Kalzakterisasi Respons Delapan Genotipe Bunga Matahari (Helianthus annuus L.) terhadap Jamur
Mikoriza

Arbuskula sebagai Dasar Seleksi Sumber Bioherbisida

UNIVERSITAS Mustaqim, Prof. Dr. Ir. Aziz Purwantoro, M.Sc. ; Dr. Dyah Weny Respatie, S.P., M.Si.

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR PUSTAKA

Akiyama, K., & Hayashi, H. 2006. Strigolactones: chemical signals for fungal symbionts
and parasitic weeds in plant roots. Annals of Botany. 97(6): 925-931.
https://doi.org/10.1093/aob/mcl063

Alayafi, A. A. M., Alharbi, B. M., Abdulmajeed, A. M., Alnusaire, T. S., ALrashidi, A. A.,
AL-Balawi, S. M., Khalaf Anazi, H., Alghanem, S. M. S., Al zoubi, O. M., &
Soliman, M. H. 2025. Arbuscular mycorrhizal fungi symbiosis enhances growth,
nutrient uptake, and oil quality in sunflower—pumpkin under intercropping
systems. Frontiers in Plant Science. 16. https://doi.org/10.3389/fpls.2025.15982
72

Alsaadawi, I. S., Sarbout, A. K., & Al-Shamma, L. M. 2012. Differential allelopathic
potential of sunflower (Helianthus annuus L.) genotypes on weeds and wheat
(Triticum aestivum L.) crop. Archives of Agronomy and Soil Science. 58(10):
1139-1148. https://doi.org/10.1080/03650340.2011.570335

Anjum, T., & Bajwa, R. 2007. Field appraisal of herbicide potential of sunflower leaf
extract against Rumex dentatus. Field Crops Research. 100(2-3): 139-142.
https://doi.org/10.1016/j.fcr.2006.06.001

Avio, L., Sbrana, C., Giovannetti, M., & Frassinetti, S. 2017. Arbuscular mycorrhizal fungi
affect total phenolics content and antioxidant activity in leaves of oak leaf lettuce
varieties. Scientia Horticulturae. 224: 265-271.
https://doi.org/10.1016/j.scienta.201706.022

Bapaume, L., & Reinhardt, D. 2012. How membranes shape plant symbioses: signaling
and transport in nodulation and arbuscular mycorrhiza. Frontiers in Plant
Science. 3. https://doi.org/10.3389/fpls.2012.00223

Baslam, M., & Goicoechea, N. 2012. Water deficit improved the capacity of arbuscular
mycorrhizal fungi (AMF) for inducing the accumulation of antioxidant compounds
in lettuce leaves. Mycorrhiza. 22(5): 347-359. https://doi.org/10.1007/s00572-
011-0408-9

Bennett, A. E., & Groten, K. 2022. The costs and benefits of plant—arbuscular
mycorrhizal fungal interactions. Annual Review of Plant Biology. 73(1): 649-672.
https://doi.org/10.1146/annurev-arplant-102820-124504

Besserer, A., Puech-Pages, V., Kiefer, P., Gomez-Roldan, V., Jauneau, A., Roy, S.,
Portais, J.-C., Roux, C., Bécard, G., & Séjalon-Delmas, N. 2006. Strigolactones
stimulate arbuscular mycorrhizal fungi by activating mitochondria. PLoS Biology.
4(7): e226. https://doi.org/10.1371/journal.pbio.0040226

Bihmidine, S., Hunter, C. T., Johns, C. E., Koch, K. E., & Braun, D. M. 2013. Regulation
of assimilate import into sink organs: update on molecular drivers of sink
strength. Frontiers in Plant Science. 4. https://doi.org/10.3389/fpls.2013.00177

Bin Saif, H. 2016. Allelopathic potential of sunflower extract on weed control and wheat

yield under subtropical conditions. International Journal of Applied Agricultural
Sciences. 2(4): 44. https://doi.org/10.11648/].ijaas.20160204.11

125


https://doi.org/10.3389/fpls.2025

Kalzakterisasi Respons Delapan Genotipe Bunga Matahari (Helianthus annuus L.) terhadap Jamur
Mikoriza

Arbuskula sebagai Dasar Seleksi Sumber Bioherbisida

Mustaqim, Prof. Dr. Ir. Aziz Purwantoro, M.Sc. ; Dr. Dyah Weny Respatie, S.P., M.Si.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Bravo, A., Brands, M., Wewer, V., Dormann, P., & Harrison, M. J. 2017. Arbuscular
mycorrhiza-specific enzymes FatM and RAM 2 fine-tune lipid biosynthesis to
promote development of arbuscular mycorrhiza. New Phytologist. 214(4): 1631—
1645. https://doi.org/10.1111/nph.14533

Budi Ariyani, S., Rusdi Hidayat, M., Ratihwulan, H., & Sri Mulyono. 2020. Optimasi
proses ekstraksi asam ferulat secara alkali dari serat mesokarp sawit
menggunakan metode permukaan respon. Indonesian Journal of Industrial
Research. 15(2): 1-11. doi:10.33104/jihp.v15i2.6134

