Journal of o glcal Diversity

' nlu o 2.3 : 10 - October 2021
pt / ’ \Q'
’ #
o i s \\




Front cover: Epinephelus fuscoguttatus (Forsskal, 1775)
{PHOTO: MOOSA MOHAMED])

Published maonthly

PRINTED IN INDOMESIA

12

5K 1412-031% E-IEEN:

: HEHTE
9 \4\2‘033& 'B‘I 2 ‘|4 2



BIODIVERSITAS

Jourmal of Biological Diversity
Voleme 2 - Nomber 10 - Detober 200121

ISSN/E-ISSN:
1412033 (printed edition), 20854722 [electronic)

EMTORIAL BOARD:

Abdel Fattah N.A. Rabou (Palestine), Agnieszha B. Najda ( Poland). Ajay Kumar Gawtam | India, Alan J. Lymbery { Australia),
Annisa | Indonesia). Bambang H. Saharjo { Indoncsia), Daiane H. Nunes ( Brazl ), Darlina Md. Naim (Malaysia),
Ghulam Hassan Dar (India), Hassan Pourbabael (Iran). Joko R. Witono | Indonesia), Kartika Dewi | Indonesia),

Katsuhiko Kondo | Japan), Kusumadewi Sri Yulita (Indonesia), Livia Wanntorp { Sweden), M. Jayakara Bhandary ( India),

Mahdi Revahi-Khoram | [ran), Mahendra K. Rai {India). Mahesh K. Adhikari { Ncpal . Maria Panitsa ( Greeee),

Mochamad A, Soendjote (Indonesia), Mohamed MM, Najim | Snlanka), Mohib Shah (Pakistan), Nurhasanah (Indonesia),
Praptiwi {Indonesia), Rasool B, Tareen | Pakistan), Seved Aliakbar Hedavati ( Iran), Seved Mehdi Talebi (Iran), Shahabuddin | Indonesia),
Shahir Shamsir (Malaysia), Shri Kant Tripathi | India), Subhash C. Sanira (India), Sugeng Budiharta { Indonesia). Sugiyarto {Indoncsia),

Taufig Purna Nugraha [Indonesia), Yosep 5 Mau | Indoresia)

EDTOR-IN-CHIEF:
Swtarno

EDITORIAL MEMBERS:
English Editors: Graham Ezgleton ( grehameagletonia gmail com), Suranto (surantounsia gmail com); Technical Editor: Solichatun
{ solichatun_siayahoo.com). Artini Pangastuti | pangasiuli_tutatizyahoeo.co.ad ), Distribution & Marketing: Rita Rakhmawati
{oktialg vahoo.com); We er: Ari Pitoye (anpitoyoiz yahoo.com)

MANAGING EDTORS:
Ahmad Dwi Setyawan |unsjournalsia gmail com)

. PUBLISHER:
The Socicty for Indonesian Biodiversity

CiO-FUBLISHER:
Department of Biology, Faculty of Mathematics and Natural Sciences, Schelas Maret University, Surakarta

ADDRESS:
I Ir. Sutami 364 Surakarta 57126, Tel. +62-271-7904007, Tel & Fax.: +62-271-663375, email: editorsasmujo.ad

ONLINE:
biodiversitas. mipa.uns. ac.id; smujood todiv

(R R R R L R R R R RN R R R R E R R R Y

s | Society for Indonesia Sebelas Maret University
Biodiversity {sh §} Surakarta

Publizhed by Smujo Intemational for The Society for Indonesian Biodiversity and Sebelas Maret University Surskanta




GUIDANCE FOR AUTHORS

Aims amd Sceope Siodiversitar Jowrmal of Sislogios! Diversite or
Bindiversitas encourages submission of mamzcripis dealing with all aspecis of
beodiversity inchuding planis, animals and microbes ai the level of the gene.
gpecies. and ecosystem. Ethnobiology papers are als considersd.

Artiche types The journal secks original fisll-length (1) Research papers,
(2] Reviews, and (3) Short communications. Onginal research mamscripis
are limited 1o B.000 wards (including tables and picture), or proportional with
articles im this publication mumber. Review articles are also limited to 8,000
words, while Shom communications should be less than 2000 words, eocept
for pre-swudy.

Submission The ]l:ll'lll.] -:lllr mreeps un].lne submission. through open
joumal £ | hetpas:s | ar email o the
editors al unsjournalsia g maiLcom. Submiticd manusoripis should be the
original works of the authon/s). Please ensure that the manuscript is submitted
using the Fiodiversitass  template, which can be  found ar
(hatps:/ hindiversias. mips uns s id Pt must
be accompanied by a cover letter containing the article title. the first name and
lasi name of all the authors, a paragraph describing the claimed novelty of the
findings versus cumrent knowledge. Please also prowide a list of five potential
reviewers in your cover letier. Submission of a manuscript emplies that the
submitiad work has not been published before (except as pant of a thesis or
repart, or abstiracty; and is not being considered for publication elsewhere.
When a manuscript written by a group, all authars should read and approve the
final version of the submittied manuscript and s revision: and agree the
submission of manuscripts for this joumal. All awthors should have made
subsianial conirdaiions to the concept and design of ithe research. acquisition
of the dat and il= analysis; drafting of the manuscript and correcting of the
revisian. All suthors must be responshble for the quality. sccurscy, and ethics
of the work.

Ethics Awmhor|s) must ohedien to the law and'or ethics i reating the
object of research and pay atiention io the legaliy of material sources and
intellectual property nighis.

