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double space),explanation of figures and plates should be supplied/ Only the metric units should be used

in the text and figures. Complete scientific name i.e. genus, species and name of author (s), and also

cultivar whenever appropriate must be given at the first  mention. The genus may be abbreviated

followed by species in rest of the text. Chemical nomenclature should be according to the Handbook for

Chemical Society Authors. Tables should be  numbered with Arabic numerals. typed on separate sheet and

provided with appropriate titles. The data presented in tables should not be repeated in figures.

Citation of references in the text should be as Basra and Malik (1985) or (Basra and Malik, 1985)

depending upon the construction of the sentence. In case of papers by more than two authors, et al.

should be used with the name of first author.In the last, REFERENCES should be arranged  alphabetically



5/30/2020 Annals of Biology – Agri Bio Research Publishers

agribiop.com/about-us/annals-of-biology/ 4/4

(http://agribiop.com/)

wihtout serial numbers. These should be written as follows with the names of the journals abbreviated

according to the World List of Scientific Periodicals. All references cited in the text appear in the list and

vice versa.

Papers : Basra, A.S. and Malik, C.P.(1985). Non-photosynthetic fixation of carbon dioxide and possible

biological roles in higher plants. Biol.Rev.60:357-401.

Books : Ali,S. and Ripley, S.D.(1974).Handbook of the Birds of India and Pakistan. Vol. 10, Qxford Univ.

Press. Bombay.

Part of Book : Brett, J.R.(1979). Environmental factors and growth. In : Fish Phusiology (Eds. W.S.Hoar, D.

Randall and J.R. Brett), Vol. 8. Academic Press, London.pp.599-677. Thesis : Kaushal, P.S.(1987).

Ecophysiological analysis of transplanting stress effect in forest trees. Ph. D. thesis, University of Nancy,

France. The authors should prepare the manuscripts strictly according to the above instructions to avoid

unnecessary delay in publication. It is presumed that the papers submitted to Annals of Agri Bio Research

are not being simultancosuly or have not been previosly submitted to any ohter journal.

The publishers and editors assume no responsibility for the views and statements of authors in thier

papers. As part of the publication policy, the authors have to purchase at least 20 reprints at the rate of

Rs.500/= per of each side with Rs.1000/=as processing fee.

2 0 1 8  A L L  R I G H T  R E S E R V E D  -  A G R I  B I O  R E S E A R C H  P U B L I S H E R S

http://agribiop.com/


5/30/2020 Annals of Biology

https://www.scimagojr.com/journalsearch.php?q=13016&tip=sid 1/6

also developed by scimago: SCIMAGO INSTITUTIONS RANKINGS

Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us

Annals of Biology
Country India  -   SIR Ranking of India 5

H Index

Subject Area and
Category

Agricultural and Biological Sciences
Agricultural and Biological Sciences (miscellaneous)

Publisher Agri Bio Research Publishers

Publication type Journals

ISSN 09700153

Coverage 1973-1975, 1981, 1987-1997, 2003-ongoing

Scope An internatinal peer reviewed semi-annual journal, publishing original research papers and critcal mini- reviews in basic and
applied aspects of biological sciences.

Homepage

How to publish in this journal

Contact

Join the conversation about this journal

Enter Journal Title, ISSN or Publisher Name  

Free English Writing Tool
Grammarly makes sure everything you type is

effective and mistake-free. Try now

GrammarlyDOWNLOAD

Free English Writing Tool
Grammarly makes sure everything you type is effective and mistake-

