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Abstract  

 
Indonesia has a tropical monsoon-type climate which suitable for agriculture and plantations. One of 
Indonesia's main centres of orange fruits (Citrus sp.) production and becoming the top ten with the largest 
production is in South Sulawesi. Farmers commonly cultivate siam oranges (Citrus nobilis). Lime (Citrus 
aurantifolia) has not yet become the main production, inversely proportional to the high demand in South 
Sulawesi. This study aims to determine the ability of bio-catharanthine as a polyploidy agent against the 
phenotype of the family Rutaceae cultivated in South Sulawesi. The research was carried out in Laboratory 
of Genetics and Molecular Biology, Department of Biology, Universitas Islam Negeri Alauddin Makassar 
using randomized complete block design consisted of two conditions (bio-catharanthine concentration 
including C1 = Bio-catharanthine 0.05%; C2 = Bio-catharanthine 0.075%; C3 = Bio-catharanthine 0.1% and 
immersion time including T1 = 3 h; T2 = 6 h). Phenotypic observations include plant height, the number of 
leaves and nodes, the length of roots, and the number per shoot. The study results showed that the bio-
catharanthine immersion of 0.05-0.075% for 6 hours in Rutaceae significantly affected their phenotypic 
characters. 
 
Keywords: Bio-catharanthine, Citrus sp., the phenotype of orange fruit; polyploidy agent 

 
1. Introduction  

As an agrarian country, Indonesia is inseparable from the horticultural commodity 

chain, which aims for the bright prospect, judging from its comparative and competitive 

advantages in the future recovery of the Indonesian economy (Nasikh et al., 2021; Arifin, 

2013; Morgan, 2013). Fruits and vegetables are part of horticultural commodities 

containing nutritional value (Li et al., 2021; Mostafidi et al., 2020; Liu et al., 2012; Liu, 

2013; Vincente et al., 2014). It cannot be synthesised in the human body and a few other 

species, also unavailable in different types of foods (Baldrick et al., 2011; Vincente et al., 

2014; Baiano & Del Nobile, 2016).  Fruits are commonly cultivated in Indonesia. Which 

suitable for tropical monsoon-type climate are members of the family Rutaceae, including 

siam oranges (Citrus nobilis), lime (Citrus aurantifolia), kaffir lime (Citrus hystrix), lemons 

(Limonia acidissima), grapefruit (Citrus maxima), bael (Aegle marmelos) and kingkit 

orange (Triphasia trifoliata). The supply and demand for orange fruits have continued to 

increase from 2015 to 2019 (PDSIP, 2015; Hanif, 2020). In 2019, Indonesia was able to 

produce 2.444.518 tons of Siam oranges (BPS, 2020). However, this production cannot 

stop the import value of orange fruits due to the increasing consumption trend since 2019. 
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The COVID-19 pandemic has increased public awareness of the importance of consuming 

fruits such as orange fruits. 

One of Indonesia's leading centres of orange fruit production and becoming the top 

ten with the most significant show is in South Sulawesi (PDSIP, 2015). The 13 districts 

which are the centers of orange fruits production include Bantaeng, Selayar, Bulukumba, 

Enrekang, Bone, Soppeng, Wajo, Sinjai, Luwu, North Luwu, East Luwu, Gowa, and Sidrap 

(Sugiyatno, 2015). About 70-80% of the cultivar developed by farmers are still siam 

oranges. Siam orange is one of the mainstay commodities in North Luwu Regency  

(planted area of 77.000 ha). Pangkep Regency develops Pamelo oranges with four 

cultivars, including Gula-Gula, Bencong, Putih, and Merah. Bantaeng Regency was 

designated as the base area production of Keprok Batu 55 with a planted area of around 

8 ha. Keprok orange of Selayar cultivar is developed in Selayar Regency with a planted 

area of more than 5.800 hectares (PDSIP, 2015; Tahir et al., 2018; BALITJESTRO, 2019). 

For the management of Citrus cultivation in South Sulawesi, the local farmers still 

use hereditary methods such as seed propagation and other improper cultivation 

methods. As a result, many Citrus plants die if they are unable to adapt to the environment. 

