
45 

 

DAFTAR PUSTAKA 

Acosta, K., Sorrels, S., Chrisler, W., Huang, Q., Gilbert, S., Brinkman, T., Michael, T.P., 

Lebeis, S.L., and Lam, E. 2021. Return of the Lemnaceae: duckweed as a model plant 

system in the genomics and postgenomics era. The Plant Cell 33(10): 3207–3234. 

Acosta, K., Sorrels, S., Chrisler, W., Huang, W., Gilbert, S., Brinkman, T., Michael, T.P., 

Lebeis, S.L., and Lam, E. 2023. Optimization of molecular methods for detecting 

duckweed-associated bacteria. Plants 12(4): 872. 

Afzal, I., Shinwari, Z.K., Sikandar, S., and Shahzad, S. 2019. Plant beneficial endophytic 

bacteria: Mechanisms, diversity, host range and genetic determinants. 

Microbiological Research 221: 36–49. 

Ali, Z., Waheed, H., Kazi, A.G., Hayat, A., and Ahmad, M. 2016. Duckweed: An efficient 

hyperaccumulator of heavy metals in water bodies. Plant Metal Interaction 16: 411–

429. 

Alishahi, F., Alikhani, H.A., K-Sima, N.A., and Etesami, H. 2020. Mining the roots of 

various species of the halophyte Suaeda for halotolerant nitrogen-fixing endophytic 

bacteria with the potential for promoting plant growth. International Microbiology 

23: 415–427. 

Bellini, C., Pacurar, D.I., and Perrone, I. 2014. Adventitious roots and lateral roots: 

similarities and differences. Annual Review of Plant Biology 65: 639–666. 

Boonmak, C., Kettongruang, S., Buranathong, B., Morikawa, M., dan Duangmal, K. 

2023. Duckweed-associated bacteria as plant growth-promotor to enhance growth of 

Spirodela polyrhiza in wastewater effluent from a poultry farm. Archives of 

Microbiology 206: 43. 

Brenner, D.J., Krieg, N.R., Staley, J.T. and Garrity, G.M. 2005. Bergey's Manual of 

Systematic Bacteriology. 2nd ed. Volume 2: The Proteobacteria, Part B: The 

Gammaproteobacteria. Springer, USA. 

Cabral, G.S., de Sousa, R.L.M., Costa, A.A.S., L-Franco, N., Fares, A.L.B., do Carmo, 

R.S., de Jesus, A.M., Pott V.J., and Michelan, T.S. 2024. First record of Landoltia 

punctata (Araceae, Lemnoideae) in Amazonia. Acta Amazonica 54: 2. 

da Silva, J.C., Santos, L.D.S., Faria, P.S.A., Silva, F.G., Neto, A.R., Martins, P.F., and 

Selari, P.J.R.G. 2021. Multifunctional characteristics of Acinetobacter lwoffii 

Bac109 for growth promotion and colonization in micropropagated sugarcane. Pesq. 

Agropec. Trop. 51: 69373. 

Diwan, J.R., Mahadevaswamy, Patil, S., Bhanu, D., Devi, K.L., Hegde, S.N., Krishnaraj, 

P.U., Namitha, R., Pradhan, B.B., and Vashisht, D. 2025. Genome characterization 

of Acinetobacter species from the rice rhizosphere: A potential plant growth 

promoting rhizobacteria (PGPR). Current Genetics 71: 27. 

Kemampuan Acinetobacter soli, Acinetobacter lwoffii, dan Simplicispira  metamorpha Sebagai
Bakteri
Endofit dalam Meningkatkan Pertumbuhan dan Biomassa Lemna aequinoctialis dan Landoltia 
punctata
Salma Nuha Zahirah, Prof. Ir. Donny Widianto, Ph.D.; Prof. Ir. Irfan Dwidya Prijambada, M.Eng., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



46 

 

Ehmann, A. 1977. The van urk-salkowski reagent-a sensitive and specific chromogenic 

reagent for silica gel thin layer chromatographic detection and identification of indole 

derivatives. Journal of Chromatography 132: 267–276. 

