
43 
 

DAFTAR PUSTAKA 

 

Abdel-Rahman E.M., Mutanga O., Odindi J., Adam E.M.I., Odindo A. and Ismail R. 
2017. Estimating Swiss chard foliar macro- and micronutrient 
concentrations under different irrigation water sources using ground-based 
hyperspectral data and four partial least squares (PLS)-based (PLS1, 
PLS2, SPLS1 and SPLS2) regression algorithms. Computers and 
Electronics in Agriculture. 132, 21–33. https://doi.org/ 10.1016/j. compag. 
2016.11.008. 

Abdel-Rahman, A.A., Abdul Maulud, K.N., Mohd, F.A., Jaafar, O., Tahar, K.N., 
2017. Volumetric calculation using low cost unmanned aerial vehicle (UAV) 
approach. IOP Conf. Series: Mater. Sci. Eng. 270 (1) https://doi.org/ 
10.1088/1757-899X/270/1/ 012032. 

Abdel-Rahman, E. M., F. B. Ahmed, and M. van den Berg. 2008. “Imaging 
Spectroscopy for Estimating Sugarcane Leaf Nitrogen Concentration.” In 
Proceedings of Remote Sensing for Agriculture, Ecosystems, and 
Hydrology X, edited by C. M. U. Neale, M. Owe, and G. D’Urso, Cardiff, 
UK, September 16–18, 2008, V-1–12. Cardiff: SPIE. 

Abdel-Rahman, E.M., Ahmed, F.B., Ismail, R. 2012. Random forest regression and 
spectral band selection for estimating sugarcane leaf nitrogen 
concentration using EO-1 Hyperion hyperspectral data. International 
Journal of Remote Sensing. Vol. 34, No. 2, 712–728. 
http://dx.doi.org/10.1080/01431161.2012.713142. 

Abdel-Rahman, E.M.; Ahmed, F.B.; Van den Berg, M. 2010. Estimation of 
sugarcane leaf nitrogen concentration using in situ spectroscopy. Int. J. 
Appl. Earth Obs. Geoinf. 12, S52–S57. 

Abdul Maulud, K.N., Arif, F., Ab Rahman, A.A. 2019. Low-cost UAV for 
determination of horizontal and vertical coordinates changes near coastal 
area. In: 40th Asian Conference on Remote Sensing, ACRS 2019: 
Progress of Remote Sensing Technology for Smart Future, 3(October), 
1979–1984 

Ahirwar, S., Swarnkar, R., Bhukya, S., Namwade, G. 2019. Application of drone in 
agriculture. International Journal of Current Microbiology and Applied 
Sciences 8, 2500–2505. https://doi.org/10.20546/ijcmas.2019.801.264. 

Ahmed, M.A.A., Alebidi, A., Al-Obeed, R., Omar, A., 2023. Effect of foliar spray of 
yeast extract and potassium nitrate on yield and fruit quality on Ziziphus 
jujuba L. trees. Acta Scientiarum Polonorum Hortorum Cultus 22, 3–10. 

Akbari, E., Boloorani, A. D., Samany, N. N., Hamzeh, S., Soufizadeh, S., & Pignatti, 
S. 2020. Crop Mapping Using Random and Particle Swarm Optimization 
based on Multi-Temporal Sentinel-2. Remote Sensing, 12(9), 1–21. 
https://doi.org/10.3390/rs12091449 

Akmal, F., Ramdani, F., dan Pinandito, A. 2018. Sistem Informasi Pengelolaan 
Perkebunan Kelapa Sawit Berbasis Web GIS. Jurnal Pengembangan 
Teknologi Informasi dan Ilmu Komputer. 2 (5): 1894-1901. https://j-
ptiik.ub.ac.id/index.php/j-ptiik/article/view/1415 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

https://doi.org/


44 
 

Alemán-Montes, B., Zabala, A., Henríquez, C., Serra, P. 2023. Modelling Two 
Sugarcane Agro-Industrial Yields Using Sentinel/Landsat Time-Series 
Data and Their Spatial Validation at Different Scales in Costa Rica. Remote 
Sens. 15(23), 5476. https://doi.org/10.3390/rs15235476 

Alin, A. 2010.  Multicollinearity. Wiley Interdiscip. Rev. Comput. Stat.  2, 370–374. 
https://doi.org/10.1002/wics.84 

Amaral, L.R., J.P. Molin, G. Portz, F.B. Finazzi, and L. Cortinove. 2015. 
Comparison of crop canopy reflectance sensors used to identify sugarcane 
biomass and nitrogen status. Precis. Agric. 16:15–28. doi:10.1007/s11119-
014-9377-2 

ArcGis Pro. 2024. An overview of the image analysis function-Band indices-SR. 
Diakses pada 25 Oktober 2024. https://pro.arcgis.com/en/pro-app/latest/ 
arcpy/image-analyst/sr.htm. 

ArcGis Pro. 2025. An overview of the image analysis function-Band indices-SR. 
Diakses pada 07 April 2025. https://pro.arcgis.com/en/pro-app/latest/ 
arcpy/image-analyst/sr.htm. 

Balai Penelitian Tanah. 2005. Petunjuk teknis analisis kimia tanah, tanaman, air 
dan pupuk. Bogor: Balai Penelitian Tanah. https://repository. 
pertanian.go.id/server/api/core/bitstreams/77f52e6b-6a13-48bc-96d1-d6a 
35025d793/content. (Diakses pada 4 Agustus 2024). 

Barboza, T.O.C., Ardigueri, M., Souza, G.F.C., Ferraz, M.A.J., Gaudencio, J.R.F., 
dos Santos, A.F. 2023. Performance of vegetation indices to estimate 
green biomass accumulation in common bean. AgriEngineering. 5, 840–
854. https://doi.org/10.3390/ agriengineering5020052 

Barnes, E. M, Clarke, T.R., Richard, S.E. 2000. Coincident detection of crop water 
stress, nitrogen status and canopy density using ground-based 
multispectral data. Fifth international conference on precision agriculture, 
Madison, WI: American Society of Agronomy.  

Bhatt, R.; Sharma, M. 2011. Potassium Scenario—A case study in the Kapurthala 
district of Punjab, India. Agric. Res. J. 48, 24–27. 

Boschiero, B.N., de Castro, S.G.Q., da Rocha, A.E.Q., Franco, H.C.J., Carvalho, 
J.L.N., Soriano, H.L., dos Santos, J.A., Bressiani, J.A. and Kölln, O.T. 2019. 
Biomass production and nutrient removal of energy cane genotypes in 
Northeastern Brazil. Crop Science, 59(1), pp.379-391. 

BPS Badan Pusat Statistik. 2022. Indonesia sugar cane statistics. 
https://www.bps.go.id/id/publication/2023/11/30/3296e8514178dfdad17fc5
00/statistik-tebu-indonesia-2022.html.  

BPS Badan Pusat Statistik. 2024. Rata-rata konsumsi per kapita seminggu 
beberapa macam bahan makanan penting,2007-2023. https: //www. 
bps.go.id/id/statistics-table/1/OTUwIzE=/rata-rata-konsumsi-per-kapita-
seminggu-beberapa-macam-bahan-makanan-penting--2007-2023.html. 