Burkle, L. A., & Zabinski, C. A. 2023. Mycorrhizae influence plant vegetative and floral
traits and intraspecific trait variation. American Journal of Botany. 110(1):
€16099. https://doi.org/https://doi.org/10.1002/ajb2.16099

Carvalho, L. M. de, Carvalho, H. W. L. de, & Carvalho, C. G. P. de. 2020. Yield and
photosynthetic attributes of sunflower cultivars grown under supplemental
irrigation in the semiarid region of the Brazilian Northeast. Pesquisa
Agropecuaria Brasileira. 55. https://doi.org/10.1590/s1678-3921.
pab2020.v55.01715

Cheng, F., & Cheng, Z. 2015. Research progress on the use of plant allelopathy in
agriculture and the physiological and ecological mechanisms of allelopathy.
Frontiers in Plant Science. 6. https://doi.org/10.3389/fpls.2015.01020

Ciarka, D., Stankiewicz-Kosyl, M., Sztyber, M., Gawronska, H & Gawronski, S. 2014.
Response of 33 weed species germination to allelocompounds contained in
sunflower (Helianthus annuus L.). Annals of Warsaw University of Life Sciences-
SGGW Horticulture and Landscape Architecture. 35: 15-23.

Dave, S., Das, J., & C Tarafdar, J. 2011. Effect of vesicular arbuscular mycorrhizae on
growth and saponin accumulation in Chlorophytum borivilianum. ScienceAsia.
37(2): 165. https://doi.org/10.2306/scienceasia1513-1874.2011.37.165

El-Rokiek, K., EI-Din, S., & Sharara, F. 2010. Allelopathic behaviour of Cyperus rotundus
L. on both Chorchorus olitorius (broad leaved weed) and Echinochloa crusgalli
(grassy weed) associated with soybean. Journal of Plant Protection Research.
50(3): 274-279. https://doi.org/10.2478/v10045-010-0048-7

Fadiji, A. E., Adeniji, A., Lanrewaju, A. A., & Babalola, O. O. 2025. Dynamics of soil
microbiome and allelochemical interactions: an overview of current knowledge
and prospects. Annals of Microbiology. 75(1): 21. https://doi.org/10.1186/s13213-
025-01812-y

Felfoldi, Z., Vidican, R., Stoian, V., Roman, I. A., Sestras, A. F., Rusu, T., & Sestras, R.
E. 2022. Arbuscular mycorrhizal fungi and fertilization influence yield, growth and
root colonization of different tomato genotype. Plants. 11(13).
https://doi.org/10.3390/plants11131743

Galvan, G. A., Kuyper, T. W., Burger, K., Keizer, L. C. P., Hoekstra, R. F., Kik, C., &
Scholten, O. E. 2011. Genetic analysis of the interaction between allium species
and arbuscular mycorrhizal fungi. Theoretical and Applied Genetics. 122(5):
947-960. https://doi.org/10.1007/s00122-010-1501-8

126


https://doi.org/10.33104/jihp.v15i2.6134

Kalzakterisasi Respons Delapan Genotipe Bunga Matahari (Helianthus annuus L.) terhadap Jamur
Mikoriza

Arbuskula sebagai Dasar Seleksi Sumber Bioherbisida

UNIVERSITAS Mustaqim, Prof. Dr. Ir. Aziz Purwantoro, M.Sc. ; Dr. Dyah Weny Respatie, S.P., M.Si.

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Garg, N., Singh, S., & Kashyap, L. 2017. Arbuscular mycorrhizal fungi and heavy metal
tolerance in plants: an insight into physiological and molecular mechanisms. in
mycorrhiza - nutrient uptake, biocontrol, ecorestoration. Springer International
Publishing. 75-97 p. https://doi.org/10.1007/978-3-319-68867-1_4

Ghasemi, M., Zahedi, M., Gheysari, M., & Sabzalian, M. R. 2023. Effects of inoculation
with four mycorrhizal species on seed phenolic and fatty acids of sesame plants
grown under different irrigation regimes. Scientific Reports. 13(1): 16482.
https://doi.org/10.1038/s41598-023-42375-9

Gniazdowska, A., & Bogatek, R. 2005. Allelopathic interactions between plants. Multi
site action of allelochemicals. Acta Physiologiae Plantarum. 27(3): 395-407.
https://doi.org/10.1007/s11738-005-0017-3

Gough, C., & Cullimore, J. 2011. Lipo-chitooligosaccharide signaling in endosymbiotic
plant-microbe interactions. Molecular Plant-Microbe Interactions. 24(8): 867—
878. https://doi.org/10.1094/MPMI-01-11-0019

Handayati, W., & Sihombing, D. 2019. Study of NPK fertilizer effect on sunflower growth
and yield. International Conference On Biology And Applied Science (ICOBAS).
https://doi.org/10.1063/1.5115635

