Report Of (Tetragonula iridipennis) Smith, 1854 Pollination On Flowering Plant [Bryophyllum
pinnatum (Lam.)] In New Delhi, India

Abstract

Research was carried out in New Delhi, India, where the discovery of Tetragonula iridipennis, also known as
the Kelulut or Trigona bee, as a pollinator of Bryophyllum pinnatum (Lam.) (Crassulaceae), commonly referred
to as "Mother of Thousands," was recorded and species identification was mainly carried out by molecular
method. T. iridipennis has not been previously documented as a pollinator of B. pinnatum, a succulent plant
known for its distinctive method of vegetative propagation. This finding presents a unique addition to the study
of pollination ecology, demonstrating the adaptability of these bees in supporting the reproduction of a plant
species that has not been previously documented. The research also emphasises the. significance of
comprehending the interactions between bees and plants, as well as the importance of safeguarding both bee
species and bryophyllum plants in their respective ecosystems. The recent discovery ‘of this connection
highlights the wide range of hosts that T. iridipennis can infect and its importance in'supporting biodiversity and
plant reproduction. Additional insights into this distinctive pollination relationship may be obtained through
further research, which can enhance our understanding of the dynamics between pollinators and plants.
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INTRODUCTION:

Bryophyllum pinnatum, also referred to as the "Mother of Thousands" or "Life Plant," is a fascinating succulent
that belongs to the Crassulaceae family. Originally from Madagascar, this species has since expanded its
presence to different tropical and subtropical areas across the globe. This distinctive plant is identified by its
thick, succulent leaves, which are frequently variegated, and:have small plantlets along the edges. As a result, it
has earned the nickname "Mother of Thousands™ (Kumar et al., 2023).

The leaves of B. pinnatum arefrequently used in traditional medicine to treat wounds, burns, and skin
conditions by applying them'directly to the ‘affected area. This is because they are believed to have anti-
inflammatory and wound-healing effects. Additionally, B. pinnatum has been used in various traditional
medicinal practises to treat digestive issues and respiratory conditions such as asthma and bronchitis (Rout et al.,
2012; Ojewole, 2005).

B. pinnatum uses a two-fold approach for pollination in its reproductive strategy. The plant is capable of
reproducing through self-pollination by producing plantlets along the edges of its leaves, enabling asexual
propagation. Furthermore, the genetic diversity within the plant population is enhanced by insect-facilitated
cross=pollination, which is mainly carried out by bees and other pollinators that are attracted to the bell-shaped
flowers of the plant. The successful reproduction of B. pinnatum is ensured by a combination of self-pollination
and cross-pollination. Additionally, the distribution of this plant is further expanded through the dispersal of its
small seeds by wind (Rout et al., 2013; Kingsley et al., 2018).

Bees, including western honey bees (Apis mellifera) and various native species such as bumblebees (Bombus
spp.), carpenter bees (Xylocopa spp.), mason bees (Osmia spp.), sweat bees (Halictidae), and solitary mining
bees (Andrenidae), play a crucial role in pollinating this succulent plant (Buchmann and Nabhan, 1996; Free,
1993)

Additionally, butterflies, which include various species like the Monarch butterfly (Danaus plexippus) and the
Painted Lady butterfly (Vanessa cardui), are attracted to its bell-shaped flowers and play a crucial role in
transferring pollen from one flower to another during their foraging visits, promoting cross-pollination and



genetic diversity within the plant population (Rout et al., 2012; Ong, 2017). While ants may also visit the
flowers, they are generally less effective as pollinators compared to bees and butterflies (Rout et al., 2012).

Stingless bees (Apidae: Meliponini) hold significant economic, ecological, and cultural value. These bees,
known for their complex social organization, live in perennial colonies and are commonly found in tropical and
subtropical regions. They play a crucial role as primary pollinators for both native and cultivated plants,
including key global crops such as coffee. Approximately one-fourth of the more than 1000 plant species
cultivated in tropical regions for food, beverages, fiber, spices, and medicines are likely pollinated by stingless
bees. However, human activities are contributing to a decline in their diversity and abundance, which could have
serious implications for global food security, crop-based economies, and livelihoods (Bhatta et al., 2019).

To examine the dynamics of pollinators, including their diversity and dispersal within the B. pinnatum plant
ecosystem, a periodic survey was conducted in various locations across the National Capital Region (NCR) of
New Delhi. This survey aimed to gain insights into the reproduction scenarios of this plant, providing valuable
information for effective understanding of the role of insects in pollination.