Brhane, H.T. Mamo. and K. Teka. 2017. Optimum potassium fertilization level for 
growth, yield and nutrient uptake of wheat (Triticum aestivym) in Vertisols 
of Northern Ethiopia. Cogent Food & Agriculture. 3: 1347022. 
DOI:10.1080/23311932.2017.1347022 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

http://dx.doi.org/10.1080/23311932.2017.1347022


45 
 

Cakmak, I. 2005.The role of potassium in alleviating detrimental effects of abiotic 
stresses in plants. J. Plant Nutr. Soil Sci. 168, 521–530. 

Candiago, S., Remondino, F., De Giglio, M., Dubbini, M., & Gattelli, M. 2015. 
Evaluating multispectral images and vegetation indices for precision 
farming applications from UAV images. Remote Sensing, 7(4), 4026–4047. 
https://doi.org/10.3390/rs70404026 

Cavalcante, V.S., de Mello Prado, R., de Almeida, H.J., Cruz, F.J. R.dos Santos, 
D.M.M. 2015. Gaseous exchanges, growth and foliar anatomy of 
sugarcane plants grown in potassium (K) deprived nutrient solution. 
Australian Journal of Crop Science. 9(7):577-584. 

Chan, J.Y.L., Leow, S.M.H., Bea, K.T., Cheng, W.K., Phoong, S.W., Hong, Z.W., 
Chen, Y.L. 2022. Mitigating the Multicollinearity Problem and Its Machine 
Learning Approach: A Review. Mathematics, 10(8), 1283; 
https://doi.org/10.3390/math10081283 

Clarke, T.R., Moran, M.S., Barnes, E.M., Pinter, P.J. and Qi, J. 2001. Planar 
domain indices: A method for measuring a quality of a single component in 
two-component pixels. IEEE International Geoscience and Remote 
Sensing Symposium, Sydney, Australia, 9–13 July 2001. DOI:10.1109/ 
IGARSS.2001.976818 

Deng, S., Gao, M., Ren, C., Li, S., Liang, Y. 2022. Extraction of sugarcane planting 
area on similarity of NDVI time series. IEEE Access.3219841 

Du, Q., X. Zhao., C. Jiang., X. Wang., Y. Han., J. Wang and H. Yu. 2017. Effect of 
potassium deficiency on root growth and nutrient uptake in maize. 
Agricultural Sciences. 8: 1263-1277. DOI: 10.4236/as.2017.811091  

Duan, B., Liu, Y., Gong, Y., Peng, Y., Wu, X., Zhu, R., Fang, S. 2019. Remote 
estimation of rice LAI based on Fourier spectrum texture from UAV image. 
Plant Methods. 15:124 https://doi.org/10.1186/s13007-019-0507-8 

EOSDA. 2025. NDRE: Normalized Difference Red Edge Index. Diakses pada 07 
April 2025. https://eos.com/make-an-analysis/ndre/ 

FAOSTAT. 2023. Food Outlook. FAO, Rome. https: //openknowledge. fao. Org 
/server/ api/ core/ bitstreams/ 30a4511b- 6b25 -47e9-be3e 751bbfa86057/ 
content. (Diakses pada 20 Agustus 2024).  

Fauzan. R., Indrasary. Y., Muthia. N. 2018. Sistem Pendukung Keputusan 
Penerimaan Beasiswa Bidik Misi di POLIBAN dengan Metode SAW 
Berbasis Web. J. Online Inform., 2(2), p. 79. doi: 10.15575/join. v 2i2.101. 

Fauzi, W.R dan Putra, E.T.S. 2019. Impact of pottasium and drought streeson 
nutrient uptake and production of palm oil (Elaeis gueenensis Jacq.) 
seedling biomass. J. Pen.Kelapa Sawit. 27(1):41-56. http://dx. doi.org/ 
10.22302/iopri.jur.jpks.v27i1.74 

Feng, S., Zhao, J., Liu, T., Zhang, H., Zhang, Z., & Guo, X. 2019. Crop Type 
Identification and Mapping Using Machine Learning Algorithms and 
Sentinel-2 Time Series Data. IEEE Journal of Selected Topics in Applied 
Earth Observations and Remote Sensing. https://doi.org/10.1109/ 
JSTARS.2019.2922469. 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

https://doi.org/10.4236/as.2017.811091
http://dx/
https://doi.org/10


46 
 

Ferencz, C., Bognar, P., Lichtenberger, J., Hamar, D., Tarcsai, G., Timar, G., 
Molnar, G., Pásztor, S., Steinbach, P., Szekely, B. 2004. Crop yield 
estimation by satellite remote sensing. International Journal of Remote 
Sensing. 25: 4113-49. DOI:10.1080/01431160410001698870 

Filho, A.C.D.A.C., C.A.C. Crusciol., A.S. Nascente., M. Mauad and R.A. Garcia. 
2017. Influence of potassium levels on root growth and nutrient uptake of 
upland rice cultivars. Rev. Caatinga, Mossoró. 30 (1): 32 – 44. 

Fortes, C.; Demattê, J.A.M. 2006. Discrimination of sugarcane varieties using 
Landsat 7 ETM+ spectral data. Int. J. Remote Sens. 27, 1395–1412. 

Frampton, W.J., Dash, J., Watmough, G., Milton, E.J. 2013. Evaluating the 
capabilities of Sentinel-2 for quantitative estimation of biophysical variables 
in vegetation. ISPRS J. Photogramm. Remote Sens. 82, 83–92. 
https://doi.org/10.1016/j.isprsjprs.2013.04.007 

Frampton, W.J.; Dash, J.; Watmough, G.; Milton, E.J. 2013. Evaluating the 
capabilities of Sentinel-2 for quantitative estimation of biophysical variables 
in vegetation. ISPRS J. Photogramm. Remote Sens. 82, 83–92. 
http://dx.doi.org/10.1016/j.isprsjprs.2013.04.007 

Galvão, L.S.; Formaggio, A.R.; Tisot, D.A. 2006. The influence of spectral 
resolution on discriminating Brazilian sugarcane varieties. Int. J. Remote 
Sens. 27, 769–777 

Ghorbanian, A., Zaghian, S., Asiyabi, R.M., Amani, M., Mohammad zadeh, A. &    
Jamali, S. 2021. Mangrove ecosystem mapping using sentinel-1 and 
sentinel-2 satellite images and random forest algorithm in google earth 
engine. Remote Sensing, 13(13), 1-18. DOI: https:// doi. org/10. 3390 / rs 
13132565. 

Ginting, E.N., dan Wiratmoko, D. 2021. Potensi dan tantangan penerapan 

Precision Farming dalam upaya membangun perkebunan kelapa sawit 

yang berkelanjutan. Warta PPKS. 26(2):55-66. https: // doi. org/ 10. 22302/ 

iopri.war. warta. v26i2.47 

Gitelson, A.A., Gritz, Y., Merzlyak, M.N., 2003. Relationships between leaf 
chlorophyll content and spectral reflectance and algorithms for non-
destructive chlorophyll assessment in higher plant leaves. J. Plant Physiol. 
160 (3), 271–282. https://doi. org/10.1078/0176-1617-00887. 