The synergy of farmer groups with the government and research institutions in 

disseminating the innovation of Citrus cultivation has a positive impact on increasing fruit 

production and developing marketing distribution (Subekti et al., 2016; Rugayah et al., 

2020). With the technology program to be adopted, the community will preserve the 

existence of orange varieties and increase the production of existing orange fruits. The 

expansive land and various cultivars can adapt to dry land, allowing it to be developed on 

a larger scale.  

Polyploidy can increase genetic diversity, phenotypic plasticity, and 

heterozygosity. Hence it can contribute to the potential for adaptive polyploidy plants that 

can rapidly develop into new species with improved characters or be used in breeding 

programs (Lavania, 2013; Soltis et al., 2015; Bourke et al., 2018; Gallego-Tévar et al., 2018; 

Wei et al., 2019). This study aims to determine the ability of bio-catharanthine as a 

polyploidy agent against the phenotype of the family Rutaceae cultivated in South 

Sulawesi. This research describes the first work on polyploidy in some local Citrus sp. 

using bio-catharanthine. It is a market opportunity and an opportunity for the 

development of local orange fruit with a high diversity of genetic resources, thus 

supporting the availability and assembly of high-quality varieties. 

2. Material and Method 

The Citrus sp. sample preparation, including Citrus aurantiifolia and Citrus maxima 

cv. Gula-Gula (family Rutaceae) was carried out directly at the planting centre in Pangkep 

Regency, South Sulawesi. The samples are then taken to the Genetics and Molecular 

Biology Laboratory, Universitas Islam Negeri Alauddin Makassar. The seeds are removed 

and cleaned. Both Citrus sp. seeds were soaked with bio-catharanthine with various 

concentrations at room temperature, 20-26°C for 3-6 h. Then the germination process is 
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carried out using the Rockwool hydroponic system. The seeds sprout on the 5th-7th day 

after sowing. 

Field experiments using the hydroponic system factorial (2 x 2) + 1 control 

arranged in a completely randomized block design, with a concentration bio 

catharanthine including C1 = bio-catharanthine 0.05%; C2 = bio-catharanthine; 0.075%; 

C3 = bio-catharanthine 0.1% and immersion time T1 = 3 h and T2 = 6 h (Aristya & 

Daryono, 2014; Muarifin & Daryono, 2015; Rosmaiti & Dani, 2015). Control was both of 

Citrus sp. without immersion in bio-catharanthine solution. The treatments were 

repeated three times, each treatment consisting of three plants. 

Both Citrus sp. seeds were soaked in a solution of C1, C2, and C3 for 3-6 h. The 

solution is also sprayed on the shoots and young leaves every day for one week after 

planting. Furthermore, the solution is sprayed once a week. Phenotypic variables 

observed 12 weeks after planting were plant height, the number of leaves and nodes, the 

length of roots, and the number of roots per shoot. Phenotype data as quantitative data 

were analysed by ANOVA (P<0.05). In addition, the mean difference test between 

treatments was also carried out using Tukey's HSD in IBM SPSS ver. 25.0. 
 

3. Results and Discussion 

3.1.  Results 

In general, the results showed that the bio-catharanthine induced changes in the 

phenotype of both Citrus sp. including plant height, the number of leaves, the number of 

nodes, the length of roots, and the number of roots per shoot. This phenotype affects the 

changes in the chromosome number of both Citrus sp. T1 treatment did not show 

significant results, while T2 treatment is as follows in Table 1 and Table 2. 

 

Table 1. The concentration variation of bio-catharanthine for six h on the phenotype 
growth of Citrus aurantiifolia at six weeks after planting. 

Bio-
catharanthine 
concentration 

(%) 

Plant height Number of leaves 
Number of 

nodes 
Length 
of roots 

Number of 
roots per 

shoot 

0 4.2a 3.8a 3.8a 1.3 4.5a 

0.05 5.0b 4.9b 4.7b 1.0 3.0b 

0.075 3.5c 2.4c 2.1c 1.0 2.8c 

0.1 2.9c 1.5d 1.6c 1.0 1.0d 

Note: Values followed by the same letter in the same column show results that are not significantly different 
based on the Duncan Multiple Range Test at α = 5%. 