Harrison, M. J. 1993. Isoflavonoid accumulation and expression of defense gene
transcripts during the establishment of vesicular-arbuscular mycorrhizal
associations in roots of Medicago ftruncatula. Molecular Plant-Microbe
Interactions. 6(5): 643. https://doi.org/10.1094/MPMI-6-643

Harrison, M. J., Dewbre, G. R., & Liu, J. 2002. A phosphate transporter from Medicago
truncatula involved in the acquisition of phosphate released by arbuscular
mycorrhizal fungi. The Plant Cell. 14(10): 2413-2429. https://doi.org/10.1105
/tpc.004861

Hasan, M., Ahmad-Hamdani, M. S., Rosli, A. M., & Hamdan, H. 2021. Bioherbicides: an
eco-friendly tool for sustainable weed management. Plants. 10(6): 1212.
https://doi.org/10.3390/plants10061212

Hedges, L. V, Gurevitch, J., & Curtis, P. S. 1999. The meta-analysis of response ratios
in experimental ecology. Ecology. 80(4): 1150-1156. https://doi.org/10.1890/00
12-96581999080[1150:tmaorr]2.0.co;2

Herms, D. A., & Mattson, W. J. 1992. The dilemma of plants: to grow or defend. The
Quarterly Review of Biology. 67(3): 283-335. https://doi.org/10.1086/417659

Hoeksema, J. D., Chaudhary, V. B., Gehring, C. A., Johnson, N. C., Karst, J., Koide, R.
T., Pringle, A., Zabinski, C., Bever, J. D., Moore, J. C., Wilson, G. W. T,
Klironomos, J. N., & Umbanhowar, J. 2010. A meta-analysis of context-
dependency in plant response to inoculation with mycorrhizal fungi. Ecology
Letters. 13(3): 394—407. https://doi.org/10.1111/j.1461-0248.2009.01430.x

Hossen, K., Asato, Y., Teruya, T., & Kato-Noguchi, H. 2023. Identification of four
allelopathic compounds including a novel compound from Elaeocarpus
floribundus Blume and determination of their allelopathic activity. Journal of
Environmental Management. 326: 116728. https://doi.org/10.1016/j.jenvman.

127


https://doi.org/10.1105

Kalzakterisasi Respons Delapan Genotipe Bunga Matahari (Helianthus annuus L.) terhadap Jamur
Mikoriza

Arbuskula sebagai Dasar Seleksi Sumber Bioherbisida

Mustaqim, Prof. Dr. Ir. Aziz Purwantoro, M.Sc. ; Dr. Dyah Weny Respatie, S.P., M.Si.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

2022.116728

Huot, B., Yao, J., Montgomery, B. L., & He, S. Y. 2014. Growth—defense tradeoffs in
plants: a balancing act to optimize fithess. Molecular Plant. 7(8): 1267-1287.
https://doi.org/10.1093/mp/ssu049

Hussain, I., Singh, N. B., Singh, A., & Singh, H. 2017. Allelopathic potential of sesame
plant leachate against Cyperus rotundus L. Annals of Agrarian Science. 15(1):
141-147. https://doi.org/10.1016/j.aasci.2016.10.003

Hussain, M., & Reigosa, M. 2011. Allelochemical stress inhibits growth, leaf water
relations, PSII photochemistry, non-photochemical fluorescence quenching, and
heat energy dissipation in three C3 perennial species. Journal of Experimental
Botany. 62(13): 4533-4545. https://doi.org/10.1093/jxb/err161

Hussain, M. |., & Reigosa, M. J. 2021. Secondary metabolites, ferulic acid and p-
hydroxybenzoic acid induced toxic effects on photosynthetic process in Rumex
acetosa L. Biomolecules. 11(2): 1-13. https://doi.org/10.3390/biom11020233

Jabran, K. 2017. Sunflower allelopathy for weed control. in: Manipulation of allelopathic
crops for weed control. SpringerBriefs in Plant Science. Springer. Cham. 77-85
p. https://doi.org/10.1007/978-3-319-53186-1_9

Janusauskaite, D. 2023. Investigating the phytotoxic potential of Helianthus annuus on
germination and seedling morphological parameters of two target poaceae
species: spring barley and spring wheat. Agronomy. 13(12).
https://doi.org/10.3390/agronomy13123064

Javed, K. 2011. Quantification of alkaloids, phenols and flavonoids in sunflower
(Helianthus annuus L.). African Journal of Biotechnology. 10(16): 3149-3151.
https://doi.org/10.5897/AJB09.1270

Javot, H., Pumplin, N., & Harrison, M. J. 2007. Phosphate in the arbuscular mycorrhizal
symbiosis: transport properties and regulatory roles. Plant, Cell & Environment.
30(3): 310-322. https://doi.org/10.1111/j.1365-3040.2006.01617.x

Jocic’, S., Miladinovic’, D., & Kaya, Y. 2015. Breeding and genetics of sunflower. in
Sunflower. Elsevier. 1-25 p. https://doi.org/10.1016/B978-1-893997-94-3.50007-
6