Goldstein, B. A., A. E. Hubbard, A. Cutler, and L. F. Barcellos. 2010. “An 
Application of Random Forests to a Genome-Wide Association Dataset: 
Methodological Consideration & New Findings.” BMC Genetics 11: 1–13. 

Hakim, M dan M. Arifin. 2011. Beberapa Cara Perbaikan Tanam pada Tanaman 
Tebu Ratoon. Bandung: Fak. Pertanian Universitas Padjadjaran. 

Hasanuzzaman, M., Bhuyan, M.H.M.B., Nahar, K., Hossain, M.S., Al mahmud, J., 
Hossen, M.S., Masud, A.A.C., Moumita., Fujita, M. 2018. Potassium: A 
Vital Regulator of Plant Responses and Tolerance to Abiotic Stresses. 
Agronomy, 8(3), 31; https://doi.org/10.3390/agronomy8030031 

 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



47 
 

Hashim, H., Abd Latif, Z., Adnan, N.A. 2019. Urban vegetation classification with 
Ndvi threshold value method with very high resolution (VHR) Pleiades 
imagery. In: 6th International Conference on Geomatics and Geospatial 
Technology, XLII-4/W16, 237–240. doi: 10.5194/isprs-archives-xlii-4-w16-
237-2019. 

Hassan, M.A., Yang, M., Rasheed, A., Yang, G., Reynolds, M., Xia, X., Xiao, Y., 
He, Z. 2018. A rapid monitoring of NDVI across the wheat growth cycle for 
grain yield prediction using a multi-spectral UAV platform. Plant Sci., 2018, 
1–9. doi: 10.1016/j. plantsci.2018.10.022 

Hatfield, J.L., Prueger, J.H., Sauer, T.J., Dold, C., O’Brien, P., Wacha, K. 2019. 
Applications of vegetative indices from remote sensing to agriculture: Past 
and future, Inventions 4 (4) 71. https://doi.org/10.3390/inventions4040071. 

Heri Santoso dan Winarna. 2021. The Explorating of The Oil Palm Leaf Nutrients 
Content Using Unmanned Aerial Vehicle and Multispectral Camera. J. Pen. 
Kelapa Sawit. 29(1): 49-62. https://doi.org/10.22302/iopri.jur.jpks. 
v29i1.145 

Herwanto, H. W., Widiyaningtyas, T., & Indriana, P. 2019. Penerapan Algoritme 
Linear Regression untuk Prediksi Hasil Panen Tanaman Padi. Jurnal 
Nasional Teknik Elektro Dan Teknologi Informasi (JNTETI), 8(4), 364. 
DOI:10.22146/jnteti. v 8i4.537 

Hidayat dan Mulyani. 2002. Lahan Kering untuk Pertanian, dalam Teknologi 
Pengelolaan Lahan Kering Menuju Pertanian Produktif dan Ramah 
Lingkungan. Bogor: Pusat Penelitian dan Pengembangan Tanah dan 
Agroklimat. 

Hu, L., Xu, N., Liang, J., Li, Z., Chen, L.& Zhao, F. 2020.   Advancing   the   mapping   
of   mangrove forests   at   national-scale   using   Sentinel-1   and Sentinel-
2   time-series   data   with   Google   Earth Engine:  A case study in China. 
Remote Sensing, 12(19). DOI: https://doi.org/10.3390/ RS12193120. 

Huang, S., Tang, L., Hupy, J.P., Wang, Y., Shao, G., 2021. A commentary review 
on the use of normalized difference vegetation index (NDVI) in the era of 
popular remote sensing. J. For. Res. 32 (1), 1–6. https://doi.org/10.1007/s 
11676-020-01155-1 

Huete, A. 1988. A soil-adjusted vegetation index (SAVI). Remote Sensing of 
Environment, 25(3), 295-309. https://doi.org/10.1016/0034-4257 (88) 90 1 
06-X 

Huete, A.R. 1988. A soil-adjusted vegetative index (SAVI). Remote Sens. Environ. 
25, 295–309. https://doi.org/10.1016/0034-4257(88)90106-X 

Huete, A.R. 1988. Remote Sensing of Environment: A SoilAdjusted Vegetation 
Index (SAVI). Arizona, USA: Department of Soil and Water Science, 
University of Arizona. 

Husnain, A., Kasno, S., Rochayati. 2016. Pengelolaan hara dan teknologi 

pemupukan mendukung swasembada pangan di Indonesia. Jurnal 

Sumberdaya Lahan. 10(1): 25-36. https://dx.doi.org/10.2017/jsdl. v10n1. 

2016.%p. 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

https://doi.org/
http://dx.doi.org/10.22146/jnteti.v8i4.537
https://doi.org/
https://doi.org/10.1016/0034-4257
https://dx.doi.org/10.2017/jsdl.v10n1.2016.%25p
https://dx.doi.org/10.2017/jsdl.v10n1.2016.%25p


48 
 

Irsyam, M., Khristianto, W., Diniyah, N. 2023. Pemetaan jenis tanah menggunakan 
pendekatan machine learning data citra sentinel 2: studi kasus di 
Lumajang, Jawa Timur, Indonesia. Seminar Nasional Teknik Sipil 
(SINTESI). 1(1): 273-285. DOI: https://doi.org/10.56071/sintesi.v1i1.703 

Ivushkin, K., Bartholomeus, H., Bregt, A.K., Pulatov, A., Franceschini, M.H.D., 
Kramer, H., Van Loo, E.N., Jaramillo, V., Finkers, R., 2019. UAV based soil 
salinity assessment of cropland. Geoderma 338 (May 2018), 502–512. 
https://doi.org/ 10.1016/j.geoderma.2018.09.046 

Jones, H.G.; Vaughan, R.A. 2010.Remote Sensing of Vegetation: Principles, 
Techniques, and Applications; Oxford University Press: Oxford, UK. 

Jorge, J., Vallb´e, M., Soler, J.A., 2019. Detection of irrigation inhomogeneities in 
an olive grove using the NDRE vegetation index obtained from UAV 
images. Eur. J. Rem. Sens. 52 (1), 169–177. https://doi.org/10. 
1080/22797254.2019.1572459. 

Jorge, L.A.de C., and R.Y. Inamasu. 2014. Uso de veı ´culos ae ´reos na ˜o 
tripulados (VANT) em Agricultura de Precisa ˜o. In Agricultura de precisa 
˜o: resultados de um novo olhar, ed. EMBRAPA (Brazilian Agricultural 
Research Corporation) 1:109–134. Brası´lia. 

Kadarwati, F.T. 2016.  Tanah, Nutrisi, dan Pemupukan pada Tebu. Peningkatan 
Produktivitas Tebu Untuk Mempercepat Swasembada Gula. Cetakan I. 
IAARD Press, Jakarta. Hal. 97-132. 