MATERIALS AND METHOD
Study area:

A periodic survey was conducted across various locations in the NCR region (Pusa Farm, IARI, Najafgarh
Farm, Talkotora Garden, Indraprastha Park, Amrit Udyan Park, and Budha Jayanthi Park) to evaluate the
dynamics of pollinators during the period of November 2022 to February 2023. This survey resulted in the
documentation of T. irrdipennis bee insects infesting chamomile at Amrit Udyan, New Delhi, India (28.6156
latitude, 77.1984 longitude), on February 24, 2023.

Collection, transportation, and preservation of the specimen;

In a 100-m? plot, ten randomly selected B. pinnatun flowering stage plants were sampled for insect
collection. The adult bees were challenging to collect due to their active behaviour. To collect the adult bees, a
sweep net was used, and they were later transferred to a killing jar. Subsequently, the adults were placed in 30
ml screw-capped vials filled with:70% alcohol and transported to the laboratory (Gouda et al., 2024a). In the
lab, the specimens were taken out, and the alcehol was dried using blotting papers. The adult bees were then
pinned at the thorax using standard insect pins and left to dry completely for three days. After drying, the dried
and pinned specimens were stored in standard insect boxes. And for species identification, we compared
reference specimens and pertinent literature.

For molecular. identification, bee samples were collected and stored in 70% ethanol at -20 degrees
Celsius=until DNA extraction. DNA extraction was performed using the DNA Sure Tissue Mini Kit (Qiagen
#NP-61305) following the manufacturer's instructions. The extracted DNA was examined on a 0.8% agarose gel
containing 0.5.g/ml of ethidium bromide, and the quantified DNA was used for further PCR analysis (Gouda et
al.,, 2024b). A partial mtCOIl gene fragment was amplified using the universal primers LCO (5-
GGTCAACAAATCATAAAGATATTGG-3) and HCO (5-TAACTTCAGGGTGACCAAAAAATCA-3)).
PCR amplification was carried out in a 25-pl reaction mixture containing 12.5 ul of PCR master mix (Promega
M750A), 7.5 ul of nuclease-free water, 1 pl of forward and reverse primers, and 3 pl of DNA template (Gouda
et al., 2024c). The PCR-amplified product (3 pl) was electrophoresed at 100 V for 45 minutes on a 1.2%
agarose gel in 1X TAE buffer. The purification and sequencing of the PCR-amplified products were outsourced.
BLAST analysis was performed to search for homologous sequences using the National Centre for
Biotechnology Information (NCBI) database (http://ncbi.nlm.nih.gov/BLAST) (Gouda et al., 2024d). The
obtained sequence was submitted to NCBI GenBank to obtain accession numbers. Multiple alignments for
homology search were conducted using the Clustal W algorithm software, with the default gap penalty values
being gap opening 10 and extension 0.2 with a p-distance model and pairwise gap deletion selected (Gouda and
Subramanian, 2024). Dendrograms by the neighbour joining method were generated using MEGAL1 software,




incorporating the isolate from the current study and reference strain sequences obtained from GenBank (Gouda
et al., 2024e).

RESULT AND DISCUSSION

During the survey, on March 26, 2023, at Amrit Udyan in New Delhi, India (latitude: 28.6156, longitude:
77.1984), the report of T. irrdipennis (Stingless bee) as a pollinator of B. pinnatum was documented. Adult
individuals typically measure around 3 to 4 mm in body length and are characterised by their predominantly
black coloration. Their body structure includes a compact and slender shape with well-defined head, thorax, and
abdomen regions, and they have two pairs of wings that lock together during flight. These bees possess a long
proboscis for nectar and pollen collection, segmented antennae, compound eyes, and hind legs adapted for
pollen transport, featuring pollen baskets or corbiculae. Unlike some bee species, T. iridipennis lacks a stinger
for defence (Fig. 1).

Fig. 1 Adult of Tetragonula irdipennis

The DNA was amplified by. mtcol universal primer and amplification was confirmed by running gel (Fig.2).
Furthermore, molecular “identification using the NCBI BLAST algorithm indicated a 100% identity with T.
irridipennis and we obtained accession number OR793172 and subsequently, a comprehensive phenogram
construction was constructed along with reference sequences unveiled the formation of two distinct clades one
for Tetragonula“'sps. and other with Melipona sps. Notably, our isolate T. iridipennis species clustered
harmoniously with the reference sequences of its respective species. This insightful molecular scrutiny further
fortified the case for the accurate identification of the T. iridipennis (Fig. 3).