Fedoniuk, T., Bog, M., Orlov, O., and Appenroth, K.J. 2022. Lemna aequinoctialis 

migrates further into temperate continental Europe—A new alien aquatic plant for 

Ukraine. Feddes Repertorium 133: 305–312. 

Gilbert, S., Xu, J., Acosta, K., Poulev, A., Lebeis, S., and Eric, L. 2018. Bacterial 

production of indole related compounds reveals their role in association between 

duckweeds and endophytes. Frontiers in Chemistry 6: 265. 

Glick, B.R. 2012. Plant growth-promoting bacteria: mechanisms and applications. 

Scientifica 2012(1): 963401. 

Glickmann, E., dan Dessaux, Y. 1995. A critical examination of the specificity of the 

salkowski reagent for indolic compounds produced by phytopathogenic bacteria. 

Applied and Environmental Microbiology. 61(2): 793–796. 

Golzarian, M.R., R.A. Frick, K. Rajendran, B. Berger, S. Roy, M. Tester, dan D.S. Lun. 

2011. Accurate inference of shoot biomass from high-throughput images of cereal 

plants. Plant Methods 7(1): 1–11. 

Grabovich, M., Gavrish, E., Kuever, J., Lysenko, A.M., Podkopaeva, D., and Dubinina, 

G. 2006. Proposal of Giesbergeria voronezhensis gen. nov., sp. nov. and G. 

kuznetsovii sp. nov. and reclassification of [Aquaspirillum] anulus, [A.] sinuosum and 

[A.] giesbergeri as Giesbergeria anulus comb. nov., G. sinuosa comb. nov. and G. 

giesbergeri comb. nov., and [Aquaspirillum] metamorphum and [A.] psychrophilum 

as Simplicispira metamorpha gen. nov., comb. nov. and S. psychrophila comb. nov. 

International Journal of Systematic and Evolutionary Microbiology 56: 569–576. 

Herdiyantoro, D., Setiawati, M. R., Simarmata, T. 2022. Reaksi hipersensitif daun 

tembakau oleh isolat bakteri pelarut kalium pada pra formulasi pupuk hayati. Soilrens 

20(2): 72–77. 

Hoang, D.M., Ngo, D.T., Huynh, O.N., Nguyen, T.K.M., Pham, T.T., and Le T.T.T. 2024. 

Impact of Acinetobacter soli on tomato plants. Chemical Engineering Transactions 

113: 73–78. 

Hossain, M.M., Masud, M.M., Hossain, M.I., Haque, M.M., Uddin, M.S., Alam, M.Z., 

and Islam, M.R. 2022. Rep-PCR analyses reveal genetic variation of Ralstonia 

solanacearum causing wilt of Solanaceaous vegetables in Bangladesh. Current 

Microbiology 79: 234. 

Ishizawa, H., Kuroda, M., Inoue, D., and Ike, M. 2020. Community dynamics of 

duckweed-associated bacteria upon inoculation of plant growth-promoting bacteria. 

FEMS Microbiology Ecology 96(7): 1–10. 

Ishizawa, H., M. Kuroda, K. Inoue, D. Inoue, M. Morikawa, and M. Ike. 2019. 

Colonization and competition dynamics of plant growth-promoting/inhibiting 

Kemampuan Acinetobacter soli, Acinetobacter lwoffii, dan Simplicispira  metamorpha Sebagai
Bakteri
Endofit dalam Meningkatkan Pertumbuhan dan Biomassa Lemna aequinoctialis dan Landoltia 
punctata
Salma Nuha Zahirah, Prof. Ir. Donny Widianto, Ph.D.; Prof. Ir. Irfan Dwidya Prijambada, M.Eng., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



47 

 

bacteria in the phytosphere of the duckweed Lemna minor. Microbial Ecology 77: 

440–450. 