 
Table 1 shows the data on five phenotypes of C. aurantifolia. Two concentration 

variations (0.075% & 0.1%) resulted in a decrease in plant height, number of leaves, 

number of books, number of roots, and root length compared to the control. 
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Table 2. The concentration variation of bio-catharanthine for six h on the phenotype 
growth of Citrus maxima cv. Gula-Gula at six weeks after planting. 

Bio-catharanthine 
concentration (%) 

Plant height Number of leaves 
Number of 

nodes 
Length 
of roots 

Number of 
roots per 

shoot 
0 6.7a 3.7a 2.6a 1.0 6.5a 

0.05 7.1b 4.5b 3.6b 1.0 5.7b 

0.075 6.3c 2.2c 2.1c 1.0 3.2c 

0.1 3.9c 1.9c 1.5c 1.0 2.0d 

Note: Values followed by the same letter in the same column show results that are not significantly different 
based on the Duncan Multiple Range Test at α = 5%. 

 

Table 2 shows the data on five phenotypes of C. maxima cv. Gula-Gula. Only one 

concentration variations (0.05%) resulted in an increase in plant height, number of 

leaves, number of books, number of roots, and root length compared to the control. 

 

 

 

 

 

 

 

Figure 1. The phenotype of family Rutaceae induced by bio-catharanthine (a), Citrus aurantiifolia in control 
without the bio-catharanthine (b) Citrus aurantiifolia induced by 0.05% bio-catharanthine for 6 
hours (c) Citrus maxima cv. Gula-Gula with no induction (d) Citrus maxima cv. Gula-Gula induced 
by 0.05% bio-catharanthine for 6 hours. 

 

3.2.  Discussion  

Bio-catharanthine is an innovative product of a chromosome multiplying agent 

obtained from extracts of Catharanthus roseus developed by the Faculty of Biology, 

Universitas Gadjah Mada. Catharanthus roseus has several compounds such as vincristine, 

vindoline, vinblastine, and catharanthine used as antimitotic agents (Liu et al., 2014; 

Karimi & Raofie, 2019); it can multiply chromosomes (Begum, 2011; Moudi et al., 2013; 

Dall'Acqua, 2014; Alam et al., 2017). Its application produces polyploid plants with more 

extensive and robust roots, stems, leaves, flowers, fruit sizes, more resistance to 

pathogens and drought, and higher production.  

The treatment of bio-catharanthine concentration had a significant effect on the 

increase in plant height, number of leaves, number of nodes, and number of roots per 
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shoot, but on the contrary, on the length of root both Citrus aurantiifolia and Citrus 

maxima cv. Gula-Gula at six weeks after planting (Figure 1). 

Artificial polyploidy induction using bio-catharanthine provides growth variations 

in four phenotypes of C. aurantiifolia and C. maxima cv. Gula-Gula (Tables 1 & 2). The 

induction, which increased in plant size, was a concentration of 0.05% compared to the 

control. The increase in size did not apply to the other two concentrations. The results 

obtained from this study are in line with two previous studies that also used bio-

catharanthine. Muarifin & Daryono (2015) showed an increase in size on the phenotype 

and ploidy of Arachis hypogaea L. 'Talam,' and Yuniasih & Maryani (2011), who examined 

Cultivar Melodi Gama-1 was polyploids with bio-catharanthine. 

The plant organ size decreased after the bio-catharanthine concentration was 

added over 0.05% for six h (Tables 1 & 2). In contrast to previous studies by Aleza et al. 

(2009), a concentration of 0.1% colchicine for three h was obtained to induce the 

polymerisation of Citrus clementina. The increase in organ size is strongly affected by the 

amount of concentration applied and the appropriate length of immersion time. The 

lethality or survival percentage of mitotic agent-treated plants could inform each plant's 

optimum concentration and immersion duration (Eng & Ho, 2019). Sensitivity to mitotic 

agents could differ between plant species.  

Bio-catharanthine containing vinca alkaloid compounds has a certain way of 

working on its effectiveness as an antimitotic and less toxic alternative to colchicine. 