Kandhro, M.N., Mangrio, N., Soomro, A. 2021. Impact of NPK Fertilization on 
Growth and Yield of Sugarcane (Saccharum officinarum L.) under Different 
Planting Methods. Pakistan Journal of Agriculture Research. 34(2). 
DOI:10.17582/journal.pjar/2021/34.2.346.355 

Kandhro, M.N., Mangrio, N., Soomro, A.A., Shah, Z.U.H., Mangrio, G.S., Mari, N., 
Abbasi, Z.A., and Tunio, S.P. 2021. Impact of NPK fertilization on growth 
and yield of sugarcane (Saccharum officinarum L.) under different planting 
methods. Pakistan Journal of Agricultural Research. 34(2): 346-355. 
http://dx.doi.org/10.17582/journal.pjar/2021/34.2.346.355. 

Karthikeyan, K., dan Shanmugan, M. 2017. The effect of potassium-rich 
biostimulant from seaweed Kappaphycus alvarezzi on yield and quality of 
cane and cane juice of sugarcane var. Co 86032 under plantation and 
ratoon crops. J. Appl Phycol. 29:3245-3252. DOI 10.1007/s10811-017-
1211-6 

Katekar, V., Cheruku, J.K., 2023. The application of drone technology for 
sustainable agriculture in India. Curr. Agric. Res. J. 10, 352–365. 
https://doi.org/10.12944/ carj.10.3.19. 

Kementan. 2022. Sugarcane mosaic virus (SCMV). https://ditjenbun.pertanian. 
go.id/sugarcane-mosaic-virus-scmv/. Diakses pada 11 April 2025. 

Ketaren, S.E., Marbun, P., Marpaung, P. 2014. Klasifikasi Inceptisol pada 
Ketinggian Tempet yang Berbeda di Kecamatan Lontong Nihuta 
Kabupaten Hasundutan. Jurnal Online Agroteknologi. 2(4).1451-1458. 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

http://dx.doi.org/10.17582/journal.pjar/2021/34.2.346.355


49 
 

Khan, I. Khatri, A. Nizamani, G. Siddiqui, M. Raza, S. Dahar, N. 2005. “Effect of 
NPK fertilizers on the growth of sugarcane clone AEC86-347 developed at 
NIA, Tando Jam, Pakistan”. Pak. J. Bot., 37(2): 355–360. 

Khanal, S., Fulton, J., Shearer, S. 2017. An overview of current and potential 
applications of thermal remote sensing in precision agriculture. Comput. 
Electron. Agric. 13922–32. doi: 10.1016/j.compag.2017.05.001. 

Khuimphukhieo, I., Zhao, L., Ghansah, B., Scott, J.L.L., Fernandez-Montero, O., 
da Silva, J.A., Foster, J.L., Li, H., Bhandari, M. 2025. Use of Uncrewed 
Aerial System (UAS)-Based Crop Features to Perform Growth Analysis of 
Energy Cane Genotypes. Plants 2025, 14(5), 654. 
https://doi.org/10.3390/plants14050654. 

Khuzaimah, K., Nawi, N.M., Adam, S.N., Kalantar, B., Emeka, O.J., Ueda, N. 2022. 
Application and potential of drone technology in oil palm plantation: 
potential and limitations, J. Sens. 2022 (1) (2022) 5385505, 
https://doi.org/10.1155/2022/ 5385505. 

Kumar, N. 2019.  Advantages and disadvantages of random forest algorithm in 
machine learning. https://theprofessionalspoint.blogspot.com/2019/02/ 
advantages-and-disadvantages-of-random.html 

Kurniasari, R.I., Dwidjono, H.D., Sri, W. 2015. Permintaan gula kristal mentah 

Indonesia. Jurnal Ilmu Pertanian, 18(1), 24-30. https: //doi. org/ 10. 22146/ 

ipas.6173. 

Laamrani, A., Joosse, P., McNairn, H., Berg, A.A, Hagerman, J., Powell, K., Berry, 
M. 2020. Assessing soil cover levels during the non-growing season using 
multitemporal satellite imagery and spectral unmixing techniques. Remote 
Sens. 12, 1397. https://doi.org/10.3390/rs12091397. 

Lee, C., Kim, S., Chu, B. 2021. A survey: flight mechanism and mechanical 
structure of the UAV. International Journal of Precision Enginering and 
Manufacturing. 22:719-743.https://doi.org/10.1007/s12541-021-00489-y. 

Leite, G.H.P., C.A.C, Crusciol, G.F. de Siqueira, and M.de Almeida Silva I. 2015. 
Plant regulators and invertase activity in sugarcane at the beginning of the 
harvest season (Reguladores vegetais e atividade de invertases em cana 
de açúcar no início da safra). Ciência Rural, Santa Maria 45 (10):1788–
1794. DOI:10.1590/0103-8478cr20141363 

Lemenkova, P., and Debeir, O. 2023. Computing Vegetation Indices from the 
Satellite Images Using GRASS GIS Scripts for Monitoring Mangrove 
Forests in the Coastal Landscapes of Niger Delta, Nigeria. J. Mar. Sci. 
Eng. 11(4), 871; https://doi.org/10.3390/jmse11040871 

Li, X., Ba, Y., Zhang, M., Nong, M., Yang, C., Zhang, S. 2022. Sugarcane Nitrogen 
Concentration and Irrigation Level Prediction Based on UAV Multispectral 
Imagery. Sensors 2022, 22, 2711. https:// doi.org/ 10. 3390/s22072711. 

Li, Y.R.; Yang, L.T. 2015. Sugarcane agriculture and sugar industry in China. 
Sugar Technol. 17, 1–8. DOI 10.1007/s12355-014-0342-1 

 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

https://theprofessionalspoint.blogspot.com/2019/02/
http://dx.doi.org/10.1590/0103-8478cr20141363
https://doi.org/10.3390/jmse11040871


50 
 

Liu, B., Liu, H., Cao, W., Tian, Y., Cheng, T., Yao, X., Zhu, Y., Cao, Z., 2019. 
Comparison of the abilities of vegetation indices and photosynthetic 
parameters to detect heat stress in wheat. Agric. For. Meteorol. 265, 121–
136. https://doi.org/10.1016/j. agrformet.2018.11.009. 

Lu, B., Dao, P.D., Liu, J., He, Y., Shang, J. 2020. Recent advances of hyperspectral 
imaging technology and applications in agriculture. Remote Sens. 12, 
2659. https://doi.org/10.3390/rs12162659. 

Lu, J., Yang, T., Su, X., Qi, H., Yao, X., Cheng, T., Zhu, Y., Cao, W., Tian, Y. 2020. 
Monitoring leaf potassium content using hyperspectral vegetation indices 
in rice leaves. Precision Agriculture. 21:324–348. 
https://doi.org/10.1007/s11119-019-09670-w. 