Kadir, J., & Charudattan, R. 2000. Dactylaria higginsii, a fungal bioherbicide agent for
purple nutsedge (Cyperus rotundus). Biological Control. 17(2): 113-124.
https://doi.org/10.1006/bcon.1999.0791

Kallamadi, P. R., & Mulpuri, S. 2016. Ploidy analysis of Helianthus species by flow
cytometry and its use in hybridity confirmation. The Nucleus. 59(2): 123-130.
https://doi.org/10.1007/s13237-016-0170-7

Kapoor, R., Anand, G., Gupta, P., & Mandal, S. 2017. Insight into the mechanisms of
enhanced production of valuable terpenoids by arbuscular mycorrhiza.
Phytochemistry Reviews. 16(4): 677-692. https://doi.org/10.1007/s11101-016-
9486-9

128


https://doi.org/10.1007/978-3-319-53186-1_9

Kalzakterisasi Respons Delapan Genotipe Bunga Matahari (Helianthus annuus L.) terhadap Jamur
Mikoriza

Arbuskula sebagai Dasar Seleksi Sumber Bioherbisida

UNIVERSITAS Mustaqim, Prof. Dr. Ir. Aziz Purwantoro, M.Sc. ; Dr. Dyah Weny Respatie, S.P., M.Si.

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Kaur, S., & Suseela, V. 2020. Unraveling arbuscular mycorrhiza-induced changes in
plant primary and secondary metabolome. Metabolites. 10(8): 335.
https://doi.org/10.3390/metabo10080335

Khaosaad, T., Krenn, L., Medjakovic, S., Ranner, A., Ldssl, A., Nell, M., Jungbauer, A,
& Vierheilig, H. 2008. Effect of mycorrhization on the isoflavone content and the
phytoestrogen activity of red clover. Journal of Plant Physiology. 165(11): 1161—
1167. https://doi.org/10.1016/j.jplph.2007.08.015

Kumar, M., Das, T. K., & Yaduraju, N. T. 2012. An integrated approach for management
of Cyperus rotundus (purple nutsedge) in soybean—wheat cropping system. Crop
Protection. 33: 74-81. https://doi.org/10.1016/j.cropro.2011.11.016

Kumar, N., & Pruthi, V. 2014. Potential applications of ferulic acid from natural sources.
Biotechnology Reports. 4: 86-93. https://doi.org/10.1016/j.btre.2014.09.002

Lemoine, R., La Camera, S., Atanassova, R., Dédaldéchamp, F., Allario, T., Pourtau, N.,
Bonnemain, J. L., Laloi, M., Coutos-Thévenot, P., Maurousset, L., Faucher, M.,
Girousse, C., Lemonnier, P., Parrilla, J., & Durand, M. 2013. Source-to-sink
transport of sugar and regulation by environmental factors. In Frontiers in Plant
Science. Frontiers Research Foundation. 4. doi.org/10.3389/fpls.2013.00272

Li, Z.-H., Wang, Q., Ruan, X,, Pan, C.-D., & Jiang, D.-A. 2010. Phenolics and plant
allelopathy. Molecules. 15(12): 8933—-8952. https://doi.org/10.3390/molecules
15128933

Lima, D. C., Abreu, A. de F. B., Ferreira, R. A. D. C., & Ramalho, M. A. P. 2015. Breeding
common bean populations for traits using selection index. Scientia Agricola.
72(2): 132-137. https://doi.org/10.1590/0103-9016-2014-0130

Lépez-Raez, J., Flors, V., Garcia, J., & Pozo, M. 2010. AM symbiosis alters phenolic
acid content in tomato roots. Plant Signaling & Behavior. 5: 1138-1140.
https://doi.org/10.4161/psb.5.9.12659

Luginbuehl, L. H., & Oldroyd, G. E. D. 2017. Understanding the arbuscule at the heart
of endomycorrhizal symbioses in plants. Current Biology. 27(17): R952—-R963.
https://doi.org/10.1016/j.cub.2017.06.042

Shrutidevi, BN, K., GK, S., TN, L., HM, P., G, M., & SK, N. 2025. Studies on growth and
assessment of flower quality and yield performance of ornamental sunflower
(Helianthus annuus L.) genotypes. International Journal of Research in
Agronomy. 8(10): 570-575. https://doi.org/10.33545/2618060X.2025.v8.i10h.
4055

Ma, J., Wang, W, Yang, J., Qin, S., Yang, Y., Sun, C., Pei, G., Zeeshan, M., Liao, H.,
Liu, L., & Huang, J. 2022. Mycorrhizal symbiosis promotes the nutrient content
accumulation and affects the root exudates in maize. BMC Plant Biology. 22(1):
https://doi.org/10.1186/s12870-021-03370-2

Ma, S., Jia, R, Li, X., Wang, W., Jin, L., Zhang, X,, Yu, H., Yang, J., Dong, L., Zhang, L.,

& Dong, J. 2023. Herbicidal active compound ferulic acid ethyl ester affects fatty
acid synthesis by targeting the 3-Ketoacyl-Acyl Carrier Protein Synthase | (KAS

129


https://doi.org/10.3390/molecules
https://doi.org/10.33545/2618060X.2025.v8.i10h

Kalzakterisasi Respons Delapan Genotipe Bunga Matahari (Helianthus annuus L.) terhadap Jamur
Mikoriza

Arbuskula sebagai Dasar Seleksi Sumber Bioherbisida

UNIVERSITAS Mustaqim, Prof. Dr. Ir. Aziz Purwantoro, M.Sc. ; Dr. Dyah Weny Respatie, S.P., M.Si.