Copyright IT the mamsonp is accepted for publication, the: authons) sall
holdd the copyright and retain publishing rights without restrictions. Authors
are allowed iv reproduce articles as long as they are not used for commercial
purposes. For the new mvention, suthors are suggested (o manage its patent
befiore published.

kpen secess The joumal i committed w0 free-open access that does not
charge readers or thew msiiuiions for access. Readers are entitled io read,
download, copy, distribute, prim, search, or link to the full texts of anicles, &=
long & not for commencal purposes. The license type is OC-BY-NC-5A

Acceptance OUnly anicles wotien in US. English are accepied for
publication. Mamusoripis will be reviewed by editors and imvited reviewers
(double Blind review) acoording to thar disaplines. Authors will genenlly be
notified of accepance, rejection, or need for revision within | © 2 months of
receipt. Manuscripts will be rejecied if the conient does not in line with the
Jjoumal scope, dne:nn-l muiﬂ:ed.lm‘hrd quality. is in an inappropriate format,
coniains  com dishomesty {i.e. plagian=m, duplicae
publications, fabrication nl' :h.h.. cilations manipulation, eic.). or kgnoring
comespondence in three months. The primary criteria for publication are
scientific quality and biclogical significance. Uncorrecied proofs will be sent
i the corresponding author by email as doc or .doex files for checking and
comecting of typographical errors. To avoid delay in publication. cormected
proods should be retwrned in 7 days. The accepied papers will be published
online m a chronological order at any time, but prinied in Jamary, Apeil, July
and Oglober.

A charpe Starting on January 1, 2017, publishing costs waiver is g:mm::l
i fioresgn | non-Indonesian) suthors who first publish the manwsonpt in this
joumal, especially for gradwte siudenis from developing countries. However,
other authors are charged USI) 250 (IR 3,500,000

Reprimts The sample joumal reprint i only available by special request.
Additiomal copies may be purchased when ordering by sending back the
uncorrected proofs by emmil. Manusoript prepamtion Mamusonpt is typed on
A4 (210x29T7 mny ) paper size, in a single column. single space, 10-poimt (10
pt) Times New Roman fon. The margin text is 3 cm from the top, 2 cm from
the: bottom, and 1.8 cm from the lefi and right. Smaller lettering sime can be
applied in presenting fable and figure (9 pi). Word processing program ar
additional sofiware cn be used, however. it must be PC compatible. use the
Hisdiversitas template, and Miorosoft Word based (.doc or nf not docxp
Scientific names of species (incl. subspecies. variety. etc.) should be written
n italics, excepd in ialicised seniences. Scientific mames (Genus, species,
author). and cultivar or smin should be mentioned completely for the first
tme mentioning it in the body text. especially for mxonomic manuscripts. The
CGenus mame can be shoriened afier first mentbon, excepi where this may
genemate confuson. Mame of the suihor can be eliminated afier first
mentioning. For example. Rhizopur orzee L UICC 524, hereinafier can be
written as K anzoe UIOC 524, Using trivial names should be avoided.
Biochemical and chemical momenclutare should follow the order of the
IUPAC - IUB. For DNA sequence. it is betier used Courier New foni
Standard chemical abbreviations can be applied for common and dear used.
for example. completely writien butilic hydroxyl ioduene (BHT) w0 be BHT
heremafier. Metric messuremsents should use 15 denomanations, and other
system should wse equivalent valies with the denomimation of 15 mentioned
first Abbreviations like g mg. mL, etic. should not be followsd by a dot

Minus index (m-Z, L-1, h-1) suggested 1o be used, exoept i things like "per-
plami” or "per-plot”. Mathematical equations cn be writken down in one
cofumn with iext. i that mse @n be wrilien separately. Nambers one io izn
are witien i words, except if it relates o measurement. while values above
them written in mumber. except in early semence. The fraction should be
expressed in decimal. In the text, it should be used *%." mther than "perceni”.
Avoid expressing ideas with complicated sentence and verbizge. and used
efficient and effective semence.

The Tide of the anicle should be writtem in compact, clear, and
informalive senience. preferably not more than 20 words. Awthor nameds)
should be completely writben. Name and institution address should als» be
completely written with street name and number (location). postal code,
telephone number. facsimile number, and email address. Manusmipis wmtien
by a group, author for correspondence along with address = required. First
page of the manuscript is used for writing above information.

The Abstract should not be mare than 200 words. Inchade between five
and eight Keywords, using both scientific and bol mames (if any). research
themes. and special methods which wsed and soried from A 1w £ Al
importand abbreviations must be defined at their first mention. Running tile
is about five words. The Imtredection is sbout J00-600 words, covering the
tackground and aims of the research. Msterinks and Methads should
emphasize om the procedures and data analysis. Results and Discussion
should be written as a series of connecting sentences, however, fior manuscript
with long discussion should be divided into subtitles. Tharough discussion
represents the cawsal effect mainky explains for why and how the resulis of the
mesearch were laken place. and do not only re-express the mentioned results in
the form of seniences. A Cosduosion should be given at the end of the
discuszion. Ac i3 are expressed in brief. all sources of
institutional. private and corporate financial support fior the work must be folly
acknowledged, and any potential conflicts of interest must be noded.

Fipures and Tahles of three pages maximum should be clearly presenied.
Inchude a label below each figure. and a label above sach mble (see example).
Colored figures can only be accepted if the information in the manuscript can
lose without those mmages; chanl is prefemed o uze black and white images.
Author could consign any picture or photo for the fromt cover, although it does
mol print in the manuscript. All images property of others should be mentioned
source. There is no Appendiz. all dama or data analysis are incorporated into
Results and Discussions. For broad data, supplememary mformation can be
provided on the website.

Referemces In the text give the author mames followed by the year of
publication and amrange fom cddest to newest and from A to £ In citing an
article writien by two authors, both of them should be meniioned, however, for
three and more authors only the first author is mentioned followed by et al., for
example: Saharje and Nurhayvati (2006) or (Boonkerd 2003z, b, <z Sugivano
0 El-Bana and MNigs 2005; Halapasdde et al. 2008; Webb et al. 2008). Extent
citation as shown with word "cit™ should be avoided. Reference to unpuhlished
daia and personal commumication should not appear in the lisi but should be
cited in the fext omly (eg. Rifmi MA 2007, pers. com. (personal
commumication): Setyawan AL} 2007, unpublished datal In the reference list,
the references should be lisied in an alphabetical order. Mames of journals
should be abbreviaied. Always use the standamd abbrevistion of a journal's
mame according ic the ISSN List of Title Word Abbrevisions
(www issn.org2- IZ661LTW A-ooline phph. Please mclude D0 links for
journal papers. The following examples are for guidance.