Maccioni, A., Agati, G., & Mazzinghi, P. 2001. New vegetation indices for remote 
measurement of chlorophylls based on leaf directional reflectance spectra. 
Journal of Photochemistry and Photobiology B: Biology, 61(1–2), 52–61. 
doi:10.1016/S1011-1344(01)00145-2 

Mangewa, L.J., Ndakidemi, P.A., Alward, R.D., Kija, H.K., Bukombe, J.K., 
Nasolwa, E.R., Munishi, L.K. 2022. Comparative Assessment of UAV and 
Sentinel-2 NDVI and GNDVI for Preliminary Diagnosis of Habitat 
Conditions in Burunge Wildlife Management Area, Tanzania. Earth 3, 769–
787. https://doi.org/10.3390/ earth3030044 

McCormick, A.J., Cramer, M.D., and Watt, D.A. 2006. “Sink strength regulates 
photosynthesis in sugarcane”. New Phytol. 171:759 –770. 
https://doi.org/10.1111/j.1469-8137.2006.01785.x 

Megawati dan Ulfa, M.2020. Decision support system methods: a review. Journal 
of Information System and Informatics. 2 (1): 192-201.  DOI: 10.33557/ 
journalisi. v 2i1.63. 

Merl, T., Rasmussen, M.R., Koch, L.R., Søndergaard, J.V., Bust, F.F., Koren, K., 
2022. Measuring soil pH at in situ like conditions using optical pH sensors 
(pH-optodes). Soil Biol. Biochem. 175, 108862. 

Migliavacca, M., Simmer, C., van der Tol, C., Schneider, F.D., Morsdorf, F., 
PaulLimoges, E., Damm, A., Rascher, U., Haghighi, E., 2018. Remote 
sensing of plantwater relations: An overview and future perspectives. J. 
Plant Physiol. 227, 3–19. https://doi.org/10.1016/j.jplph.2018.04.012. 

Moges, S., Raun, W., Mullen, R., Freeman, K., Johnson, G., Solie, J. 2005. 
Evaluation of green, red, and near infrared bands for predicting winter 
wheat biomass, nitrogen uptake, and final grain yield. J. Plant Nutr. 27, 
1431–1441. https://doi.org/10.1081/PLN-200025858 

Mokarram, M., Hojjati, M., Roshan, G., Negahban, S., 2015. Modeling the behavior 
of vegetation indices in the salt dome of Korsia in North-east of Darab, fars, 
Iran. Modeling Earth Systems and Environment 1, 1–9. 
https://doi.org/10.1007/s40808- 015-0029-y. 

Moriya, E.A.S., Imai, N.N., Tommaselli, A.M.G., Honkavaara, E., Rosalen, D.L. 
2023. Design of Vegetation Index for Identifying the Mosaic Virus in 
Sugarcane Plantation: A Brazilian Case Study. Agronomy, 13(6), 1542. 
https://doi.org/10.3390/agronomy13061542 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

https://doi.org/10.33557/journalisi.v2i1.63
https://doi.org/10.33557/journalisi.v2i1.63
https://doi.org/10.1016/j.jplph.2018.04.012


51 
 

Moura, E.A., Mendonça, V., Figueirˆedo, V.B., Oliveira, L.M., Melo, M.F., Irineu, 
T.H.S., Andrade, A.D.M., Chagas, E.A., Chagas, P.C., Ferreira, E.S., 2023. 
Irrigation depth and potassium doses affect fruit yield and quality of Figs 
(Ficus carica L.). Agriculture.13, 640. 

Muhammad, ES; El Baroudy, AA; El-beshbeshy, T.; Emam, M.; Belal, AA; Elfadaly, 
A.; Aldosari, AA; Ali, SAYA; Lasaponara, R. Spektroskopi Vis-nir dan data 
satelit Landsat-8 oli untuk memetakan unsur hara tanah dalam kondisi 
kering: Studi kasus di pantai barat laut Mesir. Sensor Jarak Jauh. 2020, 12, 
3716 

Mulyono, D. 2011. Analisis kesesuaian lahan danevaluasi jenis tanah dalam 
budidaya tanaman tebu untuk pengembangan daearah Kabupaten Tegal. 
Jurnal Sains dan Teknologi Indonesia. 13(2): 116-123. https://media. 
neliti.com/ media/ publications/ 129368-ID-analisis-kesesuaian-lahan-dan-
evaluasi-j.pdf 

Muslim, A.M., Chong, W.S., Safuan, C.D.M., Khalil, I., Hossain, M.S. 2019. Coral 
Reef Mapping of UAV: A Comparison of Sun Glint Correction Methods. 
Remote Sensing, 11, 2422. https://doi.org/10.3390/rs11202422. 

Nahirnick, N.K., Reshitnyk, L., Campbell, M., Hessing-Lewis, M., Costa, M., 
Yakimishyn, J., Lee, L.  2019. Mapping With Confidence; Delineating 
Seagrass Habitats Using Unoccupied Aerial Systems (UAS).  Remote 
Sensing in Ecology and Conservation, 7,121-135. 
https://doi.org/10.1002/rse2.98. 

Nicolis, O dan Gonzalez, C. 2021. 19 - Wavelet-based fractal and multifractal 
analysis for detecting mineral deposits using multispectral images taken by 
drones. Methods and Applications in Petroleum and Mineral Exploration 
and Engineering Geology. p. 295-307. https://doi.org/10.1016/B978-0-323-
85617-1.00017-5 

Nigam, S., Jain, R., Marwaha, S., Arora, A., Haque, M.A., Dheeraj, A. and Singh, 
V.K. 2023. Deep transfer learning model for disease identification in wheat 
crop. Ecological Informatics 75: 102068. https:// doi. org/ 10. 1016/j. ecoinf. 
2023. 102068. 

Nuryanto, E. dan Ellen. 2017. Analysis of macronutriens contents in soil with near 

infrared (NIR) spectroscopy. J. Pen.Kelapa sawit. 25(2):85-94. http: //dx. 

doi.org/10.22302/iopri.jur.jpks.v25i2.27 

Oliveira, M.W., G.A.R. Macedo, J.A. Martins, V.S.G. Silva, A.B. Oliveira. 2018. 
Mineral Nutrition and Fertilization of Sugarcane. In Oliveira, A.D. (Ed). 
Sugarcane: Technology and Research. IntechOpen. pp. 169-191. 
http://dx.doi.org/10.5772/intechopen.72300 

Oliveira, R.P., Junior, M.R.B., Pinto, A.A., Oliveira, J.L.P., Zerbato, C., Frlani, 

C.E.A. 2022. Predicting Sugarcane Biometric Parameters by UAV 

Multispectral Images and Machine Learning. Agronomy 2022, 12, 1992. 

https:// doi.org/10.3390/agronomy12091992. 