free. Try now

GrammarlyDOWNLOAD

Quartiles

https://www.scimagoir.com/
https://www.scimagojr.com/
https://www.scimagojr.com/index.php
https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/viztools.php
https://www.scimagojr.com/help.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/journalrank.php?country=IN
https://www.scimagoir.com/rankings.php?country=IND
https://www.scimagojr.com/journalrank.php?area=1100
https://www.scimagojr.com/journalrank.php?category=1101
https://www.scimagojr.com/journalsearch.php?q=Agri%20Bio%20Research%20Publishers&tip=pub
http://agribiop.com/category/annals-of-biology/
http://agribiop.com/online-submission/
mailto:bajdass@gmail.com
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CG6_zDNfRXpGmKbW61Ab4lKLIAbXDhYJb8eag5f4Kh4PP478WEAEgkNnHe2DpgoCA6A2gAf_bisgDyAEBqAMBqgTQAU_QudMQAD36HZqGHJi_KOU5wsqLpUkbimKYp_krI9oT3sa-QVPS-PzBObIQqcz7wYUTmH9DcBUchej6gCKhQwbg_qJABoeggLfyIfVnZvPeYLyX0EVCCtcEgP2BDqAB5dxpesA3_NvGErPc63IuKIw-Wq45_dtAYy5IoH2elyck6rGyHk-aIBK-D7_ohlPH4rD4vl4Yb3aR5XXGu2qqkBZ1G5zbu0TkzquMnzirMHjkzOR5DO14_pMtTmmQuKBELpOSQIoWgBGSSxrE7hJevNHABJ2pjpeuAoAH3tKAQagHjs4bqAfVyRuoB5PYG6gHugaoB_DZG6gH8tkbqAemvhuoB-zVG6gH89EbqAfs1RuoB5bYG6gHwtob2AcB0ggHCIBhEAEYH7EJw3TN2qwzziyACgGYCwHICwHYEww&ae=1&num=1&cid=CAASEuRoXU5VhCEPCA_152PZBbcXTw&sig=AOD64_1uJWfF1A7Sr77z3d1mrVGOt8iUog&client=ca-pub-7636113250813806&nb=19&adurl=https://www.grammarly.com/%3Futm_source%3Dgdn%26utm_medium%3Dcpc%26utm_campaign%3DF2%26utm_phase%3Desl%26gclid%3DEAIaIQobChMIkdyUvdba6QIVNR3VCh14iggZEAEYASAAEgIQl_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CG6_zDNfRXpGmKbW61Ab4lKLIAbXDhYJb8eag5f4Kh4PP478WEAEgkNnHe2DpgoCA6A2gAf_bisgDyAEBqAMBqgTQAU_QudMQAD36HZqGHJi_KOU5wsqLpUkbimKYp_krI9oT3sa-QVPS-PzBObIQqcz7wYUTmH9DcBUchej6gCKhQwbg_qJABoeggLfyIfVnZvPeYLyX0EVCCtcEgP2BDqAB5dxpesA3_NvGErPc63IuKIw-Wq45_dtAYy5IoH2elyck6rGyHk-aIBK-D7_ohlPH4rD4vl4Yb3aR5XXGu2qqkBZ1G5zbu0TkzquMnzirMHjkzOR5DO14_pMtTmmQuKBELpOSQIoWgBGSSxrE7hJevNHABJ2pjpeuAoAH3tKAQagHjs4bqAfVyRuoB5PYG6gHugaoB_DZG6gH8tkbqAemvhuoB-zVG6gH89EbqAfs1RuoB5bYG6gHwtob2AcB0ggHCIBhEAEYH7EJw3TN2qwzziyACgGYCwHICwHYEww&ae=1&num=1&cid=CAASEuRoXU5VhCEPCA_152PZBbcXTw&sig=AOD64_1uJWfF1A7Sr77z3d1mrVGOt8iUog&client=ca-pub-7636113250813806&nb=0&adurl=https://www.grammarly.com/%3Futm_source%3Dgdn%26utm_medium%3Dcpc%26utm_campaign%3DF2%26utm_phase%3Desl%26gclid%3DEAIaIQobChMIkdyUvdba6QIVNR3VCh14iggZEAEYASAAEgIQl_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CG6_zDNfRXpGmKbW61Ab4lKLIAbXDhYJb8eag5f4Kh4PP478WEAEgkNnHe2DpgoCA6A2gAf_bisgDyAEBqAMBqgTQAU_QudMQAD36HZqGHJi_KOU5wsqLpUkbimKYp_krI9oT3sa-QVPS-PzBObIQqcz7wYUTmH9DcBUchej6gCKhQwbg_qJABoeggLfyIfVnZvPeYLyX0EVCCtcEgP2BDqAB5dxpesA3_NvGErPc63IuKIw-Wq45_dtAYy5IoH2elyck6rGyHk-aIBK-D7_ohlPH4rD4vl4Yb3aR5XXGu2qqkBZ1G5zbu0TkzquMnzirMHjkzOR5DO14_pMtTmmQuKBELpOSQIoWgBGSSxrE7hJevNHABJ2pjpeuAoAH3tKAQagHjs4bqAfVyRuoB5PYG6gHugaoB_DZG6gH8tkbqAemvhuoB-zVG6gH89EbqAfs1RuoB5bYG6gHwtob2AcB0ggHCIBhEAEYH7EJw3TN2qwzziyACgGYCwHICwHYEww&ae=1&num=1&cid=CAASEuRoXU5VhCEPCA_152PZBbcXTw&sig=AOD64_1uJWfF1A7Sr77z3d1mrVGOt8iUog&client=ca-pub-7636113250813806&nb=7&adurl=https://www.grammarly.com/%3Futm_source%3Dgdn%26utm_medium%3Dcpc%26utm_campaign%3DF2%26utm_phase%3Desl%26gclid%3DEAIaIQobChMIkdyUvdba6QIVNR3VCh14iggZEAEYASAAEgIQl_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CG6_zDNfRXpGmKbW61Ab4lKLIAbXDhYJb8eag5f4Kh4PP478WEAEgkNnHe2DpgoCA6A2gAf_bisgDyAEBqAMBqgTQAU_QudMQAD36HZqGHJi_KOU5wsqLpUkbimKYp_krI9oT3sa-QVPS-PzBObIQqcz7wYUTmH9DcBUchej6gCKhQwbg_qJABoeggLfyIfVnZvPeYLyX0EVCCtcEgP2BDqAB5dxpesA3_NvGErPc63IuKIw-Wq45_dtAYy5IoH2elyck6rGyHk-aIBK-D7_ohlPH4rD4vl4Yb3aR5XXGu2qqkBZ1G5zbu0TkzquMnzirMHjkzOR5DO14_pMtTmmQuKBELpOSQIoWgBGSSxrE7hJevNHABJ2pjpeuAoAH3tKAQagHjs4bqAfVyRuoB5PYG6gHugaoB_DZG6gH8tkbqAemvhuoB-zVG6gH89EbqAfs1RuoB5bYG6gHwtob2AcB0ggHCIBhEAEYH7EJw3TN2qwzziyACgGYCwHICwHYEww&ae=1&num=1&cid=CAASEuRoXU5VhCEPCA_152PZBbcXTw&sig=AOD64_1uJWfF1A7Sr77z3d1mrVGOt8iUog&client=ca-pub-7636113250813806&nb=1&adurl=https://www.grammarly.com/%3Futm_source%3Dgdn%26utm_medium%3Dcpc%26utm_campaign%3DF2%26utm_phase%3Desl%26gclid%3DEAIaIQobChMIkdyUvdba6QIVNR3VCh14iggZEAEYASAAEgIQl_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CG6_zDNfRXpGmKbW61Ab4lKLIAbXDhYJb8eag5f4Kh4PP478WEAEgkNnHe2DpgoCA6A2gAf_bisgDyAEBqAMBqgTQAU_QudMQAD36HZqGHJi_KOU5wsqLpUkbimKYp_krI9oT3sa-QVPS-PzBObIQqcz7wYUTmH9DcBUchej6gCKhQwbg_qJABoeggLfyIfVnZvPeYLyX0EVCCtcEgP2BDqAB5dxpesA3_NvGErPc63IuKIw-Wq45_dtAYy5IoH2elyck6rGyHk-aIBK-D7_ohlPH4rD4vl4Yb3aR5XXGu2qqkBZ1G5zbu0TkzquMnzirMHjkzOR5DO14_pMtTmmQuKBELpOSQIoWgBGSSxrE7hJevNHABJ2pjpeuAoAH3tKAQagHjs4bqAfVyRuoB5PYG6gHugaoB_DZG6gH8tkbqAemvhuoB-zVG6gH89EbqAfs1RuoB5bYG6gHwtob2AcB0