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

). Journal of Agricultural and Food Chemistry. 71(1): 276-287.
https://doi.org/10.1021/acs.jafc.2c07214

MacLean, A. M., Bravo, A., & Harrison, M. J. 2017. Plant signaling and metabolic
pathways enabling arbuscular mycorrhizal symbiosis. The Plant Cell. 29(10):
2319-2335. https://doi.org/10.1105/tpc.17.00555

Maes, L., Van Nieuwerburgh, F. C. W., Zhang, Y., Reed, D. W., Pollier, J., Vande
Casteele, S. R. F,, Inzé, D., Covello, P. S., Deforce, D. L. D., & Goossens, A.
2011. Dissection of the phytohormonal regulation of trichome formation and
biosynthesis of the antimalarial compound artemisinin in Artemisia annua plants.
New Phytologist. 189(1): 176-189. https://doi.org/10.1111/j.1469-
8137.2010.03466.x

Marrassini, V., Ercoli, L., Paredes, A. V. A., & Pellegrino, E. 2025. Positive response to
inoculation with indigenous arbuscular mycorrhizal fungi as modulated by barley
genotype. Agronomy for Sustainable Development. 45(2).
https://doi.org/10.1007/s13593-025-01016-3

Mathew, F., Harveson, R., Block, C., Gulya, T., Ryley, M., Thompson, S., & Markell, S.
2020. Sclerotinia diseases of sunflower. Plant Health Instructor.
https://doi.org/10.1094/PHI-1-2020-1201-01

Nacoon, S., Seemakram, W., Ekprasert, J., Theerakulpisut, P., Sanitchon, J., Kuyper, T.
W., & Boonlue, S. 2023. Arbuscular mycorrhizal fungi enhance growth and
increase concentrations of anthocyanin, phenolic compounds, and antioxidant
activity of black rice (Oryza sativa L.). Soil Systems. 7(2).
https://doi.org/10.3390/soilsystems7020044

Neeser, C., Aguero, R., & Swanton, C. J. 1997. Survival and dormancy of purple
nutsedge ( Cyperus rotundus ) tubers. Weed Science. 45(6): 784-790.
https://doi.org/10.1017/S0043174500088974

Obel, O. 2023. The potential yield of sunflowers on coastal land with several dosages of
mycorrhizae and chicken manure fertilizer. Jurnal Agronomi Tanaman Tropika
(Juatika). 5(2). https://doi.org/10.36378/juatika.v5i2.3035

Olivoto, T., Diel, M. I., Schmidt, D., & Lucio, A. D. 2022. MGIDI: a powerful tool to analyze
plant multivariate data. Plant Methods. 18(1): 121. https://doi.org/10.1186/s13
007-022-00952-5

Ortas, I. 2012. The effect of mycorrhizal fungal inoculation on plant yield, nutrient uptake
and inoculation effectiveness under long-term field conditions. Field Crops
Research. 125: 35-48. https://doi.org/10.1016/j.fcr.2011.08.005

Parniske, M. 2008. Arbuscular mycorrhiza: the mother of plant root endosymbioses.
Nature Reviews Microbiology. 6(10): 763—-775. https://doi.org/10.1038/nrmicro
1987

Peerzada, A. M. 2017. Biology, agricultural impact, and management of Cyperus

rotundus L.: the world’s most tenacious weed. Acta Physiologiae Plantarum.
39(12). https://doi.org/10.1007/s11738-017-2574-7

130


https://doi.org/10.1186/s13
https://doi.org/10.1038/nrmicro

Kalzakterisasi Respons Delapan Genotipe Bunga Matahari (Helianthus annuus L.) terhadap Jamur
Mikoriza

Arbuskula sebagai Dasar Seleksi Sumber Bioherbisida

Mustaqim, Prof. Dr. Ir. Aziz Purwantoro, M.Sc. ; Dr. Dyah Weny Respatie, S.P., M.Si.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Petraru, A., Ursachi, F., & Amariei, S. 2021. Nutritional characteristics assessment of
sunflower seeds, oil and cake. perspective of using sunflower oilcakes as a
functional ingredient. Plants. 10(11): 2487. doi.org/10.3390/plants10112487

Pimprikar, P., Carbonnel, S., Paries, M., Katzer, K., Klingl, V., Bohmer, M. J., Karl, L.,
Floss, D. S., Harrison, M. J., Parniske, M., & Gutjahr, C. 2016. A CCaMK-
CYCLOPS-DELLA complex activates transcription of RAM1 to regulate
arbuscule branching. Current Biology. 26(8): 987-998.
https://doi.org/10.1016/j.cub.2016.01.069