Ishizawa, H., M. Kuroda, M. Morikawa, and M. Ike. 2017. Evaluation of environmental 

bacterial communities as a factor affecting the growth of duckweed Lemna minor. 

Biotechnology for Biofuels 10: 62. 

Jena, R., Choudhury, P.K., Puniya, A.K., and Tomar, S.K. 2021. Efficacy of BOX-PCR 

fingerprinting for taxonomic discrimination of bifidobacterial species isolated 

from diverse sources. 3 Biotech 11: 270. 

Kang, J., Kim, K., Do, T.H.T., Han, M., and Lee, Y. 2025. Duckweeds for plant molecular 

farming: Advances, challenges, and future directions. Journal of Plant Biology 68: 

77–91. 

Kim, D., Baik, K.S., Kim, M.S., Park, S.C., Kim, S.S., Rhee, Kwak, Y.S., and Seong, 

C.N. 2008. Acinetobacter soli sp. nov., isolated from forest soil. The Journal of 

Microbiology 46(4): 396–401. 

Kittiwongwattana, C and Vuttipongchaikij, S. 2015. Biodiversity of endophytic bacteria 

isolated from duckweed (Landoltia punctata) and their IAA production. Thammasat 

International Journal of Science and Technology 20(1): 1–11. 

Klement, Z. 1963. Rapid detection of the pathogenicity of phytopathogenic 

Pseudomonas. Nature 199(4890): 299–300. 

Krzywonos, M., Romanowska-Duda, Z., Seruga, P., Messyasz B., and Mec, S. 2023. The 

use of plants from the Lemnaceae family for biofuel production—A bibliometric and 

in-depth content analysis. Energies 16(2058): 1–24. 

Ma, Y.B., Zhu, M., Yu, C.J., Wang, Y., Liu, Y., Li, M.L., Sun, Y.D., Zhao, J. S., and 

Zhou, G.K. 2018. Large-scale screening and characterisation of Lemna 

aequinoctialis and Spirodela polyrhiza strains for starch production. Plant Biology 

20: 357–364. 

Makino, A., Nakai, R., Yoneda, Y., Toyama, T., Tanaka, Y., Meng, X-Y., Mori, K., Ike, 

M., Morikawa, M., Kamagata, Y., and Hideyuki, T. 2022. Isolation of aquatic plant 

growth-promoting bacteria for the floating plant duckweed (Lemna minor). 

Microorganisms 10: 1564. 

Moyes, R.B., Reynolds, J., and Breakwell, D.P. 2009. Differential staining of bacteria: 

Gram stain. Current Protocols in Microbiology 15(1): 1–8. 

Mustika, J. 2024. Kemampuan Acinetobacter baumannii, Rhizobium straminoryzae, dan 

Peribacillus simplex dalam Mendukung Pertumbuhan Tanaman Spirodela polyrhiza 

Sebagai Agen Fitoremediasi Limbah Asetonitril. Fakultas Pertanian, Universitas 

Gadjah Mada. Skripsi. 

Kemampuan Acinetobacter soli, Acinetobacter lwoffii, dan Simplicispira  metamorpha Sebagai
Bakteri
Endofit dalam Meningkatkan Pertumbuhan dan Biomassa Lemna aequinoctialis dan Landoltia 
punctata
Salma Nuha Zahirah, Prof. Ir. Donny Widianto, Ph.D.; Prof. Ir. Irfan Dwidya Prijambada, M.Eng., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



48 

 

Perez, P.S. 2020. Bacterial gene diversity related to tryptophan metabolism and indole-3-

acetic acid (IAA) production in the rhizosphere. Master of Bioinformatics and 

Biostatistics. Thesis. 

Rahayu, T., Purwestri, Y.A, Subandiyah, S., Sidiq, Y., and Widianto, D. 2024. Diversity 

of endophytic bacteria in two banana cultivars and their potential for plant growth 

promoter. Biodiversitas 25(7): 2828–2838. 