ggHCIBhEAEYH7EJw3TN2qwzziyACgGYCwHICwHYEww&ae=1&num=1&cid=CAASEuRoXU5VhCEPCA_152PZBbcXTw&sig=AOD64_1uJWfF1A7Sr77z3d1mrVGOt8iUog&client=ca-pub-7636113250813806&nb=8&adurl=https://www.grammarly.com/%3Futm_source%3Dgdn%26utm_medium%3Dcpc%26utm_campaign%3DF2%26utm_phase%3Desl%26gclid%3DEAIaIQobChMIkdyUvdba6QIVNR3VCh14iggZEAEYASAAEgIQl_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CBw8WDdfRXrOfJNSKogP3m7vQA7XDhYJb8eag5f4Kh4PP478WEAEgkNnHe2DpgoCA6A2gAf_bisgDyAEBqAMBqgTRAU_Qb8I8izjNugRwRfutpg0oXblGOEuuCKbPrZk7Ht20ryBTVFbkGFG1lEIuDmyI39Knx3RZX0auczoi78fygYxwf_5e1XFz2Y6XUvgPFidO4xUIZl9LROKSkzsi6dWOufvqzYj_ALQz1xhqqSzewwIYNRw4BQj2a7a32oyEiLd_NV7rWKKz_vDCStvRgg_0itiIxOnfYle6GLIo3aNbSIgHJD5OV8jfnUXSIuZNwJmp8CPkfarwG3K50s-OPR-d6WCMgCBfsdo2OPiixwmdW4kOwASdqY6XrgKAB97SgEGoB47OG6gH1ckbqAeT2BuoB7oGqAfw2RuoB_LZG6gHpr4bqAfs1RuoB_PRG6gH7NUbqAeW2BuoB8LaG9gHAdIIBwiAYRABGB-xCcN0zdqsM84sgAoBmAsByAsB2BMM&ae=1&num=1&cid=CAASEuRoLij81z7xlb6TGu2kBGOfHA&sig=AOD64_3NVtqVrLlqVhvm4WL042zaIWngaw&client=ca-pub-7636113250813806&nb=19&adurl=https://www.grammarly.com/%3Futm_source%3Dgdn%26utm_medium%3Dcpc%26utm_campaign%3DF2%26utm_phase%3Desl%26gclid%3DEAIaIQobChMI89nMvdba6QIVVIVoCh33zQ46EAEYASAAEgKLI_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CBw8WDdfRXrOfJNSKogP3m7vQA7XDhYJb8eag5f4Kh4PP478WEAEgkNnHe2DpgoCA6A2gAf_bisgDyAEBqAMBqgTRAU_Qb8I8izjNugRwRfutpg0oXblGOEuuCKbPrZk7Ht20ryBTVFbkGFG1lEIuDmyI39Knx3RZX0auczoi78fygYxwf_5e1XFz2Y6XUvgPFidO4xUIZl9LROKSkzsi6dWOufvqzYj_ALQz1xhqqSzewwIYNRw4BQj2a7a32oyEiLd_NV7rWKKz_vDCStvRgg_0itiIxOnfYle6GLIo3aNbSIgHJD5OV8jfnUXSIuZNwJmp8CPkfarwG3K50s-OPR-d6WCMgCBfsdo2OPiixwmdW4kOwASdqY6XrgKAB97SgEGoB47OG6gH1ckbqAeT2BuoB7oGqAfw2RuoB_LZG6gHpr4bqAfs1RuoB_PRG6gH7NUbqAeW2BuoB8LaG9gHAdIIBwiAYRABGB-xCcN0zdqsM84sgAoBmAsByAsB2BMM&ae=1&num=1&cid=CAASEuRoLij81z7xlb6TGu2kBGOfHA&sig=AOD64_3NVtqVrLlqVhvm4WL042zaIWngaw&client=ca-pub-7636113250813806&nb=0&adurl=https://www.grammarly.com/%3Futm_source%3Dgdn%26utm_medium%3Dcpc%26utm_campaign%3DF2%26utm_phase%3Desl%26gclid%3DEAIaIQobChMI89nMvdba6QIVVIVoCh33zQ46EAEYASAAEgKLI_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CBw8WDdfRXrOfJNSKogP3m7vQA7XDhYJb8eag5f4Kh4PP478WEAEgkNnHe2DpgoCA6A2gAf_bisgDyAEBqAMBqgTRAU_Qb8I8izjNugRwRfutpg0oXblGOEuuCKbPrZk7Ht20ryBTVFbkGFG1lEIuDmyI39Knx3RZX0auczoi78fygYxwf_5e1XFz2Y6XUvgPFidO4xUIZl9LROKSkzsi6dWOufvqzYj_ALQz1xhqqSzewwIYNRw4BQj2a7a32oyEiLd_NV7rWKKz_vDCStvRgg_0itiIxOnfYle6GLIo3aNbSIgHJD5OV8jfnUXSIuZNwJmp8CPkfarwG3K50s-OPR-d6WCMgCBfsdo2OPiixwmdW4kOwASdqY6XrgKAB97SgEGoB47OG6gH1ckbqAeT2BuoB7oGqAfw2RuoB_LZG6gHpr4bqAfs1RuoB_PRG6gH7NUbqAeW2BuoB8LaG9gHAdIIBwiAYRABGB-xCcN0zdqsM84sgAoBmAsByAsB2BMM&ae=1&num=1&cid=CAASEuRoLij81z7xlb6TGu2kBGOfHA&sig=AOD64_3NVtqVrLlqVhvm4WL042zaIWngaw&client=ca-pub-7636113250813806&nb=7&adurl=https://www.grammarly.com/%3Futm_source%3Dgdn%26utm_medium%3Dcpc%26utm_campaign%3DF2%26utm_phase%3Desl%26gclid%3DEAIaIQobChMI89nMvdba6QIVVIVoCh33zQ46EAEYASAAEgKLI_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CBw8WDdfRXrOfJNSKogP3m7vQA7XDhYJb8eag5f4Kh4PP478WEAEgkNnHe2DpgoCA6A2gAf_bisgDyAEBqAMBqgTRAU_Qb8I8izjNugRwRfutpg0oXblGOEuuCKbPrZk7Ht20ryBTVFbkGFG1lEIuDmyI39Knx3RZX0auczoi78fygYxwf_5e1XFz2Y6XUvgPFidO4xUIZl9LROKSkzsi6dWOufvqzYj_ALQz1xhqqSzewwIYNRw4BQj2a7a32oyEiLd_NV7rWKKz_vDCStvRgg_0itiIxOnfYle6GLIo3aNbSIgHJD5OV8jfnUXSIuZNwJmp8CPkfarwG3K50s-OPR-d6WCMgCBfsdo2OPiixwmdW4kOwASdqY6XrgKAB97SgEGoB47OG6gH1ckbqAeT2BuoB7oGqAfw2RuoB_LZG6gHpr4bqAfs1RuoB_PRG6gH7NUbqAeW2BuoB8LaG9gHAdIIBwiAYRABGB-xCcN0zdqsM84sgAoBmAsByAsB2BMM&ae=1&num=1&cid=CAASEuRoLij81z7xlb6TGu2kBGOfHA&sig=AOD64_3NVtqVrLlqVhvm4WL042zaIWngaw&client=ca-pub-7636113250813806&nb=1&adurl=https://www.grammarly.com/%3Futm_source%3Dgdn%26utm_medium%3Dcpc%26utm_campaign%3DF2%26utm_phase%3Desl%26gclid%3DEAIaIQobChMI89nMvdba6QIVVIVoCh33zQ46EAEYASAAEgKLI_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CBw8WDdfRXrOfJNSKogP3m7vQA7XDhYJb8eag5f4Kh4PP478WEAEgkNnHe2DpgoCA6A2gAf_bisgDyAEBqAMBqgTRAU_Qb8I8izjNugRwRfutpg0oXblGOEuuCKbPrZk7Ht20ryBTVFbkGFG1lEIuDmyI39Knx3RZX0auczoi78fygYxwf_5e1XFz2Y6XUvgPFidO4xUIZl9LROKSkzsi6dWOufvqzYj_ALQz1xhqqSzewwIYNRw4BQj2a7a32oyEiLd_NV7rWKKz_vDCStvRgg_0itiIxOnfYle6GLIo3aNbSIgHJD5OV8jfnUXSIuZNwJmp8CPkfarwG3K50s-OPR-d6WCMgCBfsdo2OPiixwmdW4kOwASdqY6XrgKAB97SgEGoB47OG6gH1ckbqAeT2BuoB7oGqAfw2RuoB_LZG6gHpr4bqAfs1RuoB_PRG6gH7NUbqAeW2BuoB8LaG9gHAdIIBwiAYRABGB-xCcN0zdqsM84sgAoBmAsByAsB2BMM&ae=1&num=1&cid=CAASEuRoLij81z7xlb6TGu2kBGOfHA&sig=AOD64_3NVtqVrLlqVhvm4WL042zaIWngaw&client=ca-pub-7636113250813806&nb=8&adurl=https://www.grammarly.com/%3Futm_source%3Dgdn%26utm_medium%3Dcpc%26utm_campaign%3DF2%26utm_phase%3Desl%26gclid%3DEAIaIQobChMI89nMvdba6QIVVIVoCh33zQ46EAEYASAAEgKLI_D_BwE