Puttha, R., Venkatachalam, K., Hanpakdeesakul, S., Wongsa, J., Parametthanuwat, T.,
Srean, P., Pakeechai, K., & Charoenphun, N. 2023. Exploring the potential of
sunflowers: agronomy, applications, and opportunities within bio-circular-green
economy. Horticulturae. 9(10). https://doi.org/10.3390/horticulturae9101079

Pyrzynska, K. 2024. Ferulic Acid—a brief review of its extraction, bioavailability and
biological activity. Separations. 11(7). https://doi.org/10.3390/separations11070
204

R. M. Harveson, S. G. Markell, C. C. Block, & T. J. Gulya. 2016. Compendium of
sunflower diseases and pests. The American Phytopathological Society.
https://doi.org/10.1094/9780890545096

Radanovi¢, A., Miladinovi¢, D., Cveji¢, S., Jockovi¢, M., & Joci¢, S. 2018. Sunflower
genetics from ancestors to modern hybrids—a review. Genes. 9(11): 528.
https://doi.org/10.3390/genes9110528

Rajeshwari, S., Chowdary, S. K., Dileep, A., Joghee, S., Alves, E., Gurupadayya, B.,
Mohan, N., Kumar, P. B., & Madhunapantula, S. V. 2025. Comprehensive
exploration of ferulic acid from corn leaves: extraction, structural
characterisation, hplc quantification, and anti-inflammatory evaluation through in
silico docking, molecular dynamics simulation, and in vitro studies. Tropical
Journal of Natural Product Research. 9(1): 362-368.
https://doi.org/10.26538/tjnpr/v9i1.46

Rashad, Y., Aseel, D., Hammad, S., & Elkelish, A. 2020. Rhizophagus irregularis and
Rhizoctonia solani differentially elicit systemic transcriptional expression of
polyphenol biosynthetic pathways genes in sunflower. Biomolecules. 10(3): 379.
https://doi.org/10.3390/biom10030379

Rashidi, S., Yousefi, A. R., Pouryousef, M., & Goicoechea, N. 2022. Effect of arbuscular
mycorrhizal fungi on the accumulation of secondary metabolites in roots and
reproductive organs of Solanum nigrum, Digitaria sanguinalis and Ipomoea
purpurea. Chemical and Biological Technologies in Agriculture. 9(1): 23.
https://doi.org/10.1186/s40538-022-00288-1

Ravli¢, M., Markulj Kulundzi¢, A., Balicevi¢, R., Markovi¢, M., Vilevac Vuleti¢, M.,
Kranjac, D., & Sarajli¢, A. 2022. Allelopathic potential of sunflower genotypes at
different growth stages on lettuce. Applied Sciences. 12(24).
https://doi.org/10.3390/app 122412568

Rawat, L. S., Maikhuri, R. K., Bahuguna, Y. M., Jha, N. K., & Phondani, P. C. 2017.
Sunflower allelopathy for weed control in agriculture systems. Journal of Crop

131


https://doi.org/10.3390/separations

Kalzakterisasi Respons Delapan Genotipe Bunga Matahari (Helianthus annuus L.) terhadap Jamur
Mikoriza

Arbuskula sebagai Dasar Seleksi Sumber Bioherbisida

Mustaqim, Prof. Dr. Ir. Aziz Purwantoro, M.Sc. ; Dr. Dyah Weny Respatie, S.P., M.Si.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Science and Biotechnology. 20(1): 45-60. https://doi.org/10.1007/s12892-016-
0093-0

Respatie, D., Prapto, Y., Purwantoro, A., & Trisyono, Y. A. 2019. The potential of Cosmos
sulphureus flower extract as a bioherbicide for Cyperus rotundus. Biodiversitas
Journal of Biological Diversity. 20(12). https://doi.org/10.13057/biodiv/d201215

Rivero, J., Gamir, J., Aroca, R., Pozo, M. J., & Flors, V. 2015. Metabolic transition in
mycorrhizal tomato roots. Frontiers in Microbiology. 6. https://doi.org/10.3389
/fmicb.2015.00598

Roth, R., & Paszkowski, U. 2017. Plant carbon nourishment of arbuscular mycorrhizal
fungi. Current Opinion in Plant Biology. 39: 50-56. https://doi.org/10.1016/j.pbi.
2017.05.008

Salmeron-santiago, I. A., Martinez-trujillo, M., Valdez-alarcén, J. J., Pedraza-santos, M.
E., Santoyo, G., Pozo, M. J., & Chavez-barcenas, A. T. 2022. An updated review
on the modulation of carbon partitioning and allocation in arbuscular mycorrhizal
plants. Microorganisms 10(1). https://doi.org/10.3390/microorganisms10010075

Schliemann, W., Schmidt, J., Nimtz, M., Wray, V., Fester, T., & Strack, D. 2006.
Accumulation of apocarotenoids in mycorrhizal roots of Ornithogalum
umbellatum. Phytochemistry. 67(12): 1196—1205. https://doi.org/10.1016/
j-phytochem.2006.05.005

