BIODIVERSITAS
Volume 24, Number 2, February 2023
Pages: 784-792

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d240214

Flowering and fruiting phenology of Anaxagorea luzonensis A. Gray
(Annonaceae)

DEWI AYU LESTARI*Y, LINDA WIGE NINGRUM?, F. MAFTUKHAKH HILMYA NADA?,
NARESVARA NIRCELA PRADIPTA®, DIAN RAKHMAWATI HARSONO*
1Research Center for Plant Conservation, Botanic Garden and Forestry, National Agency for Research and Innovation. JI. Raya Jakarta-Bogor Km. 46,
Cibinong, Bogor 16911, West Java, Indonesia. Yemail: chunyang.dee@gmail.com
2Research Center for Ecology and Ethnobotany, National Agency for Research and Innovation. JI. Raya Jakarta Bogor Km. 46, Cibinong, Bogor 16911,
West Java, Indonesia
3Program of Forestry, Faculty of Agriculture and Animal Husbandry, Universitas Muhammadiyah Malang. JI. Raya Tlogomas No. 246, Babatan, Malang
65144, East Java, Indonesia
4Department of Agriculture and Food, Magelang District. JI. Mayor Kusen Bojong Mendut, Magelang 56511, Central Java, Indonesia

Manuscript received: 10 December 2022. Revision accepted: 3 February 2023.

Abstract. Lestari DA, Ningrum LW, Nada FMH, Pradipta NN, Harsono DR. 2023. Flowering and fruiting phenology of Anaxagorea
luzonensis A. Gray (Annonaceae). Biodiversitas 24: 784-792. Anaxagorea luzonensis is one of the critical plant collections from the
Annonaceae family, with only one specimen in Purwodadi Botanic Garden (PBG). In protecting these plants, it is necessary to know the
process of flowering and fruiting through the phenological process. This research is expected to observe plant propagation, physiology,
environmental response, and increased reproductive success. The aim of this research is to know the details of flowering and fruiting
phenology stages, determine reproductive success, and explain the floral biology of A. luzonensis. Research on the flowering and
fruiting phenology of A. luzonensis was carried out from December 2021 - November 2022 in one season at PBG. The method is
observative, including changes in color, shape, and size of flowers and fruit in each phenological stage. In addition, the method includes
the count of reproductive success and observation of the A. luzonensis flower. This study's results stated that the flowering and fruiting
phenology of A. luzonensis experienced a shorter flowering time than fruiting time and a low percentage (<30%) of reproductive
success. Flowering stages are divided into five stages, i.e. initiation, flower bud, before bloom, bloom, and anthesis; fruiting stages are
divided into three stages, i.e. immature-sized, mature-sized, and ripe fruit, which occurred in period 73-121 + 85 days. Environmental
and genetic factors cause the low value of reproductive success. This research can be useful for the conservation strategy of A.
luzonensis, especially for reproduction biology and seed conservation.
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INTRODUCTION

Purwodadi Botanic Garden (PBG) is an 85 hectares
garden located in Pasuruan, East Java Province, Indonesia.
It is an ex-situ plant conservation area in the dry lowlands
with various plant habitus collected, from herbs to trees.
This botanic garden functions as a conservation spot,
tourism, and environmental education area and has an
important role in preserving biodiversity, especially
endangered (threatened) species. (Indrawardani et al.
2019). Based on registration data from 2022, PBG has
plant collections from 191 families, 935 genera, 11,023
specimens, and 6,088 collection numbers. From this plant
collection, 590 collection numbers are included in the
critical plant collection, which is a plant collection that
only has one plant specimen in PBG. One of the critical
plant collections is Anaxagorea luzonensis A. Gray.
Unfortunately, information about this species has not been
widely published.

Anaxagorea luzonensis is a species from the
Annonaceae plant family, which is ex-situ conserved in
PBG. In 2018, A. luzonensis was added to the IUCN Red
List of Threatened Species, with its conservation status

listed as a Least Concern species (reference). The species is
distributed along Andaman, Bangladesh, Borneo, Java,
Sulawesi, Maluku, Laos, Myanmar, Philippines, Sri Lanka,
Thailand, Vietnam, Cambodia, to Southeast China (Powo
2022). Anaxagorea luzonensis is also found in Wawonii
Island, Southeast Sulawesi, based on exploration activities
by Rugayah (2014). Annonaceae is a tropical plant family,
i.e. it is found in countries with tropical climates, including
Indonesia (Johnson et al. 2021). Species of the Annonaceae
family have many advantages, i.e. as a source of wood,
edible fruit, biopesticides, ornamental plants and producers
of spices, roadside plants, cosmetic and perfume
ingredients, and traditional medicines (Moghadamtousi et
al. 2015; Al Kazman et al. 2022). In addition, it contains an
anti-oxidant as a blood tonic, stomachic, antipyretic, and
for treatment of muscular pain (Gonda 2000).