Yulianti et al. (2015), showed Citrus nobilis cv. Simadu required 0.1% colchicine to 

produce twice as many chloroplasts as the control shoots. In our report, the bio-

catharanthine in 0.05% was most effective for polyploidisation, lower than colchicine. We 

also found the obovate petiole wing shape on Citrus maxima cv. Gula-Gula considered 

mutations due to bio-catharanthine induction, some of which were not found in control. 

Yasin et al. (2017), also found the differences in the leaves character of Citrus nobilis cv. 

Pontianak as 0.15% colchicine induction results. The leaves showed a junction between 

the petiole and lamina.  

The main mechanism of vinca alkaloid cytotoxicity is its interaction with tubulin 

and microtubule dysfunction (Moudi et al., 2013; Zhang et al., 2017). The presence of 

vinca alkaloids as tubulin modulators will inhibit polymerisation by binding to α/β 

tubulin protein. Thus the microtubule congregation interrupts, and microtubules fail to 

function normally (Sertel et al., 2011; Di Cesare et al., 2017; Quan et al., 2019). The 

formation of the division spindle will be inhibited. The doubling-chromosomes are not 

carried in the opposite direction; hence polyploid cells are formed. The disruptive effect 

of the vinca alkaloids of bio-catharanthine on microtubule dynamics, especially at the tip 

of the mitotic spindle, only occurs at the correct concentration capable of decreasing 

microtubule mass. Polyploidy in Citrus aurantiifolia and Citrus maxima cv Gula-Gula 

works effectively at a concentration of 0.05% bio-catharanthine induction.  

Polyploidy made deliberately through the induction process assisted by bio-

catharanthine will produce morphological characters of polyploid plants that are 
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different from their parents, such as larger cell size, thicker leaves, faster growth, and 

more vigorous, as well as more improved chemical composition. The critical improvement 

of this study was the assessment of efficient methods of utilising polyploids, improving 

the varieties, and increasing the genetic diversity of Citrus sp. 

 

Conclusion 

Bio-catharanthine immersion for 6 hours with the concentration of 0.05%, 
0.075%, and 0.1% had a significant effect on the phenotypic properties of Citrus 
aurantiifolia and Citrus maxima cv. Gula-Gula (Rutaceae). A concentration of 0.05% 
indicates a larger phenotype character. 
 

Acknowledgement 

We are grateful to the Laboratory of Genetics and Molecular Biology team, 
Universitas Islam Negeri Alauddin Makassar. We thank Afridha Sari, Nur Azizah, Andi 
Azmi Zufarah Yakub, Nurjannah, Rina Ristiana, Widya Hastuti for sample preparation. 
This work was funded by the Program for research assistance, scientific publication, and 
community service, the Directorate General of Islamic Education, Ministry of Religious 
Affairs, the Republic of Indonesia based on decree number No. 42 Tahun 2020.  

 

Reference 

 

Alam M.M., Naeem M., Khan M.M.A., Uddin M. (2017). Vincristine and Vinblastine 
Anticancer Catharanthus Alkaloids: Pharmacological Applications and Strategies for 
Yield Improvement. In: Naeem M., Aftab T., Khan M. (eds) Catharanthus roseus. New 
York: Springer, Cham. pp. 277–307. https://doi.org/10.1007/978-3-319-51620-
2_11.  

Aleza, P., Juárez, J., Ollitrault, P., & Navarro, L. (2009). Production of Tetraploid Plants of 
Non-Apomictic Citrus Genotypes. Plant Cell Reports, 28(12), 1837–1846. 
https://doi.org/10.1007/s00299-009-0783-2.  

 

Arifin, B. (2013). On the Competitiveness and Sustainability of the Future of Agriculture 
in the Pacific. ASEAN Journal of Economics, Management and Accounting, 1(1), 81–100. 

 
Aristya, G. R., & Daryono, B. S. (2014). Karakter Fenotipik Tanaman Stroberi Festival 

(Fragaria X Ananassa D.) Hasil Induksi Kolkisin pada Konsentrasi 0, 05% dan 0, 
01%. Biogenesis: Jurnal Ilmiah Biologi, 2(2), 70–78. 
https://doi.org/10.24252/bio.v2i2.470.  