5/30/2020 Annals of Biology

https://www.scimagojr.com/journalsearch.php?q=13016&tip=sid 2/6

The set of journals have been ranked according to their SJR and divided into four equal groups, four quartiles. Q1 (green)
comprises the quarter of the journals with the highest values, Q2 (yellow) the second highest values, Q3 (orange) the third
highest values and Q4 (red) the lowest values.

Category Year Quartile
Agricultural and Biological Sciences (miscellaneous) 1999 Q4
Agricultural and Biological Sciences (miscellaneous) 2000 Q4
Agricultural and Biological Sciences (miscellaneous) 2004 Q4

SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of
the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.
The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 1999 0.059
Cites / Doc. (4 years) 2000 0.000
Cites / Doc. (4 years) 2003 0.000
Cites / Doc. (4 years) 2004 0.018
Cites / Doc. (4 years) 2005 0.018
Cites / Doc. (4 years) 2006 0.025
Cites / Doc. (4 years) 2007 0.030
Cites / Doc. (4 years) 2008 0.022
Cites / Doc. (4 years) 2009 0.012
Cites / Doc. (4 years) 2010 0.027

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
S lf Cit 1999 0

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received
by the journal’s documents.

Cit Y V l

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
1999 0
2000 0

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value
N it bl d t 1999 0

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 1999 16
Uncited documents 2000 8
Uncited documents 2003 0
Uncited documents 2004 55

Show this widget in your own website

Just copy the code below and paste within your html code:

<a href="https://www.scimag

Agricultural and Biological Sciences (miscellaneous)

1999 2002 2005 2008 2011 2014 2017

0.09

0.18

0.27

Cites / Doc. (4 years)
Cites / Doc. (3 years)
Cites / Doc. (2 years)

1999 2002 2005 2008 2011 2014 2017

0

0.02

0.04

0.06

0.08

0.1

1999 2002 2005 2008 2011 2014 2017

0

20

40

1999 2002 2005 2008 2011 2014 2017

0

0.04

0.08

1999 2002 2005 2008 2011 2014 2017

0

9

18

1999 2002 2005 2008 2011 2014 2017

0

200

400

1999 2002 2005 2008 2011 2014 2017

0

200

400



5/30/2020 Annals of Biology

https://www.scimagojr.com/journalsearch.php?q=13016&tip=sid 3/6

Neeraj Joshi 4 months ago

Hellow

I want to enquire about the procedure for requesting a hard copy of the journal to my postal

address.

Please reply me on my mail address the procedure, so that I can share the volume details (i am

interested in), postal address and payment etc.

or share a link with all the said matter

Regards

Neeraj Joshi

reply

Avishek Sarkar 5 months ago

The indexing and Impact factors are not mentioned in the journal-home page (Annals of

Biology;Agri Bio Research Publishers). Kindly give us some information regarding the same. And is

the journal enlisted in UGC-CARE?

reply

←

N

Estefania Herran Paez 4 months ago

Dear Neeraj,

thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a

portal with scientometric indicators of journals indexed in Elsevier/Scopus. 

Unfortunately, we cannot help you with your request, we suggest you to visit the journal's

homepage or contact the journal’s editorial staff , so they could inform you more deeply.

Best Regards, 

SCImago Team

E
SCImago Team

A

Melanie Ortiz 5 months ago

Dear Avishek,

thank you for contacting us.

Sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a portal with

M
SCImago Team



5/30/2020 Annals of Biology

https://www.scimagojr.com/journalsearch.php?q=13016&tip=sid 4/6

Farshid 9 months ago

Home page refers to wrong journal. Nobody here is responsible for questions!!! why?

reply

Farshid 10 months ago

with regards, how to see full text of papers in this journal.

reply

H. Seddiek 2 months ago

Sir,

I ask about if there is availability to publish my article ?

Do you still receive articles under the current circumstances around the world regarding

Corona Virus? Or activity is currently stopped?

Are there speci�c writing formats?

What is the proposed period for approval of publication?

Arshdeep singh 2 years ago

Sir,

Let me know about the process of publication in Annals of biology.

Thank you.

scientometric indicators of journals indexed in Elsevier/Scopus. 

Unfortunately, we cannot help you with your request, we suggest you to contact the

journal’s editorial staff , so they could inform you more deeply. Best Regards, SCImago

Team

F

F

H

Melanie Ortiz 2 months ago

Dear Seddiek,

thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is

a portal with scientometric indicators of journals indexed in Elsevier/Scopus. 

Unfortunately, we cannot help you with your request, we suggest you to visit the

journal's homepage (See submission/author guidelines) or contact the journal’s

editorial staff , so they could inform you more deeply. 

Best Regards, SCImago Team

M
SCImago Team

A



5/30/2020 Annals of Biology

https://www.scimagojr.com/journalsearch.php?q=13016&tip=sid 5/6

reply

Leave a comment

Name  

Email
(will not be published)

 

Submit

The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a

speci�c journal. The purpose is to have a forum in which general doubts about the processes of publication in the

journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular

articles, maintain the dialogue through the usual channels with your editor.