Seiler, G. J., Qi, L. L., & Marek, L. F. 2017. Utilization of sunflower crop wild relatives for
cultivated sunflower improvement. Crop Science. 57(3). 1083-1101.
https://doi.org/10.2135/cropsci2016.10.0856

Shi, H., Lu, C., Wu, Y., Wang, L., & Cai, B. 2024. AMF inhibit the production of phenolic
acid autotoxins at the seed-filling stage in soybeans with continuous
monocropping. BMC Plant Biology. 24(1): 732. https://doi.org/10.1186/s12870-
024-05330-y

Simdes, W. L., Silva, J. S. da, Oliveira, A. R. de, Regitano Neto, A., Drumond, M. A.,
Lima, J. A., & Nascimento, B. R. do. 2020. Sunflower cultivation under different
irrigation systems and planting spacings in the sub-middle region of Séao
Francisco Valley. Semina: Ciéncias Agrarias. 41(6): 2899-2910.
https://doi.org/10.5433/1679-0359.2020v41n6Supl2p2899

Smith, B. D. 2014. The domestication of Helianthus annuus L. (sunflower). Vegetation
History and Archaeobotany. 23(1): 57—74. https://doi.org/10.1007/s00334-013-
0393-3

Stahlhut, K. N., Dowell, J. A., Temme, A. A., Burke, J. M., Goolsby, E. W., & Mason, C.
M. 2021. Genetic control of arbuscular mycorrhizal colonization by Rhizophagus
intraradices in Helianthus annuus (L.). Mycorrhiza. 31(6): 723-734.
https://doi.org/10.1007/s00572-021-01050-5

Thirkell, T. J., Grimmer, M., James, L., Pastok, D., Allary, T., Elliott, A., Paveley, N.,
Daniell, T., & Field, K. J. 2022. Variation in mycorrhizal growth response among
a spring wheat mapping population shows potential to breed for symbiotic
benefit. Food and Energy Security. 11(2). https://doi.org/10.1002/fes3.370

132


https://doi.org/10.3389
https://doi.org/10.1016/j.pbi
https://doi.org/10.1016/

Kalzakterisasi Respons Delapan Genotipe Bunga Matahari (Helianthus annuus L.) terhadap Jamur
Mikoriza

Arbuskula sebagai Dasar Seleksi Sumber Bioherbisida

UNIVERSITAS Mustaqim, Prof. Dr. Ir. Aziz Purwantoro, M.Sc. ; Dr. Dyah Weny Respatie, S.P., M.Si.

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Turrini, A., Giordani, T., Avio, L., Natali, L., Giovannetti, M., & Cavallini, A. 2016. Large
variation in mycorrhizal colonization among wild accessions, cultivars, and
inbreds of sunflower (Helianthus annuus L.). Euphytica. 207(2): 331-342.
https://doi.org/10.1007/s10681-015-1546-5

Vangelisti, A., Natali, L., Bernardi, R., Sbrana, C., Turrini, A., Hassani-Pak, K., Hughes,
D., Cavallini, A., Giovannetti, M., & Giordani, T. 2018. Transcriptome changes
induced by arbuscular mycorrhizal fungi in sunflower (Helianthus annuus L.)
roots. Scientific Reports. 8(1). https://doi.org/10.1038/s41598-017-18445-0

Vishwaijith, S.P. Halagalimath, & Ganajaxi Math (India). 2017. Allelopathic effects of
sunflower on succeeding mungbean (Vigna radiata L. Wilczek) crop. Allelopathy
Journal. 42(1): 37—-48. https://doi.org/10.26651/2017-42-1-1104

Wang, W., Shi, J., Xie, Q., Jiang, Y., Yu, N., & Wang, E. 2017. Nutrient exchange and
regulation in arbuscular mycorrhizal symbiosis. Molecular Plant. 10(9): 1147—
1158. https://doi.org/10.1016/j.molp.2017.07.012

Watts-Williams, S. J., Gill, A. R., Jewell, N., Brien, C. J., Berger, B., Tran, B. T. T., Mace,
E., Cruickshank, A. W., Jordan, D. R., Garnett, T., & Cavagnaro, T. R. 2022.
Enhancement of sorghum grain yield and nutrition: A role for arbuscular
mycorrhizal fungi regardless of soil phosphorus availability. Plants People
Planet. 4(2): 143—-156. https://doi.org/10.1002/ppp3.10224

Wijayawardene, N., Hyde, K., Dai, D., Sanchez-Garcia, M., Goto, B., Saxena, R,
Erdogdu, M., Selguk, F., Rajeshkumar, K., Aptroot, A., Btaszkowski, J.,
Boonyuen, N., da Silva, G., de Souza, F., Dong, W., Ertz, D., Haelewaters, D.,
Jones, E., Karunarathna, S., ... Thines, M. 2022. Outline of fungi and fungus-like
taxa. Mycosphere. 13(1), 53—453. https://doi.org/10.5943/mycosphere/13/1/2