Fig. 2 Gel picture of DNA amplified by mtcol primer

OR351126.1 Melipona fasciata

MW200308.1 Melipona fuscopilosa

0OR351133.1 Melipona nigrescens

OR351137 1 Melipona fuliginosa

KC853248.1 Melipona bicolor

AF370429.1 Melipona bicolor

OR351116.1 Melipona favosa

KC853354.1 Scaptotrigona nigrohirta

MN346112.1 Cephalotrigona capitata

KC853322.1 Tetragonisca fiebrigi

KX156851.1 Scaptotrigona sp.

ON458746.1 Tetragonula fuscobalteata voucher T fuscobalteataTebedu
(OM943486 1 Tetragonula lzeviceps voucher T laevicepsPutatan?

OM935863.1 Tetragonula laeviceps voucher T laevicepsTebedu2
OM935867 1 Tetragonula laeviceps voucher T laevicepsKotaMarudu
LC440356 1 Tetragonula sapiens

KM112224 1 Tetragonula hockingsi

ON458756.1 Tetragonula ruficornis voucher T ruficornis

LC440358 1 Tetragonula clypearis

KU934145 1 Tetragonula pagdeni

QOP967919.1 Tetragonula travancarica

6 ORT793172 1 Tetragonula iridipennis isolate New Delhi Bryophyllum
100 OR536431.1 Tetragonula iridipennis isolate alagar
— KY072398.1 Tetrigona vidua
100 —— KU934117 1 Tetragonilla collina

Fig. 3 Molecular identifications of Tetragonulagiridipennis. Red.colour indicates sequences generated in this
study.

During our observations, we found, that this insect species was highly active during the daytime (8:00 am
to 5:00 pm), especially while pollinating (Fig. 4). They were capable of flying for up to 50-60-meter distance.
Additionally, a pollen basket was seen in‘the hind leg:

Fig. 4 Pollination of bryophyllum by Tetragonula iridipennis

T. iridipennis, commonly known as the Kelulut or Trigona bee, serves as a valuable and versatile pollinator with
a host range that extends across various plant families. These bees are known to visit and pollinate a wide array
of plant species, contributing significantly to pollination in various ecosystems and agricultural settings. Notable
plant families benefiting from their pollination services include the Rosaceae family, where they efficiently
pollinate fruit trees like apples, pears, and cherries, enhancing fruit production. In the Rutaceae family, T.
iridipennis plays a vital role in pollinating citrus fruits, such as oranges, lemons, and limes, which are crucial for
the citrus industry (Bueno et al., 2023). Additionally, cucurbits in the Cucurbitaceae family, including
cucumbers, pumpkins, and squash, rely on these bees for effective pollination (Chauhan et al., 2019; Kishan et
al., 2017). They also visit herbs like basil, oregano, and thyme in the Lamiaceae family, supporting culinary and



medicinal herb production (Bueno et al., 2023). Furthermore, they are recognised pollinators of economically
significant crops like oil palm and rubber in the Palmaceae family (Bueno et al., 2023). T. iridipennis plays a
pivotal role in enhancing the diversity and health of natural ecosystems by pollinating a wide range of
wildflowers, often spanning multiple plant families. Their adaptability and efficiency as generalist pollinators
underscore their importance in sustaining both agricultural productivity and biodiversity, making them a key
contributor to plant reproduction and ecosystem health.

Conclusion:

As of now there is no prior report on the pollination of bryophyllum plants belonging to crassulaceae by T.
iridipennis, this represents a significant and novel discovery in the field of pollination ecology. Bryophyllum
plants, which are known for their unique method of vegetative propagation through plantlets on their leaves,
have now been observed to receive pollination services from T. iridipennis. This discovery highlights the
adaptability and broad foraging behavior of these bees, shedding light on their role in facilitating the
reproduction of an entirely new plant species. Such findings contribute to our understanding of both bee-plant
interactions and the plant species that rely on T. iridipennis for their reproductive success. This newly reported
association underscores the importance of protecting both the bee species and the bryophyllum plants within
their ecosystem. Further studies and research may provide deeper insights into the intricacies of this unique
pollination relationship.

Disclaimer (Artificial intelligence)
Option 1:

Author(s) hereby declare that generative Altechnologies such as Large Language Models,etc.
have been used during writing or editing ofmanuscripts. The generative Al used is
ChatGPT,based on the GPT-4 architecture, provided byOpenAl. Various user queries and
instructionswere given as input prompts for generating andediting text.