Rahayu, T., Purwestri, Y.A., Subandiyah, S., Suparmin, A., and Widianto, D. 2021. 

Exploration of core endophytic bacteria from different organs of diploid Musa 

balbisiana and triploid Musa acuminata. Agriculture and Natural Resources 55: 787–

794. 

Rahayu, T., Suparti, S., Widyayanti, S., Kristamtini, K., and  Sidiq, Y. 2023. Endophytic 

bacteria from banana plant improves the growth and yield of black rice plant. 

SABRAO Journal of Breeding and Genetics 55(3): 951–964. 

Rineksane, I.A., Astuti, A., Shofiyani, A., Kemat, N., Sumarsih, Sari, S.K., and Azizah 

R.N. 2025. Isolation and characterization of potential bacteria for disease resistance 

in banana seedlings (Musa acuminata x Musa balbisiana (ABB)) cv. Kepok in vitro. 

IOP Conf. Series: Earth and Environmental Science 1572: 012055. 

Roy, S., Sultana, M.T., Rahman, A., Hossain, M.S., Binduraz, B., Hanna, T., Abir, 

M.A.I., Rahman, M., Abdullah-Al-Mamun, M., Roy, M.K., Cho, K.M., and Haque, 

M.A. 2026. Genomic and in silico characterization of Acinetobacter sp. strain HSTU-

Asm16 with plant growth promoting traits and diazinon biodegradation potential. 

Journal of Bioscience and Public Health 2(1): 68–95. 

Santoyo, G., Moreno-Hagelsieb, G., Orozco-Mosqueda, M.C., and Glick, B.R. 2016. 

Plant growth-promoting bacterial endophytes. Microbiological Research 183: 92–99. 

Sembiring, M. and Sabrina, T. 2021. Diversity of non-symbiotic nitrogen-fixing bacteria 

and their potential in andisols affected by the eruption of Mount Sinabung, North 

Sumatra, Indonesia. Biodiversitas 22(8): 3539–3544. 

Sidiq, Y., Silviani, D.A., Rahayu, T., Saputra, A., Wahibah, N.N., and Widianto, D. 2025. 

Endophytic bacteria from banana plants improves the growth of rice (Oryza sativa) 

and maize plants (Zea mays). AL-KAUNIYAH: Jurnal Biologi 18(1): 153–167. 

Spaepen, S. and Vanderleyden, J. 2011. Auxin and plant-microbe interactions. Cold 

Spring Harbor Perspectives in Biology 3(4): 001438. 

Su, H.F., Jiang, J., Lu, Q.L., Zhao, Z., Xie, T., Zhao, H., and Wang, M.L. 2015. 

Engineering Corynebacterium Crenatum to produce higher alcohols for biofuel using 

hydrolysates of duckweed (Landoltia punctata) as feedstock. Microbial Cell 

Factories 14: 16. 

Tang, A., Haruna, A.O., Ab. Majid, N.M., and Jalloh, M.B. 2020. Potential PGPR 

properties of cellulolytic, nitrogen-fixing, phosphate-solubilizing bacteria in 

rehabilitated tropical forest soil. Microorganisms 8: 442. 

Kemampuan Acinetobacter soli, Acinetobacter lwoffii, dan Simplicispira  metamorpha Sebagai
Bakteri
Endofit dalam Meningkatkan Pertumbuhan dan Biomassa Lemna aequinoctialis dan Landoltia 
punctata
Salma Nuha Zahirah, Prof. Ir. Donny Widianto, Ph.D.; Prof. Ir. Irfan Dwidya Prijambada, M.Eng., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



49 

 

Tang, J., Chen, C., Chen, L., Daroch, M., and Cui, Y. 2017. Effects of pH, initial Pb2+ 

concentration, and polyculture on lead remediation by three duckweed species. 

Environmental Science and Pollution Research 24: 23864–23871. 