Developed by:

 

Powered by:

Follow us on @ScimagoJR

Scimago Lab, Copyright 2007-2020. Data Source: Scopus®

I'm not a robot
reCAPTCHA
Privacy - Terms

Elena Corera 2 years ago

Dear Arshdeep, in the link below you will �nd the information corresponding to the

author's instructions of this journal. Best regards, SCImago Team

http://www.imedpub.com/annals-of-biological-sciences/author-guidelines.php

E
SCImago Team

http://www.scimagolab.com/
http://www.scopus.com/
https://twitter.com/ScimagoJR
http://www.scimagolab.com/
http://www.scopus.com/
https://www.google.com/intl/en/policies/privacy/
https://www.google.com/intl/en/policies/terms/


5/30/2020 Annals of Biology

https://www.scimagojr.com/journalsearch.php?q=13016&tip=sid 6/6



ANNALS  OF  BIOLOGY
Vol. 36, No. 2 (April 2020)
CONTENTS

Articles

ISSN 0970-0153
R. N. 135/AL/84-N. T. I.

NAAS RATING : 4.08

...149-153

...154-158

...159-162

...163-167

...168-172

...173-176

...177-180

...181-185

...186-189

...190-195

...196-202

The Effect of Garcinia mangostana Extract on ALT and AST Levels and Liver Structure
in Streptozotocin-induced Diabetic Mice
–Raden Joko Kuncoroningrat Susilo, Suhailah Hayaza, Arif Nur
Muhammad Ansori, Bilqis Inayatillah, Siti Istiqomah, Win Darmanto,
Dwi Winarni, Ruey-An Doong and Saikhu Akhmad Husen

Antioxidant Potency of Various Fractions of Okra Pods Extract to Ameliorate Liver
Structure and Function in Diabetic Mice
–Saikhu Akhmad Husen, Dwi Winarni, Sri Puji Astuti Wahyuningsih,
Arif Nur Muhammad Ansori, Suhailah Hayaza, Raden Joko
Kuncoroningrat Susilo, Ruey-An Doong and Win Darmanto

Consumer Preferences for a New Variety of Grapes (Vitis vinifera) Paras 61
–Lizia Zamzami, Anis Andrini and Emi Budiyati

Cytotoxic Activity and the Effect of Trisindoline 1 against the Cell Cycle of Breast
Cancer T47D Cell Line
–Awik Puji Dyah Nurhayati, Mardi Santoso and Rizqi Ardhiarini

Molecular Docking Alkaloids Compound (Trisindoline and SA2014) towards Mutated
273 Residue p53 Protein
–Awik Puji Dyah Nurhayati, Arif Fadlan and Chindy Melati Sukma

The Effect of Soaking Porang Tubers in Acid Solution on Decreasing Calcium Oxalate
Levels
–Ratih Kusuma Wardani and Prasetyo Handrianto

Effect of Cytokinins and Auxin on in vitro Seed Germination of Citrus sinensis L.
–Kristanti Indah Purwani, Wirdhatul Muslihatin, Rizki Widyaningsih,
Eka Setya N. Sakinah, Raisa A. Prameswari, Diaz R. Kurnia and Sumarni
D. Rejeki

Genetic Analysis and Molecular Phylogeny of Rice Green Leafhopper, Nephotettix
nigropictus (Stål) Based on the Mitochondrial COI DNA Gene
–B. Manurung, Ashar Hasairin and Abdul Hakim Daulae

Effect of Chemical Mutagen EMS (Ethyl Methane Sulfonate) on Growth and
Phytochemical Response of Bara Chilli Variety (Capsicum frutescens var. Bara)
–Wirdhatul Muslihatin and Andriyani

Folliculogenesis Effect of Allium sativum, Curcuma mangga and Acorus calamus Extracts
on Rats (Rattus norvegicus)
–Bayyinatul Muchtaromah, Rahmi Annisa, Alfiah Hayati and Nuril
Ainiyah El Syahas

Mycobacterium Tuberculosis Identification Based on Colour Feature Extraction Using
Expert System
–Aeri Rachmad, Nur Chamidah and Riries Rulaningtyas



MDA and GSH Levels in the Blood Plasma of STZ-induced Diabetic Rats after Snakehead
Fish (Channa striata) Extract Treatment
–Nurlita Abdulgani, Win Darmanto, Dwi Winarni, Dewi Hidayati and M.
Zainul Muttaqin

Antioxidant Potency of Okra (Abelmoschus esculentus Moench) Pods Extract Preserve
Langerhans Islet Structure and Insulin Sensitivity in Streptozotocin-induced
Diabetic Mice
–Saikhu Akhmad Husen, Muhamad Frendy Setyawan, Arif Nur
Muhammad Ansori, Suhailah Hayaza, Raden Joko Kuncoroningrat Susilo,
Mochammad Amin Alamsjah, Zulfa Nailul Ilmi, Pugar Arga Cristina
Wulandari, Pratiwi Pudjiastuti, Khalijah Awang, Dwi Winarni and Win
Darmanto

Modelling of HIV and AIDS Cases in Indonesia Using Bi-response Negative Binomial
Regression Approach Based on Local Linear Estimator
–Amin Tohari, Nur Chamidah and Fatmawati

Effects of Centella asiatica Extract on Pro-inflammatory Cytokines (TNF-α) in Severe
Early Childhood Caries and Caries Free
–Priyawan Rachmadi, Muhammad Luthfi, Aqsa Sjuhada Oki, Mieke Sylvia
Mar and Muhaimin Rifai

Expression Analysis of T Lymphocyte (CD8+) in Severe Early Childhood Caries
–Muhammad Luthfi, Priyawan Rachmadi, Aqsa Sjuhada Oki and Agung
Sosiawan

Prospect of Native Entomopathogenic Bacilli from Baluran National Park as Biological
Control of Dengue Fever Vector
–Salamun, Ni’matuzahroh, Fatimah, Vicky Findawati, Rizky Danang
Susetyo, Nadiah Al-Batati, Tri Nurhariyati and Agus Supriyanto

The Utilization of Macroalga and its Symbiont Bacteria as Cellulase Enzyme Source
in the Coastal Waters of Tanjung Tiram, South-east Sulawesi, Indonesia
–Suhariningsih, Suryani D. Astuti, Herdiani N. Kusumawati, Putri A.
Siswanto, Amalia F. Mahmud, Wulan Purnamasari and Fadli Ama

Essential Oil Characterization of Plant as Breeding Site of Aedes aegypti and Aedes
albopictus
–Fita Fitriatul Wahidah, Hamidah and Rosmanida

The Effect of Daun Wungu [Graptophyllum pictum (L.) Griff] Ethanol Extract on Testis
Histology of Male Mice Induced by Cadmium
–F. Wirapratama, L. Suhargo and A. Hayati

Imposex in Babylonia spirata (Mollusc : Gastropoda) from Tanjung Mas Port, Semarang
and Delta Wulan Waters, Demak, Indonesia
–R. A. T. Nuraini, W. Widianingsih, R. Hartati, R. T. Mahendrajaya and
A. Soegianto