Details of the Al usage are given below:
1. Chat GPT-Open Al

2.

e

REFERENCES

1. Bhatta C P, Gonzalez V H, Mayes D, Simdes M, Smith D R 2019. Nesting biology and niche modelling
of Tetragonula iridipennis (Smith)(Hymenoptera: Apidae, Meliponini) in Nepal. Journal of Apicultural
Research 58(4): 501-511.

2. Buchmann S L and Nabhan G P 1996. The forgotten pollinators. Island Press.

3. Bueno F G B, Kendall L, Alves D A, Tamara M L, Heard T, Latty T and Gloag R 2023. Stingless bee
floral visitation in the global tropics and subtropics. Global Ecology and Conservation 02454,

4. Chauhan A, Singh H K and Kumaranag K M 2019. Pollination potential of stingless bee Tetragonula
iridipennis smith in ash gourd. Indian Journal of Entomology 81(4): 854-859.

5. Free J B 1993. Insect pollination of crops (2nd ed.). Academic Press.



10.

11.

12.

13.

14.

15.

16.

17.

18.

Gouda, M. N. R., Pavan, J. S., Raiza Nazrin, M. R., & Sharath, R. (2024a). Emerging Threat of
Oxyrachis tarandus Fabricus Infestation on Banyan Trees (Ficus benghalensis Linnaeus). International
Journal of Economic Plants, 11(May, 2), 100-103. https://doi.org/10.23910/2/2024.5218a

Gouda, M. N., Yogananda, M., Ashwini, L. M. B., Banswal, A., Pradhan, S., & Deeksha, M. G
(2024b). Report on Crioceris sp. (Coleoptera: Chrysomelidae) Infestation and Damage to Medicinal
Plant Asparagus racemosus (Liliopsida: Asparagaceae) in New Delhi, India. Journal of Advances in
Biology & Biotechnology, 27(8), 491-497. https://doi.org/10.9734/jabb/2024/v27i81161

Gouda, M. R., Pavan, J. S., Yogananda, M., & Rajarushi, C. N. (2024c). A New Host Record for
Leptocentrus taurus and Extended Host Records for Oxycarachis tarandus. Indian Journal of
Entomology, 1-3. https://doi.org/10.55446/1JE.2024.1952

Gouda, M. R., Rajna, S., Gambhir, S., & Subramanian, S. (2024d). Unravelling genetic diversity of
whitefly species on different host plants from New Delhi. Journal of Environmental Biology 45: 259-
267. 10.22438/jeb/45/3/mrn-5252.

Gouda, M. R., Gaikwad, K., Prabha, R., Kumar, A., & Subramanian, S.«(2024e). Elucidation of
ejaculatory bulb proteins in Bemisia tabaci Asia-1 and Asia 1l-1 and confirmation of their. mating
transfer via RNAI. Molecular Biology Reports, 51(1), 861. https://doi.org/10.1007/s11033-024-09816-
8.

Gouda, M.N.R., Subramanian, S. Variations in the expression of odorant hinding and chemosensory
proteins in the developmental stages of whitefly Bemisia tabaci Asia 11-1. Sci Rep 14, 15046 (2024).
https://doi.org/10.1038/s41598-024-65785-9.

Kingsley C W, Renz S, and Gideon A 2018. Floral bielogy and breeding system of Bryophyllum
pinnatum (Lam.) Kurz (Crassulaceae). International Journal of Plant Biology & Research 6(1): 1066.
Kishan Tej M, Srinivasan M R, Rajashree V, and Thakur R..K 2017. Stingless bee Tetragonula
iridipennis Smith for pollination of greenhouse cucumber. Journal of Entomology and Zoology studies
5(4): 1729-1733.

Kumar G, Kumar R, Rana H 2023. The Pharmacological activities of mother of thousand (Kalanchoe
pinnata). Research Journal of Pharmacology and Pharmacodynamics 15(1): 31-35.

Ojewole J A 2005. Antiinflammatory and analgesic effects of Bryophyllum pinnatum (Crassulaceae)
leaf aqueous extract. Methods and Findings in Experimental and Clinical Pharmacology 27(9): 547-
554.

Ong H C 2017. Plants.as Potential Natural Antioxidants: The Case of Bryophyllum pinnatum.
Antioxidants 6(1): 12.

Rout R G Das.P and Thatoi H:2012. Traditional medicinal plants used for the treatment of diabetes in
the state of Odisha; India. Advances in Biological Research 6(2): 48-67.

Rout R G, Das P.and Thatoi H2013. Phytochemical analysis and antibacterial activity of Bryophyllum
pinnatum (Lam.) Oken leaves. Advances in Biotechnology: A Research Journal 4(03): 89-94.