 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

https://media/
https://doi.org/10.3390/rs11202422
https://doi.org/10.1002/rse2.98
https://doi.org/10.1016/B978-0-323-85617-1.00017-
https://doi.org/10.1016/B978-0-323-85617-1.00017-


52 
 

Osakabe, Y., Shinozaki, Y., Shinozaki, K., PhanTran, L.S. 2013. Sensing the 
environment: Key roles of membrane-localized kinases in plant perception 
and response to abiotic stress. J. Exp. Bot. 64, 445–458. DOI: 10. 1093 / 
jxb/ers354 

Otto, R. Altarugio, L.M., Moretti, S.M.L., Tenelli, S., Soares, J.R., Marcelo, G.C.B., 
Davi, M.C., Mellis, E.V. 2023. Multisite potassium fertilization effects on 
sugarcane ratoon yield and economic return in South-Central Brazil. Nutr 
Cycl Agroecosyst. 127:393–408. https://doi.org/10. 1007/ s10705-023-
10324-7 

Otto, R., Vitti, G.C., de Cerqueira Luz, P.H. 2010. Potassium fertilizer management 

for sugarcane. Rev. Bras. Ciênc. Solo.34(4):113 7-45. DOI: 

10.1590/S0100-068320 10000400013 

Panggabean. M., Ginting. G. 2020. Program Sistem Pendukung Keputusan 
Pemilihan Seorang Advokat Terbaik Menerapkan Metode MOORA. J. Inf. 
Sist. Res. 1(2), pp. 81–86. 

Pardales, J.R.; Esquibel, C.B. 1996. Effect of drought during the establishment 
period on the root system development of cassava. Jpn. J. Crop Sci. 65, 
93–97. DOI:10.1626/JCS.65.93 

Pei, S., Dai, Y., Bai, Z., Li, Z., Zhang, F., Yin, F., Fan, J. 2024. Improved estimation 
of canopy water status in cotton using vegetation indices along with textural 
information from UAV-based multispectral images. Computers and 
Electronics in Agriculture. 224 109176. https://doi-
org.ezproxy.ugm.ac.id/10.1016/j.compag.2024.109176. 

Prasetyo, B.H. 2007. Perbedaan Sifat-Sifat Tanah Vertisol Dari Berbagai Bahan 
Induk. Jurnal Ilmu-Ilmu Pertanian Indonesia. Volume 9, No. 1, Halaman 20-
31. 

Pratama, I. G. M. Y., Karang, I. W. G. A., & Suteja, Y. 2019. Distribusi Spasial 
Kerapatan Mangrove Menggunakan Citra Sentinel-2A Di TAHURA Ngurah 
Rai Bali. Journal of Marine and Aquatic Sciences, 5(2), 192. 
https://doi.org/10.24843/jmas.20 19.v05.i02.p05 

Purwanto, A.D., Wikantika, K., Deliar, A.  & Darmawan, S.   2023.   Decision tree   
and   random   forest classification    algorithms    for mangrove    forest 
mappingin Sembilang National Park, Indonesia. Remote Sensing, 15-
16(1), 1-31.DOI: https://doi.org/10.3390/rs15010016. 

Putra E.T.S., Issukindarsyah, Taryono., Purwanto. B.H. 2015. Physiological 
responses of oil palm seedlings to the drought stress using boron and 
silicon applications. Journal of Agronomy. 14(2): 49-61. http://dx. doi. Org 
/10.3923/ja.2015.49.61. 

Putra, D. 2010. Pengolahan Citra Digital. Dalam D. Putra, Pengolahan Citra Digital 
(hal. 39-44). Yogyakarta: C.V Andi. 

Radiansyah, Sumantri. 2017. Aplikasi Pesawat Tanpa Awak (UAV)/Drone Untuk 
Pemantauan Satwa Liar. Tesis. Program Pascasarjana. Institut Pertanian 
Bogor. 

 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

https://doi.org/10
http://dx/


53 
 

Radocaj, D.; Siljeg, A.; Plascak, I.; Maric, I.; Jurisic, M. 2023. A Micro-Scale 
Approach for Cropland Suitability Assessment of Permanent Crops Using 
Machine Learning and a Low-Cost UAV. Agronomy. 13, 
362. https://doi.org/10.3390/agronomy13020362 

Rae, A.L., C.P.L. Grof, R.E. Casu, and G.D. Bonnett, 2005a. “Sucrose 
accumulation in the sugarcane stem: pathways and control points for 
transport and compartmentation”. Fields Corps Res. 92:159 –168. 
http://dx.doi.org/10.1016/j.fcr.2005.01.027 

Rajendra, K., Sharma S.C., Singh N.P. 2007. “Study of the optimum time of 
harvesting and dose of potash for maximum sugarcane yield by using 
response surface methodology”. Bhartiya Krishi Anusandhan Patrika, 
BVAAP, 15(2):172–175. 

Rejeb, A., Abdollahi, A., Rejeb, K., Treiblmaier, H., 2022. Drones in agriculture: a 
review and bibliometric analysis. Comput. Electron. Agric. 198, 107017. 
https://doi.org/ 10.1016/j.compag.2022.107017. 

Rhodes, R., N. Miles, and J.C. Hughes. 2018. Interactions between potassium, 
calcium and magnesium in sugarcane grown on two contrasting soils in 
South Africa. Fields Crops Research, 223, 1–11. https:// doi. Org / 10. 
1016/j.fcr.2018.01.001. 

Rhyma, P.P., Norizah, K., Hamdan, O., Faridah-Hanum, I., Zulfa, A.W. 2020. 
Integration of normalised different vegetation index and Soil-Adjusted 
Vegetation Index for mangrove vegetation delineation. Remote Sens. 
Appl.: Society and Environment 17, 100280. https://doi.org/10.1016/j. 
rsase.2019.100280. 

Rikardo, R.S., Ezra, dan Meriani, F. 2015. Respon pertumbuhan bibit bud chip tebu 
(Saccharum officinarum L.) terhadap dosis dan frekuensi pemberian pupuk 
N, P dan K pada wadah pembibitan yang berbeda. Jurnal Online Agro-
ekoteknologi. 3(3): 1089-1098. 

Ruwanpathirana, P.P., Sakai, K., Jayasinghe, G.Y., Nakandakari, T., Yuge, K., 
Wijekoon, W.M.C.J., Priyankara, A.C.P., Samaraweera, M.D.S. 
Madushanka, P.L.A. 2024. Evaluation of Sugarcane Crop Growth 
Monitoring Using Vegetation Indices Derived from RGB-Based UAV 
Images and Machine Learning Models. Agronomy, 14(9), 
2059; https://doi.org/10.3390/agronomy14092059 

Sagun, L., dan Guney, O. I. 2018. Application of multiple regression analysis to 
morphometric characters obtained from Serranus cabrilla (Linnaeus, 1758) 
by using stepwise multiple regression to design optimization of electric 
machine. IEEE Transactions on Magnetics, 43(4), 1906-1612. DOI: 
10.18805/ijar.v0iOF.9147 

Satelite Imaging Corporation. 2022. Satellite remote sensing system - specral 
resolution.https://www.satimagingcorp.com/services/resources/characteriz
ation-of-satellite-remote-sensing-systems/.(Diakses pada 25 Desember 
2024). 

