Applied Soil 
Ecology. 155: 103629. doi:10.1016/j.apsoil.2020.103629  

Yahya, A., C.P. Sye, T.A. Ishola & H. Suryanto. 2010b. Effect of adding palm oil mill 
decanter cake slurry with regular turning operation on the composting process 
and quality of compost from oil palm empty fruit bunches. Bioresource 
Technology. 101 (22): 8736-8741. doi:10.1016/j.biortech.2010.05.073  

Yahya, Z., A. Husin, J. Talib, J. Othman, O.H. Ahmed & M.B. Jalloh. 2010a. Oil palm 
(Elaeis guineensis) roots response to mechanization in Bernam Series Soil. 
American Journal of Applied Sciences. 7 (3): 343-348. 
doi:10.3844/ajassp.2010.343.348  

Yasin, S. & Yulnafatmawita. 2018. Effects of slope position on soil physico-chemical 
characteristics under oil palm plantation in wet tropical area, West Sumatra 
Indonesia. AGRIVITA Journal of Agricultural Science. 40 (2): 328-337. 
doi:10.17503/agrivita.v40i2.880 

Yatno, E. & B.H. Prasetyo. 2010. Soils developed on serpentinite in Panyipatan 
District, South Kalimantan: Characteristics and their suitability for maize. Jurnal 
Tanah dan Iklim. 32/2010: 1-11. 

Yokoyama, D., T. Mori, R. Wagai, S. Hiradate & K. Kitayama. 2017. Characteristics 
of phosphorus fractions in the soils derived from sedimentary and serpentinite 
rocks in lowland tropical rain forests, Borneo. Soil Science and Plant Nutrition. 
64 (2): 218-221. doi:10.1080/00380768.2017.1421018  

Yoneyama, T., T. Ohkura & N. Matsumoto. 2015. Ecosystem fertility: A new paradigm 
for nutrient availability to plants in the humid tropics. Soil Science and Plant 
Nutrition. 61 (4): 698-703. doi:10.1080/ 00380768.2015.1017439 

Young, F.J. & R.D. Hammer. 2000. Soil-landform relationships on a loess-mantled, 
upland landscape in Missouri. Soil Science Society of America Journal. 64 (4): 
1443-1454. doi:10.2136/sssaj2000.6441443x 

Young, I.M., J.W. Crawford, N. Nunan, W. Otten & A. Spiers. 2008. Microbial 
distribution in soils: Physics and Scaling. Advances in Agronomy. 100: 81-121. 
doi:10.1016/ S0065-2113(08)00604-4 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Zainuddin, N., M.F. Keni & S.A.S. Ibrahim. 2019. Effect of biofertiliser containing 
different percentage rates of chemical fertiliser on oil palm seedlings. Journal 
of Oil Palm Research. 31 (4): 582-591. doi: 10.21894/jopr.2019.0053 

Zerpa, J.L., H.L. Allen, R.G. Campbell, J. Phelan & H. Duzan. 2010. Influence of 
variable organic matter retention on nutrient availability in a 10-year-old loblolly 
pine plantation. Forest Ecology and Management. 259 (8): 1480-1489. 
doi:10.1016/j.foreco.2010.01.024  

Zhang, H., J. Zhang, S. Zhang, C. Yu, R. Sun, D. Wang, … & J. Zhang. 
2020. Identification of priority areas for soil and water conservation planning 
based on multi-criteria decision analysis using choquet integral. International 
Journal of Environmental Research and Public Health. 17 (4): 1331. 
doi:10.3390/ijerph17041331  

Zhang, P., T. Wei, Y. Li, K. Wang, Z. Jia, Q. Han & X. Ren. 2015. Effects of straw 
incorporation on the stratification of the soil organic C, total N and C:N ratio in 
a semiarid region of China. Soil & Tillage Research. 153: 28-35. 
doi:10.1016/j.still.2015.04.008  

Zhang, Q., M. Shao, X. Jia & X. Wei. 2019. Changes in soil physical and chemical 
properties after short drought stress in semi-humid forests. Geoderma. 338: 
170-177. doi:10.1016/j.geoderma.2018.11.051  

Zhang, Y., J. Wang & Y. Feng. 2021. The effects of biochar addition on soil 
physicochemical properties: A review. Catena. 202: 105284. 
doi:10.1016/j.catena.2021.105284 

Zhi, X., Y. Han, Y. Li, G. Wang, L. Feng, B. Yang … & S. Mao. 2017. Root growth and 
spatial distribution characteristics for seedlings raised in substrate and 
transplanted cotton. PLOS ONE. 12 (12): e0190032. 
doi:10.1371/journal.pone.0190032  

Zhou, M., C. Liu, J. Wang, Q. Meng, Y. Yuan, X. Ma, … & W. Du. 2020. Soil 
aggregates stability and storage of soil organic carbon respond to cropping 
systems on Black Soils of Northeast China. Scientific Reports. 10 (1): 265. 
doi:10.1038/s41598-019-57193-1 

Zhu, H., Y. Zhao, F. Nan, Y. Duan & R. Bi. 2016. Relative influence of soil chemistry 
and topography on soil available micronutrients by structural equation 
modeling. Journal of Soil Science and Plant Nutrition. 16 (4): 1038-1051. 
doi:10.4067/S0718-95162016005000076 

Zhu, J., M. Li & M. Whelan. 2018. Phosphorus activators contribute to legacy 
phosphorus availability in agricultural soils: A review. Science of the Total 
Environment. 612: 522-537. doi:10.1016/j.scitotenv.2017.08.095  

Zhu, M., Q. Feng, M. Zhang, W. Liu, Y. Qin, R.C. Deo & C. Zhang. 2018. Effects of 
topography on soil organic carbon stocks in grasslands of a semiarid alpine 
region, northwestern China. Journal of Soils and Sediments. 
doi:10.1007/s11368-018-2203-0  

Ziadat, F.M., A.Y. Taimeh & B.I. Hattar. 2010. Variation of soil physical properties and 
moisture content along toposequences in the arid to semiarid area. Land 
Research and Management. 24 (2): 81-97. doi:10.1080/15324981003635396 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/



Zinn, Y.L., G.J. Marrenjo & C.A. Silva. 2018. Soil C:N ratios are unresponsive to land 
use change in Brazil: A comparative analysis. Agriculture, Ecosystems & 
Environment. 255: 62-72. doi:10.1016/j.agee.2017.12.019  

Zolfaghari, Z., M.R. Mosaddeghi, S. Ayoubi & H. Kelishadi. 2015. Soil atterberg limits 
and consistency indices as influenced by land use and slope position in 
Western Iran. J. Mt. Sci. 12 (6): 1471-1483. doi:10.1007/s11629-014-3339-z 

Zörb, C., M. Senbayram & E. Peiter. 2014. Potassium in agriculture – Status and 
perspectives. Journal of Plant Physiology. 171 (9): 656-669. 
doi:10.1016/j.jplph.2013.08.008.  

  

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FAKTOR PEMBATAS DAN MODEL PENGELOLAAN HARA KEBUN KELAPA SAWIT PADA
BEBERAPA TOPOSEKUEN ULTRABASA DI
SULAWESI TENGGARA
SYAMSU ALAM, Dr. Ir. Benito Heru Purwanto, MP., M.Agr.; Dr. Ir. Eko Hanudin, MS.; Eka Tarwaca Susila Putra, SP., MP., Ph.D.
Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/