Journal:

Saharjo BH, Nurhawati AD. 2006. Domination and compositon siruciure
change s hemic peat natural regeneration following burning: a case sudy in

Pelalawan, Riou  Province.  Hiodiversias  T: 154-1568. DL
1013057 beodiv'dd 70213
Book:

Rai ME, Carpinella C. 206 Naturally Oorurring Bicactive Compounds.
Elsevier, Amstendam.

Chapter im boolk:

Webb €0, Cannon CH. Davies 5J. 200B. Ecological organization,
biogeography. and the phylogenetic structure of minforest tree commumities.
Inc Carson W, Schnitrer § (eds) Tropical Forest Commumity Ecology. Wiley-
Blackwell. New York.

Abstract

imad AM. 2007, Sead production and dispersal of Rharya siricta. 5ith
sium of the International Associmtion for Vegelation Science,
Sm.ruzl, L|BZ., 2327 July BWIT.

.-*.Iiknd.‘a ;_f& 2000. Biodiversity for development of loml aulonomows
governmenl. Inc Setyawan AlD, Sutamo {eds) Toward Mount Lawu National
Park; Proceeding of Naional Seminary and Workshop on Bodiversity
Conservation to Proweo and Save in Java lsland Universilas
Sebelas Maret, Surakarta, 17-20 July 2008, | Inclonesian]

Thesis, Disscrtation:

Sugnvarta. 2004, Sail Maoo-inveriebrates Diversity and InierACropping
Manis Producimvity in Agroforesiry Sysiem based on Sengon. [[Miseratson].
Universitas Bawijaya, Malang. [Indonesian]

Information from internet: Balagadde FE, Song H. Ozki J, Callins CH,
Bamet M, Arnold FH. Cuake SR, You L. 2008, A synthetic Escherichia cali

redutor-prey ecosysiem. Mol Sy=t Biol 4:187. weww. molecularsystembiclogy. com




IS5M: 1412-033K
E-I55N: 20854722

BIODIVERSITAS

Juurnnl of Eluln It;ll Dlvarslt
ulurll!i-llurlbir = Qotobar

Phenotype and genotype variability of interspesific rice lines related to bacterial leaf
blight resistance (Xanthomonas oryzae pv. oryzae) character

SITI YURIYAH, DEDY DARMAEDI, TATANG MITRA SETIA, GUT WINDARSIH,

DOWIMITA WIKARN UTAMI

Agarwood formation in Aguilaria beccariana and Aguilaria microcarpa in response to
inoculation of newly isolated fungi from Brunei Darussalam

YUMMI HAZ IGAH MOHAMMAD, POOJA SHIVANAND, FAIZAH METALI, HUSSEIN TAHA,
MUR BAZILAH AFIFAH MATUSSIN, ABDUL MUIZZ AL-AZIM ABDUL-HALIM, ABDUL
ZULADLY MOHAIMIM

Crab diversity as support for ecotourism activities in Pejarakan Mangrowve Forest,
Buleleng, Bali, Indonesia
| KETUT GINANTRA. | KETUT MUKSIN, MARTIN JOMI

Crustacean and mollusk species diversity and abundance in the mangrove
communities of Mimika District, Papua, Indonesia

GESANG SETYADI, DWI LISTYDO RAHAYU, RUDHI PRIBADI, RETHNO HARTATI,
DIAH PERMATA WIJAYANTI, DENNY NUGROHO SUGIANTOD, AGUNG DARMAWARN

Integrating ecological, social and policy aspects to develop peatland restoration
strategies in Orang Kayo Hitam Forest Park, Jambi, Indonesia
CHRISTINE WULANDARI, NOVRIYANT! NOWVRIYANTI, DIAN ISWANDARU

Impact of marine protected areas on economical important coral reef fish communities:

An evaluation of the biological monitoring of coral reef fish in Anambas Islands,
Indonesia

RISANDI DWIRAMA PUTRA, RIKOH MANOGAR SIRINGIRINGOD, ANI SURYANTI, NI
WAYAN PURNAMA SARI, MUIN SINAGA, NUMING VITA HIDAYATI, FREMSLY DAMIANUS
HUKOM, MUHAMMAD ABRAR, PETRUS CHRISTIANUS MAKATIPU, RIDHD SIANTURI,
YUWANDA ILHAMT

Seed-transmission of Cowpea mild mottle virus on several varieties of soybean in
Indonesia

MIMI SUTRAWATI, SRI HENDRASTUTI HIDAYAT, GEDE SUASTIHA,

BONMMNY PURNOMO WAHYL SUKARMNO, ALl NURMANSYAH

Screening of chitinase-producing rhizosphere actinomycetes and their genetic
diversity

ARIS TRI WAHYUDI, MAUFAL GHAZI FITHRIANSYAH, MUHAMMAD FAIZ AMRI,
JEPRI AGUNG PRIYANTO, ABDJAD ASIH MAWANGSIH

Diversity and abundance of terrestrial gastropods on the slopes of Mount Arjuna-
Welirang, East Java, Indonesia
PUTRI AFIN NURHAYATI, MOCH AFFANDI, AYU SAVITRI NURINSIYAH

Chemical characteristics of Falcataria moluccana wood infested by boktor stem borer
(Xystrocera festiva)