Assessment of Genetic Relationship among Merremia spp. by RAPD Technique
–Hamidah, Dian Rahmawati and Arif Nur Muhammad Ansori

Histopathology of Gambusia Fish (Gambusia affinis) Gills Exposed to Cadmium in
Acute Lethal Toxicity Test
–Moh. Awaludin Adam, Ramli, Ach Khumaidi and Agoes Soegianto

...203-208

...209-214

...215-219

...220-226

...227-231

...232-237

...238-244

...245-247

...248-251

...252-257

...258-262

...263-266



Exploration of Proteolytic Bacteria from Mangrove Center Tuban Soil
–Fatimah, Zahrotul Jannah, Fatichatus Suroiyah, Azzah, Salamun, Tri
Nurhariyati and Tini Surtiningsih

Correlation between Hearing Threshold of 4000 Hz and HSP 70 Serum Level Post
Gunshot Exposure among East Java Police School Students
–Kihastanto, Nyilo Purnami and Diar Mia Ardani

Noise Impact to Hearing Disorder at Vocational School Students Using Machinery in
Indonesia
–Indra Zachreini, Jenny Bashiruddin, Damayanti Soetjipto and Nyilo
Purnami

The Effect of Monoaural Beats Music Treatment as Alternative Therapy to Increase
the Learning Concentration in Down-Syndrome Students
–Mohamad Amin, Intan Ayu Idha Wulandari, Laila Nur Alfiah, Suryadi,
Dina Maulina, Rena Latifa, Ihya Fakhrurizal Amin, Kodama Yayoi, Yayuk
Prihatnawati and Indriyani Rachman

Transmission of White Syndrome Disease on Foliose Coral (Echinopora sp. and
Montipora sp.) in Pulau Sempu Nature Reserve Water, Malang Regency
–Oktiyas Muzaky Luthfi, Firly Yulianto, Muliawati Handayani and Agoes
Soegianto

Synthesis and Mechanical Characterization of Composites Hydrogel Membrane
Alginate-Collagen Fibrils of Sea Cucumber as Potential Candidate Wound
Dressing
–Dyah Hikmawati, Prihartini Widiyanti, Sri Sumarsih and Muhammad
Hafidh Kusyustyo

Callus Induction and its Metabolite Profiles of Sonchus arvensis L. under Temperature
Treatment
–Dwi Kusuma Wahyuni, Sri Lestari, Eko Prasetyo Kuncoro and Hery
Purnobasuki

Population Dynamics and Sustainable Potential of Longtail Tuna (Thunnus tonggol
Bleeker, 1851) Landed in Pekalongan Fishing Port, Indonesia
–R. Fitriani, R. Hartati, S. Sunaryo, I. Irwani, R. Ario and A. Soegianto

Organic Matter, Chlorophyll and Grain Size Features of the Sediment in the Culture
Sea Pens of Holothuria atra (Holothuroidea, Echinodermata)
–Retno Hartati, Muhammad Zainuri, Ambariyanto Ambariyanto,
Widianingsih Widianingsih, Edy Supriyo and Agoes Soegianto

Increase in Mangrove Area on the North Coast of Central Java Analyzed Using
Geospatial Based Approach
–Bambang Yulianto, Prayogi, Lilik Harnadi, Sunaryo, Adi Santosa, Ria
Azizah Tri Nuraini, Ocky Karna Radjasa and Agoes Soegianto

Optimation of Callus Induction from Piper betle L. var. Nigra Explants with Various
Concentrations of Coconut Water and Addition of 2,4-D and BAP
–Junairiah, Ely Tri Wijayanti, Yosephine Sri Wulan Manuhara,
Ni’matuzahroh and Lilis Sulistyorini

Bioactive Compounds Profile and Antimicrobe Activities of N-hexane and Ethyl Acetate
Extracts of Piper retrofractum Fruit
–Junairiah, Nuke Dwi Irmayanti, Tri Nurhariyati and Ni’matuzahroh

...267-271

...272-275

...276-280

...281-287

...288-292

...293-298

...299-303

...304-310

...311-316

...317-323

...324-328

...329-332



Levels of Reactive Oxygen Species (ROS) and Antioxidants in Limnodrilus hoffmeisteri
Worms Exposed to Mercury
–Irawati Mei Widiastuti, Achmad Rizal and Agoes Soegianto

In Vitro Test of Antituberculosis Streptomycin Loaded in Injectable Bone Substitute
–Inten Firdhausi Wardhani, Dyah Hikmawati, Aminatun, Rofi Mega Rizki
Samudra and Katherine

Plant Gene Expression Dynamics of Tobacco (Nicotiana tabacum) Tolerant at
Waterlogged in the Periodic Stress
–Hery Purnobasuki, Tutik Nurhidayati, Sucipto Hariyanto and Nurul
Jadid

Increasing Plant Tolerance Grown on Saline Soil : The Role of Tripartite Symbiosis
–Yuni Sri Rahayu, Yuliani and Intan Ayu Pratiwi

The Role of Pore Size of Scaffold of Hydroxyapatite-Collagen Composite Made from
Coral on Osteoblast Cell Differentiation
–Siswanto, Umi Kulsum, Retna Apsari and Aminatun

...333-336

...337-341

...342-345

...346-353

...354-357



Annals of Biology 36 (2) : 324-328, 2020

Optimation of Callus Induction from Piper betle L. var. Nigra Explants
with Various Concentrations of Coconut Water and Addition of 2,4-D
and BAP
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ABSTRACT

Black betle [Piper betle (L.) var. Nigra] is one of the endemic species from Indonesia that has potential as
medical plant because this plant can produce secondary metabolites such as alkaloids, flavonoids, tannins,
steroids, terpenoids and saponins. Secondary metabolites are isolated from callus culture with proper
medium formulation to get optimal result. This study aimed at knowing the influence of variations in the
concentration of coconut water and combination of 0.5 mg/l 2,4-D and 2.0 mg/l BAP towards induction of
callus from P. betle L. var. Nigra’s leaf explants. The experiment consisted of five treatments which were
repeated for six times. Observation was performed for eight weeks in parameters including percentage of
callus formed from explants, callus induction time, callus fresh weight, dry weight and morphological
features (texture and colour). Results showed that various concentrations of coconut water combined with
addition of 0.5 mg/l 2,4 D and 2.0 mg/l BAP had effects on callus from Piper betle L. var. Nigra leaf
explants. The best combination for callus induction from P. betle L. var. Nigra’s leaf explants was addition
of 0.5 mg/L 2,4 D and 2.0 mg/l BAP combined with 5% coconut water, which resulted in the highest dry
weight at 0.09 g and fastest induction time at 13.17 days. Callus of P. betle L. var. Nigra had compact
texture in all treatments and dominant colour was brownish yellow but callus in eighth week mostly
turned to black colour.