Shabia, G.N.A. 2019. Kuasa korporasi besar: kasus gula nasional. Infobrief FIAN 

Indonesia, Jakarta. http: //fian-indonesia. org/ wpcontent/ uploads/ 2021/ 

04/ Infobrief (Diakses pada 28 Juli 2024). 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

https://doi.org/10
https://doi.org/10.3390/agronomy14092059


54 
 

Shah, I.H., Jinhui, W., Li, X., Hameed, M.K., Manzoor, M.A., Li, P., Zhang, Y., Niu, 
Q., Chang, L. 2024. Exploring the role of nitrogen and potassium in 
photosynthesis implications for sugar: Accumulation and translocation in 
horticultural crops. Scientia Horticulturae. 327.112832. https://doi. org/10. 
1016/j.scienta.2023.112832. 

Shendryk, Y., Sofonia, J., Garrad, R., Rist, Y., Skocaj, D., Thorburn, P. 2020. Fine-
scale prediction of biomass and leaf nitrogen content in sugarcane using 
UAV LiDAR and multispectral imaging. Int J Appl Earth Obs 
Geoinformation. 92, 102177. https://doi.org/10.1016/j.jag.2020.102177  

Shi, T., Liu, H., Chen, Y., Wang, J., Wu, G., 2016. Estimation of arsenic in 
agricultural soils using hyperspectral vegetation indices of rice. J. Hazard. 
Mater. 308, 243–252. https://doi.org/10.1016/j.jhazmat.2016.01.022 

Shukla, S.K., Yadav, R.L., Singh, P.N., Singh, I. 2009. Potassium nutrition for 
improving stubble bud sprouting, dry matter partitioning, nutrient uptake, 
and winter initiated sugarcane (Saccharum spp. hybrid complex) ratoon 
yield. Eur. J. Agron, 30, 27–33. DOI: 10.1016/j.eja.2008.06.005 

Silva, R.F., Severiano, E.C., Oliveira, G.C., Barbosa, S.M., Peixoto, D.S., 
Tassinari, D., Silva, B.M., Silva, S.H.G., Junior, M.S.D., Figueiredo, 
T.A.F.R. 2021. Changes in soil profile hydraulic properties and porosity as 
affected by deep tillage soil preparation and Brachiaria grass intercropping 
in a recent coffee plantation on a naturally dense Inceptisol. Soil & Tillage 
Research. 213. 105127. https://doi.org/10.1016/j.still.2021.105127 

Silva, R.R., M.C. Escarpinati, and A.R. Backes. 2021. Sugarcane crop line 
detection from UAV images using genetic algorithm and Radon transform. 
Signal, Image and Video Processing 15: 1723–1730. https://doi.org/ 
10.1007 /s11760-021-01908-3. 

Singh, P.; Singh, S.; Tiwari, A.K.; Pathak, S.K.; Singh, A.K.; Srivastava, S.; Mohan, 
N. 2019. Integration of sugarcane production technologies for enhanced 
cane and sugar productivity targeting to increase farmers’ income: 
Strategies and prospects. 3 Biotech. 9, 48. https://doi.org/10.1007/s13205 
019-1568-0 

Soltanikazemi, M., Minaei, S., Moghadam, H.S., Mahdavian, A. 2022. Field-scale 
estimation of sugarcane leaf nitrogen content using vegetation indices and 
spectral bands of Sentinel-2: Application of random forest and support 
vector regression. Computers and Electronics in Agriculture, 200, 107130. 
https://doi.org/10.1016/j.compag.2022.107130 

Southard, R.J., 2011, Vertisols, in Huang, P.M., Li, Y., and Sumner, M.E. eds., 
Handbook of soil sciences: properties and processes second edition, CRC 
Press, p. 33–83 to 33–97. 

Sufardi. 2020. Diagnosa hara. Modul kuliah. Program pascasarjana. Universitas 
Syiah Kuala, Banda Aceh. https: //www. researchgate. net/ publication/ 
341539878. (Diakses pada 28 Juli 2024). 

Sun, F. dan Lu, S. 2014. Biochars improve aggregate stability, water retension, 
sapce properties of clayey soil. J. Plant Nutr. Soil Sci. 177, 26-33. 

 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

https://doi/
https://www.researchgate.net/publication/341539878
https://www.researchgate.net/publication/341539878


55 
 

Suryani, I., Astuti, J., Muchlisah, N. 2022. Kajian Sifat Fisika Kimia Tanah Inceptisol 
di Berbagai Kelerengan dan Kedalaman Tanah pada Areal Pertanaman 
Kakao. Jurnal Galung Tropika, 11 (3). 275 – 282. DOI: 
https://doi.org/10.31850/jgt.v11i3.1014 

Sutarman dan Miftakhurrohmat, A. 2019. Kesuburan Tanah. UMSIDA PRESS.1-
116.  https://doi.org/10.21070/2019/978-602-5914-94-2 

Tejera, N.A.; Rodés, R.; Ortega, E.; Campos, R.; Lluch, C. 2007. Comparative 
analysis of physiological characteristics and yield components in 
sugarcane cultivars. Field Crops Res. 102, 64–72. 

Thilakarathna, M.S., Raizada, M.N., 2018. Challenges in using precision 
agriculture to optimize symbiotic nitrogen fixation in legumes: Progress, 
limitations, and future improvements needed in diagnostic testing. 
Agronomy 8 (5), http://dx.doi.org/10. 3390/agronomy8050078. 

Vasudeva, V., Nandy, S., Padalia, H., Srinet, R., Chauhan, P. 2021. Mapping 
spatial variability of foliar nitrogen and carbon in Indian tropical moist 
deciduous sal (Shorea robusta) forest using machine learning algorithms 
and Sentinel-2 data. Int. J. Rem. Sens. 42 (3), 1139–1159. 
https://doi.org/10.1080/ 01431161.2020.1823043. 

Veroustraete, F., 2015. The rise of the drones in agriculture. EC Agriculture 2, 325–
327. 

Vinayaka and Prasad, P.R.C. 2024. AI-enhanced remote sensing applications in 

Indian sugarcane research: A comprehensive review. Sugar Tech. 26 (3): 

609-628. https://doi.org/10.1007/s12355-024-01409-w 

Wang, F.M., Huang, J.F., Tang, Y.L., Wang, X.Z. 2007. New vegetation index and 
its application in estimating leaf area index of rice. Rice Science 14: 195-
203. DOI:10.1016/S1672-6308(07)60027-4 

Wang, J., S. Nayak, K. Koch and R. Ming. 2013. Carbon partitioning in sugarcane 
(Saccharum species). Plant Science, 201(4):1–6. 

Wang, L.-M., Zhao, L.-N., Shah, I.H., Ramirez, D.C., Boeglin, M., V´ery, A.-A., 
Sentenac, H., Zhang, Y.-D., 2022a. Na+ Sensitivity of the KAT2-like 
channel is a common feature of cucurbits and depends on the S5-P-S6 
segment. Plant Cell Physiol. 63, 279–289. 

Wang, M., Zheng, Q., Shen, Q., Guo, S. 2013. The critical role of potassiumin plant 
strees response. Inter. J. mOl. Sci. 14, 7370-7390. doi: 10. 3390 / 
ijms14047370. 