MOOR F. HANEDA, ASEP H. SUPRIATHNA, HASYYATI SHABRINA, YUMIK ISTIKORIMI,
ULFAH J. SIREGAR, IMAM WARHYUDI

Short Communication: Bacillus endolithicus and Bacillus paramycoides: Hew isolates
from housefly Musca domestica in Saudi Arabia
DINA E. EL-GHWAS, ABIR 5. AL-MASSER, AISHA A. AL-SHEIKHY

4123-4130

4131-4138

4130-4145

4146-4157

4158-4168

4169-4181

4182-4185

4186-4192

41934202

4203-4208

4200-4215



Improving SCOBY starter using co-culture of tapai and bakery yeast
AURDRA URBAHILLAH, JAY JAYUS, NURHAYATI NURHAYATI,

Short Communication: Proportion faunal assemblages of carnivorous mammals in
gececological districts of Mordovia, Russia
ALEXEY AMDREYCHEW

Review: Traditional knowledge of the Dayak Tribes (Borneao) in the use of medicinal
plants

FATIHA RISTYA AZ-ZAHRA, MERIZA LARAS WIDYA SARIL, RAIHANI SAPUTRY,
GILAMG DWI NUGROHO, SUNARTO, TEGUH PRIBADI, AHMAD DWI SETYAWAN

The potency of Myrtaceae Family frem Cibodas Botanic Gardens (Cianjur, Indonesia)
as botanical pesticide
RISHA AMILIA PRATIVWI, YATI NURLAENI

Commensals of underground mammals: Eurapean mole (Talpa euwropaea, Eulipotyphla,

Talpidags) and the greater mole-rat (Spalax microphthalmus, Rodentia, Spalacidae)
IRIMA STEPANDOWA, ALEXEY AMDREYCHEW, RUSLAN KULAKHMETOW,
EVGENY LOBACHEW

Genetic control of fruit shelf-life in a cross between Sletr-2 mutant and some
Indonesian tropical tomatoes

GUNGLUN WIGUNA, FARIDA DAMAYANTI, SYARIFUL MUBAROK, HIROSH| EZURA,
AMNAS

The ethnomedicinal plants used for human ailments at Mojana Wodera District, central
Ethiopia
MIKIYAS ABEBE

Enhances production of coffee (Coffea robusita): The role of pollinator, forages
potency, and honey production from Tefragonula sp. (Meliponinae) in Central Lombok,
Indonesia

BAMBAMG SUPEND, ERWAN, AGLSSALIM

Selection of upland rice lines in advanced yield trials and response to abiotic stress
ARIF TIRTAMA, BAMBANG SAPTA PURWOKD, ISWARI SARASWATI DEWI,
TRIKOESOEMAMINGTYAS

4617-4624

4625-4632

4633-464T

4665-46T0

46T71-46T5

46TG-4686

4687-4603

4694-4T03




ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d221062

BIODIVERSITAS
Volume 22, Number 10, October 2021
Pages: 4687-4693

Enhances production of coffee (Coffea robusta): The role of pollinator,
forages potency, and honey production from Tetragonula sp.
(Meliponinae) in Central Lombok, Indonesia

BAMBANG SUPENOY*, ERWAN? AGUSSALIM?
1Faculty of Agriculture, Universitas Mataram. JI. Majapahit No. 62, Mataram 83125, West Nusa Tenggara, Indonesia. Tel. +62-370-621435, Fax. +62-
370-640189. Yemail: bsupeno59@unram.ac.id
2Faculty of Animal Science, Universitas Mataram. JI. Majapahit No. 62, Mataram 83125, West Nusa Tenggara, Indonesia
3Faculty of Animal Science, Universitas Gadjah Mada. JI. Fauna 3, Bulaksumur, Sleman 55281, Yogyakarta, Indonesia

Manuscript received: 14 September 2021. Revision accepted: 30 September 2021.

Abstract. Supeno B, Erwan, Agussalim. 2021. Enhances production of coffee (Coffea robusta): The role of pollinator, forages potency,
and honey production from Tetragonula sp. (Meliponinae) in Central Lombok, Indonesia. Biodiversitas 22: 4687-4693. The bees role as
an agent of pollinators to improve the productivity of plants. This study was purposed to enhance coffee production (Coffea robusta) by
roles of stingless bee Tetragonula sp. as pollinator agent, forages potency, and honey production. This study has been conducted in a
coffee plantation in Lantan, Central Lombok, Indonesia. Several parameters were measured such as the number of bunches and flowers,
production of nectar and pollen, nectar sucrose content, production of coffee, and production of honey. The results showed that the
different observation time influenced the number of bunches, flowers, production of nectar and pollen, nectar sucrose content (P<0.01).
The number of bunches ranged from 58.20 to 144.87 bunches/tree, the number of flowers 36.33 to 58.73 flowers/bunches, and 2,362.53
to 8.250.63 flowers/tree. Furthermore, the nectar production 9.16 to 34.01 g/tree, pollen production 1.72 to 5.99 g/tree, nectar sucrose
content 20.6 to 35.0%. Estimation of coffee production before pollinated by Tetragonula sp. was 1,230.8 kg/ha, but after pollination by
Tetragonula was increased it became 3,605.7 kg/ha (49.1%). Fruit production before pollinated by Tetragonula sp. was 2,127.2
fruit/tree, but after pollination by Tetragonula sp. increased to 8,309.2 fruit/tree (59.2%). Production of honey from Tetragonula sp. was
3.74 g/hive/5 months and in Apis cerana was 301.35 g/hive/5 months. It can be concluded that the Tetragonula sp. as an agent of
pollinators can enhance the production of coffee and increase the biodiversity of coffee.