Key words : Callus, Piper betle L. var. Nigra, coconut

1Faculty of Public Health, Universitas Airlangga, Surabaya, Indonesia.

INTRODUCTION

One of the plants known to have medicinal
advantages is black betel (Piper betle L. var.
Nigra). Betel plant has long been used by local
community to do menginang (chewing betel),
which is done not only by Indonesian, but also
by people in India, Pakistan and South Africa
(Jaiswal et al., 2014). Black betel is reported to
contain secondary metabolites such as
alkaloids, flavonoids, saponins, terpenoids and
steroids which have potential as antibacteria,
antifungi, anti-diabetes, anti-ulcer, anti-
platelet, anti-fertility, anti-tumor, anti-mutagen
and anti-helminth (Jaiswal et al., 2014;
Junairiah et al., 2018). Black betel leaves
extracted using n-hexane, ethyl acetate and
methanol solvent also reported having
biological activity as antifungal and
antibacterial agent against Candida albicans
ATCC 10232, Staphylococcus aureus ATCC
25923, and Escherichia coli ATCC 25922
(Junairiah et al., 2017).

In order to fulfil demand of highly potential
medicinal plants, such as black betel which
has high potential, conventional method is
generally not enough due to the long time and
large area it needs in addition to weather-
dependent. Up until now, secondary
metabolites are obtained from direct extraction
from plant organs. This method needs fresh
ingredients in large scale and costly extraction,
isolation and purification process (Jones and
Kinghorn, 2012). Thus, alternative method to
obtain secondary metabolites more efficiently
in large scale with good quality is needed. This
is the reason why tissue culture is chosen to
perform propagation of medicinal plants.
Growth regulators are one of the important
factors in determining the success of plant
tissue culture. There are two types of growth
regulators commonly used in tissue culture;
auxin and cytokinin (Rademacher, 2015). 2,4-
D is one of the synthetic auxins able to promote
callus growth from explants. BAP has the same
basic structure as kinetin, but it is more



effective due to benzyl groups. In addition, most
plants have better response towards BAP
compared to other types of cytokinin, because
BAP has stronger and more stable activity,
thus, it is more effective for in vitro shoot
production (Rademacher, 2015).
Based on Baque et al. (2011), coconut water is
a complex organic material containing sugar,
vitamins, minerals, amino acids and
phytohormones. Hormone with most significant
level in coconut water is cytokinin (Kokilavani
et al., 2017). Lima et al. (2015) identified
cytokinin types contained in coconut water as
trans-zeatin, zeatin glucoside and zeatin
riboside. Kokilavani et al. (2017) reported that
coconut water also contained diphenil urea
which had activity like cytokinin. The levels of
coconut water recommended to be added into
medium were 15% (Saraswat and Kumar,
2019). Lima et al. (2015) mentioned that 10-
15% coconut water supplementation resulted
in the best callus of spinach plant. The addition
of coconut water in tissue culture at overly high
concentration caused lowered growth and
induced abnormal culture morphology of orchid
callus (Baque et al., 2011).
Study on Piperaceae had been extensively
performed, mainly in black betel. Previous
study was conducted to induce black betel
callus with various combinations of growth
regulators; 2,4-D and BAP, IAA and kinetin,
IAA and BAP, IBA and BAP, and IBA and
kinetin. From the five combinations, the best
callus induction was found from 0.5 mg/l 2,4-
D and 2.0 mg/l BAP, indicated by highest fresh
and dry weight. This study continued the
previous study to optimize callus formation
with combination of growth regulators 0.5 mg/
l 2,4-D and 2.0 mg/l BAP and coconut water,
which expected to be able to induce callus at
higher quality and quantity.

MATERIALS  AND  METHODS

Murashige and Skoog (MS) medium for culture
was prepared at 1000 ml, by dissolving
macronutrient chemicals (1650 mg NH4NO3;
1900 mg KNO3; 440 mg CaCl2.2H2O; 370 mg
MgSO4.7H2O; 170 mg KH2PO4) one by one into
500 ml distilled water. After all macronutrients
dissolved, 5 ml iron, 1 ml micronutrient and 4
ml vitamin of stock solutions were added. Then,
100 mg myoinositol and 30 g sucrose were
mixed into medium before coconut water and

growth regulators (2,4-D and BAP) were added
in concentration previously determined. Acidity
was measured using pH paper and medium pH
was adjusted to range of 5.6-5.8 using either
KOH 1 N or HCl 1 N. Lastly, distilled water was
added until medium volume was 1000 ml.
After all chemicals were mixed in, 8 g agar was
added into medium and dissolved in heated
medium. Medium was filled into culture bottle
at±10 ml/bottle. Culture bottle was covered
with alumunium foil and labelled accordingly.
Bottle with solidified medium was then
sterilized using autoclave at 121°C for 15 min,
1.2 atm before being stored in incubation room.
Black betel leaf was washed using detergent,
then rinsed with flowing water for three
instances before sterilized in LAF. Leaf surface
was sterilized by soaking leaves in 10% chlorox
while shaken for 7 min. Leaves were rinsed with
sterile distilled water three times. Explants were
put in petri dish layered with sterile filter paper.
Leaves were cut in 1 cm2 pieces to be planted
on MS medium in culture bottles. Every bottle
was filled with three explants, labelled, covered
tightly, and stored in incubation room at 25 °C
under 20-watt continuous neon lighting.

RESULTS  AND  DISCUSSION

This study was performed to determine the
effect of various combinations of coconut water
and growth regulators 2,4-D and BAP in callus
induction time, callus wet weight, dry weight
and morphology of black betel leaf callus. In
various combination, response of black betel
callus was found to be different. Observation
in the current study was performed for eight
weeks of explant culture period.
Treatment of black betel leaf explants in MS
medium with addition of 5% coconut water
combined with 0.5 mg/l 2,4-D and 2.0 mg/l
BAP was able to induce fastest callus growth
compared to other treatment at average time
of 13.16 days (Table 1), while on previous study
(Junairiah et al., 2018) black betel leaf explants
on MS medium with combination of 0.5 mg/l
2,4-D and 2.0 mg/l BAP was able to induce
callus in 17.75 days. There was difference of
black betel leaf callus induction time on MS
medium with combination of 0.5 mg/l 2,4-D
and 2.0 mg/l BAP with and without coconut
water addition.
Culture of black betel explants in MS medium
with addition of coconut water and growth
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regulators 0.5 mg/l 2,4-D and 2.0 mg/l BAP
were able to grow callus faster compared to
without additional coconut water. This was
probably due to diphenyl urea content in
coconut water, which had cytokinin-like activity
to induce cell division in tissue culture. In
addition, coconut water contained various
vitamins, such as thiamins and pyridoxins,
which were used as synthetic vitamin
substances in MS medium beside
macronutrients, such as N, P and K.
Micronutrients in coconut water possibly
developed further as micro- and macronutrient
substances and carbon sources, specifically
sucrose.
In addition to cytokinin source, the addition of
coconut water also increased nutrient
availability in medium, in line with Buah and
Agu-Asare (2014) that additional coconut water
to medium meant to raise medium nutrient,
consisted of complex organic materials and
growth regulators. In the current study, all
combinations were able to induce 100% of
callus growth from explants planted. The
shortest callus induction time was in line with
Khan et al. (2015), who explained that 1.5 mg/
l 2,4-D and 10% coconut water combination
was able to induce callus of green grape (Vitis
vinifera L.).
Fresh and dry weight callus was recorded at
the end of observation period (eight weeks).
Only explants growing callus was weighted,
thus explants were cleaned and weighed.