Tarigan, A.C. 2021. Pengaruh Inokulasi Bacillus sp., Pseudomonas sp., dan Rhizobium 

sp. Pada Pertumbuhan Tanaman Wolffia globosa dan Lemna perpusilla. Fakultas 

Pertanian, Universitas Gadjah Mada. Skripsi. 

Timofeeva, A.M., Galyamova, M.R., and Sedykh, S.E. 2023. Plant growth-promoting 

soil bacteria: Nitrogen fixation, phosphate solubilization, siderophore production, 

and other biological activities. Plants 12: 4074. 

Toyama, T., Kuroda, M., Ogata, Y., Hachiya, Y., Quach, A., Tokura, K., Tanaka, Y., 

Mori, K., Morikawa, M., and Ike, M. 2017. Enhanced biomass production of 

duckweeds by inoculating a plant growth-promoting bacterium, Acinetobacter 

calcoaceticus P23, in sterile medium and non-sterile environmental waters. Water 

Science Technology 76: 1418–1428. 

Toyama, T., Mori, K., Tanaka, Y., Ike, M., and Morikawa, M. 2022. Growth promotion 

of giant duckweed Spirodela polyrhiza (Lemnaceae) by Ensifer sp. SP4 through 

enhancement of nitrogen metabolism and photosynthesis. MPMI 35(1): 28–38. 

Utami, D., A. Kawahata, M. Sugawara, R.N. Jog, K. Miwa, dan M. Morikawa. 2018. 

Effect of exogenous general plant growth regulators on the growth of the duckweed 

Lemna minor. Frontiers in Chemistry 6: 251. 

Utami, D., Aghnia, D.A., Tarigan, A.C., Ngadiman, Margino, S., dan Widianto, D. 2025. 

Enhanced biomass production of various aquatic duckweed species through the 

inoculation of plant growth-promoting bacteria. Egyptian Journal of Aquatic Biology 

& Fisheries 29(3): 3291–3307. 

Versalovic, J., Bruijn, F.J., and Lupski, J.R. 1998. Repetitive sequence-based PCR (rep-

PCR) DNA fingerprinting of bacterial genomes. F. J. de Bruijn et al. (eds.), Bacterial 

Genomes 437–454. 

Vissenberg, K., Claeijs, N., Balcerowicz, D., and Schoenaers, S. 2020. Hormonal 

regulation of root hair growth and responses to the environment in Arabidopsis. 

Journal of Experimental Botany 71: 2412–2427. 

Wang, B., Chu J., Yu, T., Xu, Q., Sun, X., Yuan, J., Xiong, G., Wang, G., Wang, Y., and 

Li, J. 2015. Tryptophan-independent auxin biosynthesis contributes to early 

embryogenesis in Arabidopsis. PNAS 112(15): 4821–4826. 

Yamaga, F., Washio, K., and Morikawa, M. 2010. Sustainable biodegradation of phenol 

by Acinetobacter calcoaceticus P23 isolated from the rhizosphere of duckweed 

Lemna aoukikusa. Environmental Science and Technology 44: 6470–6476. 

Yamakawa, Y., R. Jog, and M. Morikawa. 2018. Effects of co-inoculation of two 

different plant growth-promoting bacteria on duckweed. Plant Growth Regulation 

86: 287–296. 

Kemampuan Acinetobacter soli, Acinetobacter lwoffii, dan Simplicispira  metamorpha Sebagai
Bakteri
Endofit dalam Meningkatkan Pertumbuhan dan Biomassa Lemna aequinoctialis dan Landoltia 
punctata
Salma Nuha Zahirah, Prof. Ir. Donny Widianto, Ph.D.; Prof. Ir. Irfan Dwidya Prijambada, M.Eng., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



50 

 

Yang, G-L. 2022. Duckweed is a promising feedstock of biofuels: Advantages and 

approaches. International Journal of Molecular Science 23(23): 15231. 