Many species of Annonaceae have an abundance of
flowers and certain time of fertilization processes. In terms
of flower abundance, members of the Annonaceae family
have had little changes in flowering peak and frequency of
flowering and fruiting plants for the past eight years
observations by Lestari (2019). One of the main factors
affecting the reproduction of Annonaceae is the
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asynchronous flowering and the anthesis period, especially
between male and female flowers (Handayani 2016).
However, collections of Annonaceae originating from East
Java in PBG have several problems, such as the generative
character not fully appearing and becoming an obstacle to
identifying species based on morphological characters
(Lestari et al. 2018). Based on Lestari (2019), A. luzonensis
experiences flowering and fruiting two times (twice a year)
with irregular classes, namely annual frequency (for the
flowering pattern) and sub-annual frequency (for the
fruiting pattern).

Information about flowering and fruiting phenology is
very important to increase productivity and understanding
plant physiology and environmental response (Handayani
2016; Lestari 2019). Climate change affecting the
environmental conditions has impacted less-than-optimal
plant growth and development. In less-than-optimal
conditions, plant growth will be disrupted, reducing the
production and yield quality of flowers and fruits. Other
important factors triggered by climate and environmental
changes are shifts in plant response, plant morphology, and
plant phenology (Pulatov et al. 2015; Sarvina 2019). Plant
phenology is important for predicting reproductive success
in plant growth and development. Phenology is strongly
influenced by temperature; then, it can be used to study the
effects of climate change on plant growth, such as shifts in
flowering and fruiting times (Wang et al. 2017; Zhu et al.
2019). Besides having a negative impact on the fruit
quality, some of the negative effects of the increase in
temperature (Qu and Zhou 2016) is the increase of plant-
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disturbing organisms. High air temperatures greatly affect
the life cycle of plant pests; high temperatures will
accelerate the regeneration of their life cycle so that plants
will be easily disturbed (Forrest 2016; Nopsa et al. 2014).

Based on this background, this research aims to know
the details of the flowering and fruiting phenology stages
of A. luzonensis, to determine the reproductive success of
A. luzonensis; and to explain the floral biology of A.
luzonensis. Furthermore, this research can be useful for the
conservation strategy of A. luzonensis, especially for
reproduction  mechanism  biologically and  seed
conservation.

MATERIALS AND METHODS

Study area

Research on the flowering and fruiting phenology of
Anaxagorea luzonensis was carried out from December
2021 to November 2022 in one season. This research was
done at Purwodadi Botanic Garden, Research Center for
Plant Conservation, Botanic Garden and Forestry, National
Research and Innovation Agency for Republic Indonesia
(BRIN), Purwodadi (Figure 1), East Java, Indonesia. The
materials used were A. luzonensis plant collection in
collection number XVIII.E.26, with small treelets or small
tree habitus, about 1,5 m high, 26 years old, and originated
from exploration results in Dumoga Bone Mongondow
National Park, Bolaang Mongondow, North Sulawesi,
Indonesia.
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Figure 1. Observation location of flowering and fruiting phenology of Anaxagorea luzonensis in Purwodadi Botanic Garden East Java;
A. Map of Indonesia, East Java, and Pasuruan District, B. Map of Purwodadi Botanic Garden, C. Study site in Purwodadi Botanic
Garden (location symbol), and D. Habitus of Anaxagorea luzonensis in the site of XVII1.E.26
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Procedures
Flowering and fruiting phenology

The plant material observed was one specimen, with
observation plots determined based on four cardinal
directions (north, south, east, and west) with three
replications for each direction. One specimen was observed
in each cardinal direction; therefore, there are 12 flowers in
total. The method was observative, including the flowers'
color, shape, size, and fruit changes in each phenological
stage. In addition, the time required for each flowering and
fruiting stage was also calculated. Those development start
from the flower bud until blooms and anthesis occurs. The
stages of fruit development start from ovary formation,
immature, and mature until ripe fruit. Each stage was
recorded, measured using a digital caliper, and documented
using a digital camera. Observations were done every day.
Each stage from flowering and fruiting phenology was
described based on the BBCH scale (Meier et al. 2009).