 

Baiano, A., & Del Nobile, M. A. (2016). Antioxidant Compounds from Vegetable Matrices: 
Biosynthesis, Occurrence, and Extraction Systems. Critical Reviews in Food Science 
and Nutrition, 56(12), 2053–2068. 
https://doi.org/10.1080/10408398.2013.812059.  

6

https://doi.org/10.1007/978-3-319-51620-2_11
https://doi.org/10.1007/978-3-319-51620-2_11
https://doi.org/10.1007/s00299-009-0783-2
https://doi.org/10.24252/bio.v2i2.470
https://doi.org/10.24252/bio.v2i2.470
https://doi.org/10.1080/10408398.2013.812059.


Polyploidy Induction of Rutaceae through Bio-catharanthine… 

Volume 14, Issue 1, June 2021 7 

 
Baldrick, F. R., Woodside, J. V., Elborn, J. S., Young, I. S., & McKinley, M. C. (2011). 

Biomarkers of Fruit And Vegetable Intake in Human Intervention Studies: A 
Systematic Review. Critical Reviews in Food Science and Nutrition, 51(9), 795–815. 
https://doi.org/10.1080/10408398.2010.482217. 

 
BALITJESTRO. (2019). Kementan Dukung Pengembangan Jeruk Keprok Selayar. [report]. 

Jakarta: Balai Penelitian Jeruk dan Buah Sub Tropis, Direktorat Jenderal 
Hortikultura, Kementerian Pertanian Republik Indonesia.  
http://hortikultura.pertanian.go.id. 

 
Begum, F. (2011). Augmented Production of Vincristine in Induced Tetraploids of 

Agrobacterium Transformed Shooty Teratomas of Catharanthus roseus. Medicinal 
Plants-International Journal of Phytomedicines and Related Industries, 3(1), 59–64. 
http://dx.doi.org/10.5958/j.0975-4261.3.1.007 

 

Bourke, P. M., Voorrips, R. E., Visser, R. G., & Maliepaard, C. (2018). Tools for Genetic 
Studies in Experimental Populations of Polyploids. Frontiers in Plant Science, 9, 1–
-17. https://doi.org/10.3389/fpls.2018.00513 

 
BPS. (2020). Produksi Tanaman Buah-Buahan 2019. [report]. Jakarta: Badan Pusat 

Statistik Indonesia. https://www.bps.go.id 
 
Dall'Acqua, S. (2014). Natural products as antimitotic agents. Current Topics in Medicinal 

Chemistry, 14(20), 2272–2285. 
https://doi.org/10.2174/1568026614666141130095311 

 

Di Cesare, E., Verrico, A., Miele, A., Giubettini, M., Rovella, P., Coluccia, A., Famiglini, V., La 
Regina, G., Cundari, E., Silvestri, R., & Lavia, P. (2017). Mitotic Cell Death Induction 
by Targeting the Mitotic Spindle with Tubulin-Inhibitory Indole Derivative 
Molecules. Oncotarget, 8(12), 19738–19759. 
https://doi.org/10.18632/oncotarget.14980 

Eng, W. H., & Ho, W. S. (2019). Polyploidization using Colchicine in Horticultural Plants: A 
Review. Scientia Horticulturae, 246, 604–617. 
https://doi.org/10.1016/j.scienta.2018.11.010 

 

Gallego-Tévar, B., Rubio-Casal, A. E., de Cires, A., Figueroa, E., Grewell, B. J., & Castillo, J. M. 
(2018). Phenotypic Plasticity of Polyploid Plant Species Promotes Transgressive 
Behaviour in Their Hybrids. AoB Plants, 10(5), 1–16. 
https://doi.org/10.1093/aobpla/ply055 

 
Hanif, Z. (2020). Pengembangan Agribisnis Jeruk Nusantara. Bogor: Iptek Hortikultura, 

Pusat Penelitian dan Pengembangan Hortikultura, Kementerian Pertanian 
Republik Indonesia. p. 27–30. 