Keywords: Biodiversity, coffee flowers, nectar, pollination, pollen

INTRODUCTION

Estates has an area 23.63 thousand hectares and in 2018
became 19.92 thousand hectares and in 2019 it decreased to
14.5 thousand hectares. Furthermore, Private Estates also
decreased where in 2017 it has an area 23.19 thousand
hectares and decreased in 2018 became 22.25 thousand
hectares, and in 2019 decreased became 9.71 thousand
hectares. The decrease of coffee plantation area is caused
by the land conversion in several provinces. However, in
Smallholders Estates it increased in 2017 1.192 million
hectares, then in 2018 became 1.210 million hectares and
in 2019 increased 1.215 million hectares. The decrease of
coffee plantation area is impacted by the decrease in coffee
production. The production of coffee in Indonesia from
year of 2017 to 2019 is fluctuating where the production of
coffee in 2017 is 30.29 thousand ton and decreased to
28.14 thousand in 2018 (decreased 7.1%) and in 2019
decreased to 10.01 thousand ton (BPS-Statistics Indonesia
2019). In West Nusa Tenggara Province, Indonesia showed
that smallholders coffee area in 2016 is 12,256 ha with
coffee production is 4,641 tons (BPS-Statistics Indonesia
2017) and in 2017 is decreased became 11,978 ha with
coffee production is 4,865 tons (BPS-Statistics Indonesia
2018) and in 2018 is decreased became 11,942 ha with

coffee production 5.037 tons (BPS-Statistics Indonesia 2019).

To increase the coffee production requires the role of
insects to pollinate their flowers and one of the insects as
the best pollinators is honeybees or stingless bees. Coffee
flowers produce nectar and pollen for honeybees or
stingless bees food. Nectar and pollen are used by
honeybees or stingless bees to produce honey and bee
bread which are required for their growth and development
in the colonies (Abrol 2011; Agussalim et al. 2018). When
coffee flower blooming is usually found the honeybees or
stingless bees visit the flowers to collect nectar and pollen.
Stingless bee species that can be found in Lombok include
Tetragonula species (Meliponinae) that can produce
honey, bee bread, and propolis (Agus et al. 2019;
Agussalim et al. 2019, 2020, 2021; Erwan et al. 2020,
2021). Furthermore, when the bees collect nectar and
pollen indirectly, they serve as an agent of pollinators,
which increases the productivity of coffee. Coffee flowers
include in hermaphrodite where they are can perform the
self-pollination, but assumed is predominant pollinated by
wind, however the cross pollination by the bees can
significantly increase the production of coffee (Coffea
canephora) (Klein et al. 2003; Quezada-Euan 2018;
Roubik 2002). In Mexico, the main visitor in coffee
flowers is the honeybee Apis mellifera for about 84% of the
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total of visitors. Furthermore, stingless bee Trigona corvina
also reported their visit for about 6% of total of visitors
(Vergara and Badano 2009).

Klein et al. (2003) reported that the insects that serve as
pollinators are mostly pollinated by the bees, ranging from
2,038 to 2,269 bees that visit coffee flowers. Several
studies showed that honeybees or stingless bee can improve
the productivity of several plants such as number of fruits,
weight, length, and other parameters from various countries
(Atmowidi et al. 2008; Azmi et al. 2016; Bezabih and
Gebretsadikan, 2014; Calderone 2012; Putra and Kinasih
2014; Kishan Tej et al. 2017; Layek et al. 2021; Putra et al.
2014; Rogers et al. 2014; Veddeler et al. 2008). However,
the studied the roles of stingless bee Tetragonula sp. as an
agent of pollinators in coffee (Coffea robusta) in Central
Lombok, Indonesia has not been studied. Therefore, the
objectives of this study are to enhance coffee production
(Coffea robusta) by roles of stingless bee Tetragonula sp.
as an agent of pollinator, forages potency from coffee
flowers, and evaluates the honey production from
Tetragonula sp. in Central Lombok, West Nusa Tenggara
Province, Indonesia.

MATERIALS AND METHODS

Study area

This study has been conducted in the coffee plantation
managed by communities in forest area (smallholders) in
Lantan (8°29°39”S 116°20°33”E) located at 507 above sea
level, North Batukliang Sub-district, Central Lombok
District, West Nusa Tenggara Province, Indonesia was
shown in Figure 1.

Procedures

One hundred coffee flowers were wrapped for about 9
months using gauze (size 10 x 10 cm) (Figure 2) that have
been counted to determine their ability to self-pollinate.
Afterward, the coffee fruit amount was counted for each

Mataram

BIODIVERSITAS 22 (10): 4687-4693, October 2021

wrap. Furthermore, the flowers percentage that became
fruit from the treatment without stingless bee pollinated
and pollinated by stingless bee was calculated by the
equation: Flowers percentage = (flowers amount per bunch
— coffee fruit) x 100%

The flowering characteristic of coffee was obtained by
observing from April to November. The nectar production
from coffee flowers and the capacity of coffee plantation
per hectare for stingless bee meliponiculture. Thirty coffee
trees were chosen randomly, and each tree was counted
production per bunch, flowers amount per bunch.

Afterwards, the flowers were taken 4 bunches and were
counted flowers per bunches randomly. The number of
blooming flower bunches, blooming flowers per bunches,
and flowers per coffee tree were counted directly from the
coffee plant. The colonies of stingless bee Tetragonula sp.
was used as an agent of pollinator for coffee plants were 20
colonies per hectare of coffee plantation.

Figure 2. Coffee flowers were covered by gauze used in this study

O Mt. Rinjani

@) Lantan

Figure 1. The location of coffee plantation in Lantan, Central Lombok District, West Nusa Tenggara Province, Indonesia
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Figure 3. Coffee flowers when collected a nectar (A) and nectar has been collected put in Eppendorf tubes (B)

Nectar collecting and their sucrose content

Coffee flowers were covered by gauze (Figure 2) before
collecting their nectar from 18 coffee bunches and their
bunches were at least 50 flowers. Every 2 bunches that
blooming flowers were collected their nectar using a glass
pipette has been modified (Figure 3.A) in the morning
(06.00 to 09.00), afternoon (11.00 to 13.00), and evening
(16.00 to 18.00) in one day every period of flowers
blooming. Afterwards, the nectar was put into the
Eppendorf tube (Figure 3.B) and then analyzed using the
Luff Schoorl method as described by AOAC (2005). All
analyses were performed in triplicates and each in duplo.