Combination of 10% coconut water combined
with 0.5 mg/l 2,4-D and 2.0 mg/l BAP
produced the highest fresh weight at
1.048±0.098 g (Table 2).
Based on Shekhawat and Manokari (2016),
recommended concentration of coconut water
to be added to culture medium was at 10-15%
per litre. In the current study, shortest
induction time was found from additional 5%
coconut water combined with 0.5 mg/l 2,4-D
and 2.0 mg/l BAP, while the highest fresh
weight was produced from addition of 10%
coconut water combined with the same levels
of growth regulators. In contrast, higher
concentration of coconut water lowered fresh
and dry weight and increased callus induction
time. This showed that the most optimal levels
of coconut water addition were at 5-10%. Other
study reported that 1.5 mg/l 2,4-D and 10%
coconut water combination was able to produce
green grape (Vitis vinifera L.) callus with highest
fresh and dry weight (Khan et al., 2015).
Combination of 3 mg/l 2,4-D and 10% coconut
water was also found to be able to induce
spinach callus with highest fresh and dry
weight.
Results showed that all combination grew
compact callus (Table 3). Compact texture of
callus was the effect of cytokinin and auxin
addition, which affected water potential. This
promoted water absorption from medium to
cells, resulting in rigid texture. Callus induced
with cytokinin addition had compact texture

Table 1. Callus induction time and percentage of black betel leaf explant growing callus on MS medium with additional
various concentrations of coconut water (CW) and growth regulators 2,4-D and BAP (D0.5B2)

Combination of coconut water Callus induction time Percentage of explant
and 2,4-D and BAP (mg/l) (days) growing callus

CW0+D0.5B2 14.5±0.836ab 100
CW5+D0.5B2 13.17±0.4068a 100
CW10+D0.5B2 14±0ab 100
CW15+D0.5B2 14.17±0.408ab 100
CW20+D0.5B2 15.67±0.516b 100

Different superscripts indicate significant difference based on Mann Whitney test (α=0.05).

Table 2. Fresh and dry weight of black betel leaf callus after eight weeks culture period

Combination of coconut water Callus fresh weight Callus dry weight
and growth regulators (mg/l) (g) (g)

CW0+D0.5B2 0.8335±0.0563a 0.0647±0.0099a

CW5+D0.5B2 0.9297±0.0483b 0.0924±0.0055c

CW10+D0.5B2 1.0488±0.0989c 0.083±0.0167bc

CW15+D0.5B2 0.7601±0.0303a 0.0687±0.0093ab

CW20+D0.5B2 0.8652±0.0339bc 0.0740±0.0046c

Different superscripts indicate statistical difference based on Duncan test (α=0.05).
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compared to without cytokinin (Khan et al.,
2015), thus supplementation of coconut water,
which contained growth regulators zeatin and
ribozeatin and diphenyl urea that had
cytokinin-like activity, supported formation of
callus texture. Callus with compact texture was
preferable in producing secondary metabolites
(Joanne et al., 2014).
Callus texture was one of the parameters used
in evaluating callus quality. Difference of callus
morphology was hypothesized due to different
tissue ability in absorbing nutrients and growth
regulators from culture medium. This was in
line with Saraswat et al. (2019), who elaborated
that callus type varied from compact to
crumbly, depending on plant species, nutrient
composition in medium, growth regulators and
culture environment.
Results showed that changes occurred to colour
of black betel leaf explants. Initial colour of
white turned to yellowish white, to greenish
white up to yellowish green. Main colour
produced during callus formation was white
and green, young callus was coloured white,
then colour turned to green, yellow and brown
along with callus aging (Kumar et al., 2015).

In addition, different callus morphology of color
was thought to be caused by varying ability of
tissue in absorbing nutrients and growth
regulators contained in medium.
Change of callus colour into brownish in black
betel explants occurred in seventh to eighth
week. Explants were browned, then further
blackened. Different from current study,
Virginia pine callus was browned starting from
third until fourth week of culture period (Tang
and Newton, 2013). Browning occurred as
natural progression and adaptive change of
plant organs due to physical aspects, such as
peeling or cutting. Browning indicated
physiological senescence of explants (Jones and
Saxena, 2013).
In the other study, 1.5 mg/l 2,4-D and 10%
coconut water produced compact-textured
callus coloured brownish green of green grape
(Vitis vinifera L.). Other study suggested that
alfalfa (Medicago sativa L.) cultured with
supplementation of 3 mg/l 2,4-D and 10%
coconut water grew compact callus with
brownish yellow colour. The application of
auxin induced chlorophyll synthesis in callus.
Brown callus indicated senescence of cells, as

Table 3. Morphology of black betel (Piper betle L. var. Nigra) leaf callus with various combinations of coconut water and
growth regulators 2,4-D and BAP

Combination of coconut Figure Callus morphology
water and 2,4-D and
BAP (D0.5B2) (mg/l)

CW0+D0.5B2 Callus colour blackened, compact-textured.
Callus covered all explant surface.

CW5+D0.5B2 Callus colour blackened, compact-texture.
Callus covered all explant surface.

CW10+D0.5B2 Callus colour blackened, partially brownish green,
compact- textured. Callus covered all explant surface.

CW15+D0.5B2 Callus colour blackened, partially brownish green,
compact-textured. Callus covered all explant surface.

CW20+D0.5B2 Callus colour blackened, partially brownish white,
compact-textured. Callus covered all explant surface.
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found in the current study, in which addition
of coconut water produced callus with yellowish
or brownish green colour.

CONCLUSION

Based on the study conducted, 5% coconut
water combined with 0.5 mg/l 2,4-D and 2.0
mg/l BAP could shorten callus induction time
and produced highest fresh and dry weight, in
addition to form compacted callus. Further
study can explore secondary metabolites
contained in black betel callus grown in coconut
water-supplemented medium.
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