Reproductive success

The determination of reproductive success is calculated
by the ratio of fruits and flowers and the ratio of seeds and
ovules (Syamsuwida and Aminah 2020). Fruit set
calculation refers to Kusumayati et al. (2015), which is
based on the ratio of the total fruit formation and the total
of flowers.

Floral biology

The floral biology observations require three flower
samples as replicates. These samples differ from those for
flower phenological stages; the flowers' stadia are observed
when they bloom. The parameters observed are the size,
shape, surface, and color of flower stalks, sepals, petals,
stamens, carpels, and torus (floral receptacle). Each
replicate was recorded and documented using a digital
microscope Dino-lite  AM3113T. Besides, the flower
formula and diagram are also drawn and documented.
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Data analysis

Using Microsoft Excel, data were analyzed using
descriptive analyses and averages with standard deviation
(SD). In addition, the photo files documented data of
flowering and fruiting stages as supporting data.

RESULTS AND DISCUSSION

Plant flowering and fruiting phenology can be used and
interrelated for species and seed conservation. In this
research, observations of A. luzonensis were carried out
through several stages, starting from flowering and fruiting
phenology, the value of reproductive success, flower
morphology, and the conservation strategies in PBG.
Flowering and fruiting phenology

The flowering and fruiting phenologies of A. luzonensis
were determined by the period of the flowering stage and
the period of the fruiting stage based on cardinal directions
(Figure 2). Flowering stages are divided into five stages,
i.e. initiation, flower bud, before bloom, bloom, and
anthesis. Fruiting stages are divided into three stages, i.e.
immature-sized, mature-sized, and ripe fruit. Each stage
from each cardinal direction has different periods. The time
required for flower initiation is 5-9 days, with the longest
time in the northern cardinal direction and the fastest time
in the western cardinal direction. Flower buds require 12-
16 days until bloom and anthesis (each stage is 1-3 days).
The size and shape changes of young fruit distinguished the
growth stage from immature to mature-sized fruit. These
stages are long (average of 7-67 days). The ripe fruit
required 2-7 days until the seeds were ready to harvest. The
flowers in the southern cardinal directions could not
produce mature and ripe fruits.
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Figure 2. Period of Anaxagorea luzonensis flowering and fruiting stages
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The detailed descriptions from each flowering and
fruiting stage of A. luzonensis based on the BBCH scale are
shown in Table 1 and Figure 3. The inflorescence
emergence stage (code 5) until the flowering stage (code 6)
took 29 days. The flower of A. luzonensis is protogynous
anthesis. Development of fruit from immature-sized to
mature-sized took 53 days. Finally, three days were
required for fruit ripening or maturity until the seed was
ready to be dispersed.

Reproductive success
The value of reproductive success in the eastern
cardinal has the highest percentage (3,17%; Figure 4), and
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the lowest value was in the southern cardinal (0%; Figure
4). That is due to the micro-environment in eastern and
northern cardinals receiving sunlight and are not blocked
by other tree canopy cover. The value of reproductive
success affects the percentage of fruit and flower set. If the
reproductive success percentage is high, the fruit and seed
set yields are also high, and vice versa (Figure 4). On the
other hand, the fruit and the seed set in the southern and the
western cardinal are lower because the flowers fell and
pollination did not occur, and immature-sized fruits were
dropped due to heavy rain.

Table 1. Detail description of Anaxagorea luzonensis flowering and fruiting stages based on BBCH scale

Code Stage

Description Period

5 Inflorescence emergence

Stage from the appearance of a flower bud (initiation stage) until 25 + 6.68 days

before the flowers bloom

6  Flowering
7  Development of fruit
8  Ripening or maturity of fruit and seed

From blooming to the end of flowering (anthesis begin)
From immature-sized fruit until mature-sized fruit (size increased) 53 + 50.31 days
Starting from the distal part of the carpel has a thickened wall until 3 + 3.89 days

4 +1.64 days

it breaks (opening at the ventral)

Figure 3. Flowering and fruiting stages of Anaxagorea luzonensis; A-G. flowering stages, H. anthesis, I-L. fruiting stages
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Figure 4. Reproductive success, fruit set, and seed set percentage of Anaxagorea luzonensis based on cardinal direction
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Flower biology