Production of nectar and pollen of coffee flowers

The production of nectar from coffee flowers was
measured from 1,220 flowers and the average of each
flower was counted. Production of nectar from one flower
was measured from one flower sample and sucked by a
glass pipette has been modified (Figure 3.A) and weighed
by digital scale. For production of nectar per coffee tree
was counted from the number of flowers per coffee tree
multiplied by production of nectar per flower. The
production of nectar per hectare of coffee plantation was
counted by the production of nectar per coffee tree
multiplied by the number of coffee trees per hectare (coffee
trees per hectare were 1,322 trees). The pollen production
from coffee flowers were measured from 1,062 flowers and
then were counted as the average of each flower. The
production of nectar and pollen each month was counted
from the number of flowers per tree multiplied by
production of nectar and pollen from each flower and
measured from July to October. The total production of
nectar and pollen were counted as the production total from
July to October. The total production of nectar from coffee
flowers was counted from the sum of nectar from 4 month
from July to October period and production per hectare of
plantation also was counted.

Estimation of coffee production

Estimation of coffee production was counted from the
production of coffee per tree multiplied by the number of
coffee trees per hectare (coffee trees per hectare of

plantation were 1,322 trees) and was counted during May
to October each for the flowers covered by gauze (without
stingless bee pollinate) and pollinated by stingless bee
Tetragonula sp. Production of coffee before pollination by
stingless bees was obtained from the data previously
collected by farmers.

Data analysis

The data of number of bunches, flowers, production of
nectar and pollen, and nectar sucrose content were
analyzed using one-way analysis and followed by the
Tukey test using SPSS (Windows version of SPSS, release
23). The data of total bunches per coffee, flowers per
bunches, flowers per coffee and the total production of
nectar and pollen per hectares, and production of honey
were analyzed by descriptive analysis using Microsoft
excel (Steel et al. 1997).

RESULTS AND DISCUSSION

Number of bunches and flowers

The results showed that the number of bunches per
coffee tree were differed among the observation months.
The number of bunches per tree from the highest was
144.87 bunches/tree in September, followed by October
was 119.87 bunches/tree, August was 83.20 bunches/tree
and the lowest in July was 58.20 bunches/tree (P<0.01)
(Table 1). This condition, in line with the flower number
per coffee tree where in September as the peak of flowering
in coffee was 8,250.63 flowers/ tree, followed by October
was 5,534.33 flowers/tree, August was 3,025.57
flowers/tree, and decreased in July was 2,362.53
flowers/tree. In addition, the coffee tree in Lantan, Central
Lombok when we studied showed that the flowering was
delayed and started in July, though usually flowering
started in May to July periods. Furthermore, the number of
flowers per bunch was higher in September was 58.73
flowers/bunch, followed by October was 45.93
flowers/bunch, and decreased in July and August were
39.60 flowers/bunch and 36.33 flowers/bunch, respectively
(Table 1).
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The difference in the number of bunches and flowers
from the coffee tree each month may be affected by the
difference in the ability in each plant to grow and absorb
the soil nutrients that are used to produce flowers in each
bunch. Based on the number of bunches and flowers per
coffee tree indicates potential as an area for beekeeping of
honeybees or meliponiculture of stingless bees. The
number of coffee flowers per plant in our study was
different from previously studied by Bareke et al. (2021)
that the number of flowers per plant for Coffea arabica L.
is ranged from 485 to 2330 flowers/plant.

Pearson correlation showed that the number of
blooming flower bunches per coffee has a positive
correlation with blooming flowers per bunches (r = 0.256,
p<0.001) and number of flowers per coffee (r = 0.772,
p<0.001). In addition, the blooming flowers per bunches
has a positive correlation with the number of flowers per
coffee (r = 0.778, p<0.001) (Table 3). It indicates that the
higher number of blooming flowers, blooming flowers, and
flowers of coffee trees have an impact on increased the
production of nectar and pollen from coffee trees.
Therefore, it can support the availability of nectar and

stingless bees and the quality of honey or bee bread based
on their chemical composition.

Production of nectar and pollen

The results showed that the production of nectar from
one coffee flower was 4.12 mg/flower, while the pollen
production was 0.73 mg/flower. It indicates that the coffee
flowers have the potential as the source of nectar and
pollen for honeybees or stingless bee forages. The results
showed that the production of nectar and pollen from
coffee flowers each month was different. The production of
nectar from coffee flowers was higher in September period
was 34.01 g/tree, followed by October was 22.81 g/tree,
August was 12.47 g/tree, and decreased in July period was
9.16 gl/tree (Table 1). Coffee flowers was produced the
nectar for 3 days and depend on climate or season, when
the rain season flowers when flowers are started blooming
so the flowers just can produce nectar for 2 days.

Table 2. The total number of bunches, flowers and total
production of nectar and pollen from coffee flowers

pollen for honeybees or stingless bees to support the
increase of biodiversity especially coffee trees.
The total number of bunches per coffee tree was 421.63

bunches/tree/4 months and the number of flowers per
bunches was 180.60 flowers/bunches/4  months.
Furthermore, the total number of flowers per coffee tree
was 19,173 flowers/tree/4 months, while per hectare of
plantation was 25,352,815 flowers/ha (Table 2). It indicates

Total Per
Parameters (4 months) hectare
(ha)
Total number of bunches per tree 421.63 -
Total number of flowers per bunches 180.60 -
Total number of flowers per tree 19,173 25,352,815

Total production of coffee nectar (g) 78.45 103,739.44
Total production of coffee pollen (g) 13.92 18,405.86

that the coffee plantation has potential to support the nectar
and pollen for honeybees or stingless bees. Thus, in the
future a comprehensive study is needed about the
production of honey and bee bread from honeybees or

Note: Production of nectar (n = 1,220 flowers) and pollen (n =
1,062 flowers) of coffee flowers and coffee trees were 1,322
trees/ha.