Wang, M.; Zheng, Q.; Shen, Q.; Guo, S. 2013. The critical role of potassium in 
plant stress response. Int. J. Mol. Sci. 14, 7370–7390. 
https://doi.org/10.3390/ijms14047370 

Waraich, E.A.; Ahmad, R.; Halim, A.; Aziz, T. 2012. Alleviation of temperature 
stress by nutrient management in crop plants: A review. J. Soil Sci. Plant 
Nutr. 12, 221–244. http://dx.doi.org/10.4067/S0718-95162012000200003  

 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



56 
 

Wasonga, D.O., Yaw, A., Kleemola, J., Alakukku, L., Mäkelä, P.S.A. 2021. Red-
Green-Blue and Multispectral Imaging as Potential Tools for Estimating 
Growth and Nutritional Performance of Cassava under Deficit Irrigation and 
Potassium Fertigation. Remote Sens. 13(4), 598. https://doi.org/ 
10.3390/rs13040598 . 

Wei, P., Ye, H., Qiao, S., Liu, R., Nie, C., Zhang, B., Song, L., & Huang, S. 2023. 
Early Crop Mapping Based on Sentinel-2 Time-Series Data and the 
Random Forest Algorithm. Remote Sensing, 15(3212), 1–18. 
https://doi.org/https://doi.org/10.3390/rs15133212 

Welbaum, G.E. and F.C. Meinzer. 1990. “Compartmentation of solutes and water 
in developing sugarcane stalk tissue”. Plant Physiology. 93:1147–1153. 

Woittiez, L.S., Turhina, S., Deccys, D., Slingerland, M., Noordwijk, M. V., Giller, 

K.E. 2018. Fertilizer Application Practices and Nutrient Deficiencies in 

Smallholder Oil Palm Plantations in Indonesia. Expl Agric. @cambridge 

University Press. (1-17). https://doi.org/10.1017/S0014479718000182 

Wu, C.D., Chen, Y.C., Pan, W.C., Zeng, Y.T., Chen, M.J., Guo, Y.L., & Lung, S. 

C.C. 2017. Land-use regression with long-term satellite-based greenness 

index and culture-specific sources to model PM2.5 spatial-temporal 

variability. Environmental Pollution, 224, 148-157. DOI: 10.1016/j.envpol. 

2017.01.074. 

Wu, W. The generalized difference vegetation index (GDVI) for dryland 
characterization. Remote Sens. 2014, 6, 1211–1233. https://doi.org/ 
10.3390/rs6021211 

Wu, Y., Li, B., Zhou, L., Liu, W., Liu, C., Prakash, S., Zhong, J. 2024. The formation 
mechanism of β-lactoglobulin self-assembled gel and its relationship with 
slow-release properties through stepwise regression models. Food 
Hydrocolloids, 154, 110074. https://doi.org/10.1016/j.foodhyd.2024. 
110074. 

Yang, S., Xiong, X., Arif, S., Gao, L., Zhao, L., Shah, I.H., Zhang, Y., 2020. A 
calmodulinlike CmCML13 from Cucumis melo improved transgenic 
Arabidopsis salt tolerance through reduced shoot’s Na+, and also improved 
drought resistance. Plant Physiol. Biochem. 155, 271–283. 

Yoo, C., Chang, K.H., Lee, M., Song, S., Na, W., Ma, J.H. 2024. Analysis of 
changes before and after forest fires with LAI, NDVI, and ET time series: 
focusing on major forest fires in Korea. Ecological Engineering. 107412.  
https://doi.org/10.1016/j.ecoleng.2024.107412 

Yunitasari, D., Dedi, B.H., Bambang, J. Rita, N. 2015. Menuju swasembada gula 

nasional: model kebijakan untuk meningkatkan produksi gula dan 

pendapatan petani tebu di jawa timur. Jurnal Ekonomi & Kebijakan Publik, 

6(1), 1-15. http://dx.doi.org/10.22212/jekp.v6i1.160 

Zainol, S., Zaffri, M., Zazmi, M., 2023. Factors affecting paddy farmers in using 

drones. J. Theor. Appl. Inf. Technol. 101, 3217–3227. 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

https://doi.org/10.1017/S0014479718000182
https://doi.org/10.1016/j.envpol.2017.01.074
https://doi.org/10.1016/j.envpol.2017.01.074
https://doi.org/10.1016/j.foodhyd.2024


57 
 

Zaitunah, A., Samsuri, Ahmad, A.G., Safitri, R.A. 2018. Normalized difference 

vegetation index (NDVI) analysis for land cover types using Landsat 8 oil 

in Besitang watershed Indonesia. IOP Conf. Series: Earth Environ. Sci., 

126(012112). doi: doi:10.1088/1755- 1315/126/1/012112. 

Zhang, A.Q., Sechenchogt., L.H. Wang, and Y.N. Wang. 2015. Effects of K stress 
on growth and P uptake of different genotypes maize. Hubei Agricultural 
Sciences. 54: 292-295. DOI: 10.4236/jss.2015.310019 

Zhang, D., Qi, H., Guo, X., Sun, H., Min, J., Li, S., Huo, L., Lv, L. 2025. Integration 
of UAV multispectral remote sensing and random forest for full-growth 
stage monitoring of wheat dynamics. Agriculture, 15(3), 353. 
https://doi.org/10.3390/agriculture15030353 

Zhang, H., Wang, L., Jin, X., Biam, L., Ge, Y. 2023. High-throughput phenotyping 
of plant leaf morphological, physiological, and biochemical traits on multiple 
scales using optical sensing. The Crop Journal.  (11)5, October 2023, 
Pages 1303-1318. https://doi.org/10.1016/j.cj.2023.04.014 

Zhang, S., Zamanian, K., Raza, S., Raheb, A., Feng, Y., Zhao, X.N., 2024a. A 
balance among irrigation and fertilization regimes to reduce greenhouse 
gases emissions from saline and alkaline soils. Land Degrad. Dev. 35 (1), 
168-182. 

Zhao, W.; Zhou, C.; Zhou, C.; Ma, H.; Wang, Z. 2022. Soil Salinity Inversion Model 
of Oasis in Arid Area Based on UAV Multispectral Remote 
Sensing. Remote Sens. 14, 1804. https://doi.org/10.3390/rs14081804 

Zhu, H., Liu, H., Xu, Y., Guijun, Y. 2018. UAV-based hyperspectral analysis and 
spectral indices constructing for quantitatively monitoring leaf nitrogen 
content of winter wheat. Appl. Opt. 57, 7722. DOI: 10.1364/AO.57.007722 

 

 

 

 

 

 

 

 

 

 

 

 

Pemodelan Decision Support System Pendugaan Status Kalium Tebu (Saccharum officinarum L.)
Bongkar
Ratoon Berbasis Unmanned Aerial Vehicle Multispektral
Azhari Muklis, Eka Tarwaca Susila Putra, S.P., M.P., Ph.D.; Nurâ€™Ainun Harlin Jennie Pulungan, S.Si., M.Sc., Ph.D.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

https://doi.org/10.4236/jss.2015.310019
https://www.sciencedirect.com/journal/the-crop-journal/vol/11/issue/5