Xie, K., Ren, Y., Chen, A., Yang, C., Zheng, Q., Chen, J., Wang, D., Li, Y., Hu, S., & Xu,
G. 2022. Plant nitrogen nutrition: The roles of arbuscular mycorrhizal fungi.
Journal of Plant Physiology. 269: 153591. https://doi.org/10.1016/j.jplph.2021.
153591

Xie, W., Hodge, A., Hao, Z., Fu, W., Guo, L., Zhang, X., & Chen, B. 2022. Increased
carbon partitioning to secondary metabolites under phosphorus deficiency in
Glycyrrhiza uralensis fisch. is modulated by plant growth stage and arbuscular
mycorrhizal symbiosis. Frontiers in Plant Science. 13. https://doi.org/10.3389
/fpls.2022.876192

Yang, S.-Y., Gregnlund, M., Jakobsen, |., Grotemeyer, M. S., Rentsch, D., Miyao, A,
Hirochika, H., Kumar, C. S., Sundaresan, V., Salamin, N., Catausan, S., Mattes,
N., Heuer, S., & Paszkowski, U. 2012. Nonredundant regulation of rice
arbuscular mycorrhizal symbiosis by two members of the phosphate transporter1
gene family. The Plant Cell. 24(10): 4236—4251. https://doi.org/10.1105/tpc.
112.104901

Yi, S.-C., Wei, C.-Y,, Tong, Y., Xu, L., Fan, D.-L., Yu, S.-X,, Liu, S.-Y., Wu, R.-H., Liu, X.-
L., & Tang, W.-W. 2024. Mature tubers of purple nutsedge ( Cyperus rotundus )
confer flooding tolerance by adopting a low-oxygen quiescence strategy that may
contribute to its emergence in rice fields. Weed Science. 72(6): 761-773.
https://doi.org/10.1017/wsc.2024.74

133


https://doi.org/10.1016/j.jplph
https://doi.org/10.3389
https://doi.org/10.1105/tpc

Kalzakterisasi Respons Delapan Genotipe Bunga Matahari (Helianthus annuus L.) terhadap Jamur
Mikoriza

Arbuskula sebagai Dasar Seleksi Sumber Bioherbisida

Mustaqim, Prof. Dr. Ir. Aziz Purwantoro, M.Sc. ; Dr. Dyah Weny Respatie, S.P., M.Si.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Yoneyama, K., Xie, X., Kusumoto, D., Sekimoto, H., Sugimoto, Y., Takeuchi, Y., &
Yoneyama, K. 2007. Nitrogen deficiency as well as phosphorus deficiency in
sorghum promotes the production and exudation of 5-deoxystrigol, the host
recognition signal for arbuscular mycorrhizal fungi and root parasites. Planta.
227(1): 125-132. https://doi.org/10.1007/s00425-007-0600-5

Zangoueinejad, R., Sirooeinejad, B., Alebrahim, M. T., & Bajwa, A. A. 2022. Integrated
use of herbicides and mulching for sustainable control of purple nutsedge
(Cyperus rotundus) in a Tomato Crop. Sustainability. 14(19): 12737.
https://doi.org/10.3390/su141912737

Zhang, R.-Q., Zhu, H.-H., Zhao, H.-Q., & Yao, Q. 2013. Arbuscular mycorrhizal fungal
inoculation increases phenolic synthesis in clover roots via hydrogen peroxide,
salicylic acid and nitric oxide signaling pathways. Journal of Plant Physiology.
170(1): 74-79. https://doi.org/10.1016/j.jplph.2012.08.022

Zhao, Y., Cartabia, A., Lalaymia, I., & Declerck, S. 2022. Arbuscular mycorrhizal fungi
and production of secondary metabolites in medicinal plants. Mycorrhiza. 32(3—
4): 221-256. https://doi.org/10.1007/s00572-022-01079-0

Zubek, S., Stojakowska, A., Anielska, T., & Turnau, K. 2010. Arbuscular mycorrhizal fungi

alter thymol derivative contents of Inula ensifolia L. Mycorrhiza. 20(7): 497-504.
https://doi.org/10.1007/s00572-010-0306-6

134




  Kolonisasi   akar    ( % ) =   ∑ skor   kolonisasi    J u m l a h   s e g m e n   y a n g   d i a m a t i ​ × 100


  y = a x + b


  T o t a l   f e n o l =   C × V × F P  m


  y = a x + b


  C =   A − b  a


  A s a m   f e r u l a t   b e b a s =   C × F P × V  m


    Y   { i j k } = 𝜇 +   G  i +   M  j +    ( G M )   { i j } +   B  k +   𝜀   { i j k }


  L R   R  i k = 𝜇 +   G  i +   B  k +   𝜀  i k


    G  i


    B  k


    C I  95 % =   L R R ‾ ± 1 , 96 × S E


    L R R ‾


  S E


   2  − Δ C t


   2  − Δ Δ C t


   2  − Δ C t


   2  − Δ Δ C t