 

https://doi.org/10.1080/10408398.2010.482217
http://hortikultura.pertanian.go.id./
http://dx.doi.org/10.5958/j.0975-4261.3.1.007
https://doi.org/10.3389/fpls.2018.00513
https://www.bps.go.id/
https://doi.org/10.2174/1568026614666141130095311
https://doi.org/10.18632/oncotarget.14980
https://doi.org/10.1016/j.scienta.2018.11.010
https://doi.org/10.1093/aobpla/ply055
http://balitjestro.litbang.pertanian.go.id/pengembangan-agribisnis-jeruk-nusantara/


Aziz, I. R. et al.,   
  

  Biota: Biologi dan Pendidikan Biologi, 14(1), 1-10 8 

Karimi, M., & Raofie, F. (2019). Micronization of Vincristine Extracted from Catharanthus 
roseus by Expansion of Supercritical Fluid Solution. The Journal of Supercritical 
Fluids, 146, 172–179. https://doi.org/10.1016/j.supflu.2019.01.021 

 

Lavania, U. C. (2013). Polyploidy, Body Size, and Opportunities for Genetic Enhancement 
and Fixation Of Heterozygosity in Plants. The Nucleus, 56(1), 1–6. 
https://doi.org/10.1007/s13237-013-0075-7 

 
Li, H., Chang, Q., Bai, R., Lv, X., Cao, T., Shen, S., Liang, S., & Pang, G. (2021). Simultaneous 

determination and risk assessment of highly toxic pesticides in the market-sold 
vegetables and fruits in China: A 4-year investigational study. Ecotoxicology and 
Environmental Safety, 221, 112428. https://doi.org/10.1016/j.ecoenv.2021.112428 

Liu, Y., Heying, E., & Tanumihardjo, S. A. (2012). History, Global Distribution, and 
Nutritional Importance of Citrus Fruits. Comprehensive reviews in Food Science and 
Food safety, 11(6), 530–545. https://doi.org/10.1111/j.1541-4337.2012.00201.x 

 
Liu, R. H. (2013). Health-Promoting Components of Fruits and Vegetables in the Diet. 

Advances in Nutrition, 4(3), 384–392. https://doi.org/10.3945/an.112.003517 
 
Liu, J., Zhu, J., Tang, L., Wen, W., Lv, S., & Yu, R. (2014). Enhancement of Vindoline and 

Vinblastine Production in Suspension-Cultured Cells of Catharanthus roseus by 
Artemisinic Acid Elicitation. World Journal of Microbiology and Biotechnology, 
30(1), 175–180. https://doi.org/10.1007/s11274-013-1432-z 

Morgan, W. (2013). Growing Island Exports: High Value Crops and the Future of 
Agriculture in the Pacific. Asia and the Pacific Policy Studies (APPS), 1–10. 
https://dx.doi.org/10.2139/ssrn.2371452 

Mostafidi, M., Sanjabi, M. R., Shirkhan, F., & Zahedi, M. T. (2020). A review of recent trends 
in the development of the microbial safety of fruits and vegetables. Trends in Food 
Science and Technology, 103(July), 321–332. 
https://doi.org/10.1016/j.tifs.2020.07.009 

Moudi, M., Go, R., Yien, C. Y. S., & Nazre, M. (2013). Vinca Alkaloids. International Journal 
of Preventive Medicine, 4(11), 1231–1235. PMID: 24404355 

 
Muarifin, A., and Daryono, B. S. (2015). Karakterisasi Fenotip dan Ploidi Kacang Tanah 

(Arachis hypogaea L. ‘Talam’) Hasil Induksi Biocatharantine. [mini-thesis]. 
Yogyakarta: Faculty of Biology, Universitas Gadjah Mada. 

Nasikh, Kamaludin, M., Narmaditya, B. S., Wibowo, A., & Febrianto, I. (2021). Agricultural 
land resource allocation to develop food crop commodities: lesson from Indonesia. 
Heliyon, 7(7), 1–12. https://doi.org/10.1016/j.heliyon.2021.e07520 

PDSIP. (2015). Outlook Komoditas Pertanian Subsektor Hortikultura Jeruk. Jakarta: Pusat 
Data dan Sistem Informasi Pertanian, Sekretariat Jenderal, Kementerian Pertanian 
Republik Indonesia. p 4–53. 