Table 1. The mean of bunches number, number flowers and production of nectar and pollen of coffee flowers during July to October

periods
Parameters Observation months

July August September October
Number bunches per tree 58.20+4.27¢ 83.20+3.46° 144.87+6.582 119.87+7.39°
Number flowers per bunches 39.60+2.15° 36.33+2.01° 58.73+3.512 45,93+3,75°
Number flowers per tree 2,362.53+262.191 3,025.57+213.67¢ 8,250.63+534.782 5,534.33+578.69°
Production of nectar (g/tree) 9.16+1.08¢ 12.47+0.88¢ 34.01+2.20? 22.81+2.39°
Production of pollen (g/tree) 1.72+0.19° 2.20+0.16° 5.99+0.39? 4.02+0.42°

Note: 2.4 Different superscripts within rows indicate differences at P<0.01; Data was presented in mean + standard error

Table 3. Pearson correlation numbers of blooming flowers bunches per coffee, blooming flowers per bunches, flowers per coffee,

production of nectar and pollen from coffee flowers

1 2 3 4 5
1 Production of nectar 1
2 Production of pollen 1.000** 1
3 Blooming flowers bunches 0.772%* 0.772** 1
4 Blooming flowers 0.778** 0.778** 0.256** 1
5 Flowers 1.000** 1.000** 0.772** 0.778** 1
Note: **Indicates significant at P<0.01 (2-tailed)
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However, in our study it was differ from reported by
Bareke et al. (2021) that the Coffea arabica L. flowers
produced nectar for 5 days where the production peak of
nectar in the second day and decreased in the third day
until the fifth day. The production of pollen from coffee
flowers was higher in the September period was 5.99
g/month, followed by October was 4.02 g/coffee, in August
was 2.20 g/coffee, and decreased in July period was 1.72
g/coffee (Table 1). The total of nectar production for 4
months from one coffee tree was 78.45 g/tree, while the
production per hectare of plantation was 103,739.44 g/ha
(Table 2). Based on production of nectar per plant and per
hectare plantation indicates that the coffee flowers are the
potential nectar source for honeybees or stingless bees. The
production of nectar from coffee flowers were positively
correlated with the number of blooming flowers bunches (r
= 0.772, P<0.01), blooming flowers (r = 0.778, P<0.01),
and number of flowers (r = 1.000, P<0.01) (Table 3).

Production of nectar from one of the coffee flowers in
our study was differ from that reported by Manila-fajardo
and Cervancia (2020) for Coffea liberica var. liberica is
ranged from 4.22 to 14.43 uL. Furthermore, production of
nectar per coffee Coffea arabica L. flowers in 07.00 to
18.00 hours is ranged from 2.5 to 6.6 pL (Bareke et al.
2021). The production of nectar from coffee flowers is
affected by coffee cultivars, plant age, season or climate
(include temperature, humidity), and availability of soil
nutrients and their ability to absorb of soil nutrients.

The production of pollen from coffee flowers was
higher in the September period was 5.99 g/coffee, followed
by October was 4.02 g/coffee, in August was 2.20 g/coffee,
and decreased in July period was 1.72 g/coffee (Table 1).
Furthermore, the production of pollen for one coffee tree
was 13.92 g/4 months and the total production of pollen
from one hectare plantation was 18,405.86 g/ha. It
indicates that the availability of coffee pollen can support
beekeeping or meliponiculture and to increase the coffee
production by cross pollination from pollen from each
coffee plant. The production of pollen from coffee flowers
were positively correlated with the number of blooming
flowers bunches (r = 0.772, P<0.01), blooming flowers (r =
0.778, P<0.01), and number of flowers (r = 1.000, P<0.01)
(Table 3). It indicates that the coffee flowers have the
potential to produce pollen as the honeybees or stingless
bee's food.

Nectar sucrose content

The results showed that the nectar sucrose content from
coffee flowers were differ during the time to collecting in
the morning, afternoon, and evening for first, second, and
third days collecting, respectively. On the first day, the
nectar sucrose content in the morning (23.3%) and
afternoon (23.3%) were similar and higher than nectar
sucrose content in evening was 23.2% (P<0.01).
Furthermore, in the morning (24.4%) and afternoon (24.4)
were similar and lower than nectar sucrose content in
evening was 27.1% for second day and the third day was
higher in afternoon was 35.0%, followed by evening was
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29.0%, and the lowest in morning was 20.6% (P<0.01)
(Table 4).

The different days to collecting nectar from coffee
flowers have an impact on the difference of nectar sucrose
content. The nectar sucrose content of coffee flowers when
collected in the morning was higher on the second day was
24.4%, followed by the first day was 23.3%, and the lowest
on the third day was 20.6% (P<0.01). In the afternoon the
nectar sucrose content was higher on the third day was
35.0%, followed by the second day was 24.4%, and the
lowest on the first day was 23.3% (P<0.01). Furthermore,
in the evening the higher nectar sucrose content on the third
day was 29.0%, followed by the second day was 27.1%,
and the lowest on the first day was 23.2% (P<0.01) (Table
4). The nectar sucrose content in our study was differ from
previously reported by Manila-fajardo and Cervancia
(2020) for Coffea liberica var. liberica where the mean of
calorie content based on nectar sucrose content is ranged
from 0.87 to 2.98 cal/pL. Furthermore, Bareke et al. (2021)
reported that the sugar content from Coffea arabica L.
nectar is ranged from 2.8 to 4.6 mg/flower/day.