Yang, J-X., Wang, L., Qin, T-H., Duan, Y-Z., Wei, J., Li, J-H., Zhu, Y-Z., and Li, Z-B. 

2025. Isolation and identification of an endophytic Acinetobacter soli JKDY-3 from 

rice and its plant growth-promoting effects. Journal of Southern Agriculture 56(5): 

1486–1497. 

Zhao, G., Zhu, X., Zheng, G., Meng, G., Dong, Z., Baek, J.H., Jeon, C.O., Yao, Y., Xuan, 

Y.H., Zhang, J., and Jia, B. 2024. Development of biofertilizers for sustainable 

agriculture over four decades (1980–2022). Geography and Sustainability 5: 19–28. 

Zhao, Y. 2012. Auxin biosynthesis: A simple two-step pathway converts tryptophan to 

indole-3-acetic acid in plants. Molecular Plant 5(2): 334–338. 

Ziegler, P. 2024. The developmental cycle of Spirodela polyrhiza turions: A model for 

turion-based duckweed overwintering?. Plants 13: 2993. 

Ziegler, P., Appenroth, K.J., and Sree, K.S. 2023. Survival strategies of duckweeds, the 

world’s smallest angiosperms. Plants 12: 2215. 

 

  

Kemampuan Acinetobacter soli, Acinetobacter lwoffii, dan Simplicispira  metamorpha Sebagai
Bakteri
Endofit dalam Meningkatkan Pertumbuhan dan Biomassa Lemna aequinoctialis dan Landoltia 
punctata
Salma Nuha Zahirah, Prof. Ir. Donny Widianto, Ph.D.; Prof. Ir. Irfan Dwidya Prijambada, M.Eng., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/


	HALAMAN JUDUL
	HALAMAN PENGESAHAN
	PERNYATAAN BEBAS PLAGIASI
	KATA PENGANTAR
	DAFTAR ISI
	DAFTAR TABEL
	DAFTAR GAMBAR
	DAFTAR LAMPIRAN
	INTISARI
	ABSTRACT
	BAB I PENDAHULUAN
	1.1 Latar Belakang
	1.2 Rumusan Masalah
	1.3 Tujuan
	1.4 Manfaat

	BAB II TINJAUAN PUSTAKA
	2.1 Duckweed
	2.2 Lemna aequinoctialis
	2.3 Landoltia punctata
	2.4 Bakteri Pemacu Pertumbuhan Duckweed
	2.5 Hipotesis

	BAB III METODOLOGI
	3.1 Tempat Penelitian
	3.2 Alat Penelitian
	3.3 Bahan Penelitian
	3.4 Penatalaksanaan Penelitian
	3.4.1 Pemurnian Kultur Bakteri
	3.4.2 Karakterisasi Morfologi Koloni dan Sel Bakteri, Kemampuan Fiksasi Nitrogen, dan Produksi Indole Acetic Acid
	3.4.3 Kemampuan Infeksi Daun Tembakau
	3.4.4 Budidaya Duckweed
	3.4.5 Kemampuan Bakteri dalam Mendukung Pertumbuhan dan Biomassa Duckweed
	3.4.6 Deteksi Sel Bakteri dalam Jaringan Duckweed
	3.4.7 Metode Analisis


	BAB IV HASIL DAN PEMBAHASAN
	4.1 Konfirmasi Karakteristik Morfologi Koloni dan Sel Bakteri, Kemampuan Fiksasi Nitrogen, dan Produksi Indole Acetic Acid
	4.2 Kemampuan Bakteri dalam Menginfeksi Tanaman Tembakau
	4.3 Kemampuan Bakteri dalam Mendukung Pertumbuhan dan Biomassa Duckweed
	4.4 Deteksi Sel Bakteri dalam Jaringan Duckweed

	BAB V PENUTUP
	5.1 Kesimpulan
	5.2 Saran

	DAFTAR PUSTAKA
	LAMPIRAN