https://doi.org/10.1016/j.supflu.2019.01.021
https://doi.org/10.1007/s13237-013-0075-7
https://doi.org/10.1016/j.ecoenv.2021.112428
https://doi.org/10.1111/j.1541-4337.2012.00201.x
https://doi.org/10.3945/an.112.003517
https://doi.org/10.1007/s11274-013-1432-z
https://dx.doi.org/10.2139/ssrn.2371452
https://doi.org/10.1016/j.tifs.2020.07.009
https://www.ncbi.nlm.nih.gov/pubmed/24404355
https://doi.org/10.1016/j.heliyon.2021.e07520


Polyploidy Induction of Rutaceae through Bio-catharanthine… 

Volume 14, Issue 1, June 2021 9 

 
Quan, P. M., Binh, V. N., Ngan, V. T., Trung, N. T., & Anh, N. Q. (2019). Molecular Docking 

Studies of Vinca Alkaloid Derivatives on Tubulin. Vietnam Journal of Chemistry, 
57(6), 702-706. https://doi.org/10.1002/vjch.201900087 

 

Rosmaiti, R., & Dani, J. (2015). Pengaruh Konsentrasi dan Lama Perendaman Kolkisin 
pada Benih Semangka (Citrullus lanatus (Thunb.) Matsum. et Nankai) terhadap 
Keragaan Tanaman. Jurnal Penelitian Agrosamudra, 2(2), 10–18. 

 

Rugayah, R., Karyanto, A., & Sanjaya, P. (2020). Sinergi Budidaya Buah dan Sayuran 
Berkelanjutan dalam Era Perubahan Iklim di Kelompok Tani Bina Usaha Pekon 
Giham Sukamaju Kecamatan Sekincau Lampung Barat. Jurnal Sinergi, 1(14), 95–
105. 

 
Sertel, S., Fu, Y., Zu, Y., Rebacz, B., Konkimalla, B., Plinkert, P. K., Krämer, A., Gertsch, J., & 

Efferth, T. (2011). Molecular Docking and Pharmacogenomics of Vinca Alkaloids 
and their Monomeric Precursors, Vindoline and Catharanthine. Biochemical 
pharmacology, 81(6), 723–735. https://doi.org/10.1016/j.bcp.2010.12.026 

 
Soltis, P. S., Marchant, D. B., Van de Peer, Y., & Soltis, D. E. (2015). Polyploidy and Genome 

Evolution in Plants. Current Opinion in Genetics & Development, 35, 119–125. 
https://doi.org/10.1016/j.gde.2015.11.003 

 
Subekti, S., Sudarko, S., & Sofia, S. (2015). Penguatan Kelompok Tani Melalui Optimalisasi 

dan Sinergi Lingkungan Sosial. JSEP (Journal of Social and Agricultural Economics), 
8(3), 50–56. 

 
Sugiyatno, A. (2015). Proses Invensi Menuju Inovasi Jeruk Keprok Batu 55. In Inovasi 

Hortikultura Pengungkit Peningkatan Pendapatan Rakyat. Badan Penelitian dan 
Pengembangan Pertanian. Bogor: IAARD Press. pp 91–99. 

 
Tahir, M., Kusuma, A. T., & Ekawati, E. (2018). Analysis of Lycopene and Vitamin C Levels 

of Pomelo Citrus Fruit (Citrus maxima (Burm) Merr) Red n White Varieties From 
South Sulawesi. JCPS (Journal of Current Pharmaceutical Sciences), 2(1), 125–130. 

 
Vincente, A. R., Manganaris, G. A., Ortiz, C. M., Sozzi, G. O., & Crisosto, C. H. (2014). 

Nutritional Quality of Fruits and Vegetables. In Postharvest handling. Cambridge: 
Academic Press. pp. 69–122. https://doi.org/10.1016/B978-0-12-408137-
6.00005-3 

 
Wei, N., Cronn, R., Liston, A., & Ashman, T. L. (2019). Functional Trait Divergence and Trait 

Plasticity Confer Polyploid Advantage in Heterogeneous Environments. New 
Phytologist, 221(4), 2286–2297. https://doi.org/10.1111/nph.15508 

 
 
 

https://doi.org/10.1002/vjch.201900087
https://doi.org/10.1016/j.bcp.2010.12.026
https://doi.org/10.1016/j.gde.2015.11.003
https://doi.org/10.1016/B978-0-12-408137-6.00005-3
https://doi.org/10.1016/B978-0-12-408137-6.00005-3
https://doi.org/10.1111/nph.15508