Production of coffee

The results showed that the production of coffee before
pollination by the stingless bee Tetragonula sp. was
1,230.8 kg/ha, but after pollination by Tetragonula sp. was
49.1% became 3,605.7 kg/ha from previous production. In
addition, the fruit production before pollination by
Tetragonula sp. was 2,127.2 fruit/tree, but after pollination
by Tetragonula sp. was 59.2% became 8,309.2 fruit/tree
from previous production (Table 5). It indicates that the
involvement of stingless bee Tetragonula sp. as an agent of
pollinators can improve the productivity of coffee,
especially coffee production per hectare and fruit
production per tree, however other parameters have not
been studied such as fruit weight, fruit production per
bunches, and the involvement of other insects as the
pollinator. Veddeler et al. (2008) reported that the bee
visiting the coffee flowers (Coffea arabica) increased
coffee vyield until 80% and 800% in net revenues.
Furthermore, Calderone (2012) reported that the honey
bees increased production 28.9% from plants total as an
indirectly dependent on the pollinators. These results
showed that the diversity of bee species is more effective
and productive to enhances the productivity of perennial
crops by pollination services (Rogers et al. 2014).

Table 4. Nectar sucrose content from coffee flowers in various
time and day of observe

Time collection

Observe days Morning Afternoon Evening
(%) (%) (%)
First (%) 23.3+0.03%  23.3+0.00* 23.2+0.00
Second (%) 24.4+0.00  24.4+0.03% 27.1+0.03%
Third (%) 20.6+0.03**  35.0+0.00* 29.0+0.03%

Note: #>¢ Different superscripts within rows indicate differences
at P<0.01; *¥# Different superscripts within columns indicate
differences at P<0.01; Data was presented in mean + standard error
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Table 5. Estimation of coffee production before and after pollinated by stingless bee Tetragonula sp. during May to October period

Parameters Before pollinated After pollinated Total Amount Percentage
by bees by bees increasing (kg) increasing (%)

Coffee production (kg/ha) 1,230.8 3,605.7 4,836.5 2,374.9 49.1

Fruit production (fruit/tree) 2,127.2 8,309.2 10,436.4 6,182.0 59.2

Table 6. Production of honey from honeybee Apis cerana and
stingless bee Tetragonula sp.

Parameters Weight
Production of honey from 5.74+0.62
Tetragonula sp. (g/hive/5 months)

Production of honey from 301.35+13.10

Apis cerana (g/hive/5 months)

This study in line with reported by Bezabih and
Gebretsadikan (2014) that the onion 50% is pollinated by
honeybee Apis mellifera L. and increased onion production
was 41.2%, seeds 1,000 mass was 25%, and percentage of
germination was 68%. Furthermore, Azmi et al. (2016)
reported that the chili pollinated by stingless bee
Heterotrigona itama and hand cross pollination resulted in
longer, heavier, and greater seed number per fruit than
chilies self-pollinated. Furthermore, Putra et al. (2014)
reported that the tomato flowers pollinated by honey bee
Apis cerana more efficiently (80.3%) than pollinated by
stingless bee Trigona iridipennis (70.2%), however weight
and size of tomato fruit is similar. Kishan Tej et al. (2017)
reported that the stingless bee Tetragonula iridipennis
Smith used as the pollinator in greenhouse can be increased
the production attributes of cucumber (fruit length, girth,
weight, fruit number per plant, and production per plant)
than control (without stingless bee as the pollinator).
Furthermore, Layek et al. (2021) reported that the open
pollination of stingless bee and honeybee can increase
watermelon fruit set is 14% for Tetragonula iridipennis and
17% for Apis mellifera compared to open pollination and
geitonogamy. In addition, open pollination added by
stingless bee and honeybee increased the quality of
watermelon (length, girth, and weight of fruits) then open
pollination and geitonogamy, however is lower compared
to cross pollination using hand.

Production of honey

The results showed that the honey production from
stingless bee Tetragonula sp. after 5 months
meliponiculture in the coffee plantation was 5.74 g//hive
(Table 6). Its honey production is described by the stingless
bee Tetragonula sp. might be the colonies have started to
develop and focused on constructing their nest. Supeno and
Erwan (2013) reported that the stingless bee Tetragonula
sp. can produce honey 300 mL/hive for 8 months
meliponiculture in  North Lombok, Indonesia. Honey
production in our study was different from that reported by
Agussalim et al. (2020) for Tetragonula laeviceps after
meliponiculture for 4 months ranged from 60 to 263
ml/hive (79.2 to 328 g/hive). In addition, Erwan et al.

(2020) reported that the volume of honey pots from
Tetragonula sp. is ranged from 0.14 to 0.37 mL/pot, total
production for 1 month meliponiculture in North Lombok
is 9.18 mL/bamboo hive and 18.72 mL/box hive.

Production of honey from Apis cerana after beekeeping
for 5 months was 301.35 g/hive (Table 6) with coffee
flowers as the nectar source. This production was differ
from previously studied by Schouten et al. (2019) reported
that the annual honey production from Apis cerana javana
Fabr. that beekeeping in Java, Bali, Nusa Penida, and
Sumbawa is ranged from 0.5 to 5 kg/hive. The difference in
honey production for each species Tetragonula sp. and
Apis cerana is affected by the difference of plant types as
the nectar source, activity of foragers to collect nectar, bee
species or genetics, and climate condition (temperature and
humidity). It can be concluded that the role of stingless bee
Tetragonula sp. as an agent of pollinators can increased the
production of coffee (Coffea robusta) is 49.1% and coffee
fruit increased 59.2%. Production of nectar from coffee
flowers is 78.45 g/tree/4 months (103,739.44 g/ha) and
production of pollen is 13.92 g/tree/4 months (18,405.86
g/ha). Production of honey from stingless bee Tetragonula
sp. is 5.74 mL/hive/5 months and Apis cerana is 301.35
mL/hive/5 months.
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