Aziz, I. R. et al.,   
  

  Biota: Biologi dan Pendidikan Biologi, 14(1), 1-10 10 

Yulianti, F., Purwito, A., Husni, A., & Dinarti, D. (2015). Induksi Tetraploid Tunas Pucuk 
Jeruk Siam Simadu (Citrus nobilis Lour) Menggunakan Kolkisin Secara In Vitro. 
Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 43(1), 66–71. 
https://doi.org/10.24831/jai.v43i1.9593 

 
Yasin, M., Saptadi, D., Kendarini, N., & Agisimanto, D. (2017). Keragaman Genetik Hasil 

Aplikasi Kolkhisin Pada Tanaman Jeruk Siam Cv. Pontianak (Citrus nobilis) Secara 
Morfologi dan Molekuler. Jurnal Produksi Tanaman, 5(11), 1835–1844. 

 

Yuniasih., and Maryani. (2011). Anatomi Akar, Batang, Daun dan Kandungan Gizi 
Tanaman Melon (Cucumis melo L.) kultivar Melodi Gama-1 Hasil Poliploidisasi 
dengan Bio-Catharantine. [Thesis]. Yogyakarta: Faculty of Biology, Universitas 
Gadjah Mada. 

 
Zhang, Y., Yang, S. H., & Guo, X. L. (2017). New insights into Vinca alkaloids resistance 

mechanism and circumvention in lung cancer. Biomedicine and Pharmacotherapy, 
96(44), 659–666. https://doi.org/10.1016/j.biopha.2017.10.041 

 

 

https://doi.org/10.24831/jai.v43i1.9593
https://doi.org/10.1016/j.biopha.2017.10.041


Similarity Report

11% Overall Similarity
Top sources found in the following databases:

7% Internet database 3% Publications database

Crossref database Crossref Posted Content database

6% Submitted Works database

TOP SOURCES

The sources with the highest number of matches within the submission. Overlapping sources will not be
displayed.

1
State Islamic University of Alauddin Makassar on 2019-09-03 4%
Submitted works

2
ir.jkuat.ac.ke 2%
Internet

3
eprints.whiterose.ac.uk 1%
Internet

4
ijoear.blogspot.com <1%
Internet

5
discovery.researcher.life <1%
Internet

6
bircu-journal.com <1%
Internet

7
biodiversitas.mipa.uns.ac.id <1%
Internet

8
repository.untirta.ac.id <1%
Internet

Sources overview

http://ir.jkuat.ac.ke/bitstream/handle/123456789/4751/Kidulile%20final%20thesis_20180903.pdf?isAllowed=y&sequence=1
http://eprints.whiterose.ac.uk/135291/7/Djeugap_et_al.pdf
https://ijoear.blogspot.com
https://discovery.researcher.life/download/article/064b07306001375ab66f002f4bdf4923/full-text
https://www.bircu-journal.com/index.php/birci
http://biodiversitas.mipa.uns.ac.id/M/M0301/M030100aaALL.pdf
http://repository.untirta.ac.id/TL/TL1/0/0/2019/TL100000120/chitosan-synthesis-and-optimization-of-root-endophytic-fungi.html


Similarity Report

9
doaj.org <1%
Internet

Sources overview

https://doaj.org/toc/2344-4576


Similarity Report

Excluded from Similarity Report

Bibliographic material Quoted material

Cited material Small Matches (Less then 10 words)

Manually excluded sources

EXCLUDED SOURCES

biota.ac.id
Internet

76%

biota.ac.id
Internet

13%

garuda.kemdikbud.go.id
Internet

13%

researchgate.net
Internet

12%

Excluded from Similarity Report

https://biota.ac.id/index.php/jb/article/download/344/95/
https://www.biota.ac.id/index.php/jb/article/view/344
https://garuda.kemdikbud.go.id/author/view/237742?jid=14173&jname=Biota&page=1
https://www.researchgate.net/publication/290483188_On_the_competitiveness_and_sustainability_of_the_Indonesian_agricultural_export_commodities