The morphology of the flowers of A. luzonensis is
shown in Figure 5. Inflorescence terminal, flowering
pedicels 0.9-0.95 cm long, ca. 1.37-1.39 mm in diameter,
green, glabrous. Sepals 3, light green, ovate, not fleshy,
free, simple hairs with brown color, ca. 0.25-0.4 cm long,
ca. 0.2-0.4 cm wide. Petals 6, in 2 whorls of 3 inners and 3
outer petals. Outer petals 3, ca. 1-1.45 cm long, 0.4-0.75
cm wide, more width than inner petal, white, free, fleshy,
ovate. Inner petals 3, elliptic, ca. 0.8-1.2 cm long, 0.3-0.5
cm wide (Figure 5A-B). These observation results are
relevant to Lestari (2014). Torus is deeply concave (Figure
5C). This torus type is almost the same as Fusaea and
Ophrypetalum species studied by Van Heusden (1992).
Stamens fleshy, ca. 46-52 per flower, filament white,
anther yellow, tongue-shaped, ca. 0.22-0.45 mm long

BIODIVERSITAS 24 (2): 784-792, February 2023

(Figure 5D). The tongue-shaped stamen is similar to those
found on Fissistigma fulgens (Bangkomnate et al. 2021).
Carpels spatulate, ca. 5-7 per flower, apocarpous, glabrous,
fleshy, stigma light brown, style white, ovule yellow
(Figure 5E). The carpel is apocarpous with a long and
conspicuous style (Li et al. 2021). Each carpel from
Anaxagorea spp. could become one of this genus's
important characteristics (Li et al. 2020).

The Flower morphology of A. luzonensis is then drawn
to get a flower diagram and formulated. Based on the
observations, the floral formula of A. luzonensis is Kg),
Cay@), A~ , Gg. The flower is zygomorphic and
hermaphroditic, has three sepals, six petals in 2 whorls
(3+3) with many stamens, and six apocarpous carpels. The
flower diagram is shown in Figure 6.

Figure 5. Morphological flower of Anaxagorea luzonensis; A. cross-section of flower (one outer petal removed), B. flower view from
above, C. torus of flower, D. stamen, and E. carpel. an: anther, cp: carpel, ip: inner petal, fl: filament, op: outer petal, ov: ovule, pd:
peduncle, pt: petal, sg: stigma, sl: style, and st: stamen. Scale bar =200 um (Figure 4A, C-E) and 1 cm (Figure 4B)
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Figure 6. Flower diagram of Anaxagorea luzonensis; A. flower (top view), B. flower (side view), and C. flower diagram. ip: inner petal,

op: outer petal, ov: ovule, sp: sepal and st: stamen. Scale bar = 1 cm
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Discussion

Phenology is one of the plant physiological processes
related to biological event timing and environment. The
phenology of each plant species is different, including in
the Annonaceae family. Based on these results, the
flowering and fruiting phenology of A. luzonensis is taken a
shorter flowering time than fruiting time, short anthesis
time, and a low percentage of reproductive success. Species
from the Anaxagorea plants group have different anthesis
rhythm variations among individuals (Gottsberger 2016).
The low percentage of reproductive success is largely due
to fruit formation failure, reducing seed production. In
addition, the mechanism of autochorous seed dispersal
makes it difficult to monitor the regeneration process in
nature. The seed dispersal in the Anaxagorea is ballistic
(explosion seed dispersal); this autochorous mechanism
covers a larger distance from the mother trees (Braun and
Gottsberger 2011; Gottsberger 2016). That causes nature
plant regeneration of A. luzonensis in PBG is critical.

The flowering time of A. luzonensis in PBG from this
results study is at the end of the year (December) to the
beginning of the year (January) and continues with fruiting
time until May. The next flowering time will start at the
end of the dry season, so it blooms twice a year and ripens
throughout the year. This phenomenon is called a sub-
annual phenology pattern (Lestari 2019). The phenology
observation based on the detailed BBCH scale can facilitate
and identify standard phenological stages. Besides, it can
be used as basic information for studies related to climate
change and will assist and plan the agronomic management
protocols development (Liu et al. 2015; Varban et al. 2021;
Ferrer-Blanco et al. 2022). The phenological cycle of A.
luzonensis in PBG from the bud's emergence until the
fruits' complete physiological maturity occurred in periods
73-121 + 85 days. At the same time, the phenological cycle
of the atemoya tree is 217 days (Mendes et al. 2019). The
interaction of environmental and genetic factors causes
differences in periods of plant flowering and fruiting
stages. That causes differences in flowering period length
and fruit development (Ariza et al. 2015; Cho et al. 2016;
Sulistiawati et al. 2017). The fruit production of A.
dolichocarpa and other Annonaceae species is a slow
process and takes a long period (Braun and Gottsbherger
2011). The flowering of the species follows either the
annual pattern, have the cornucopia mode of flowering,
with a two- or three-month flower-producing period in the
second half of the year. Anaxagorea, which exhibits the
annual flowering mode and its flowering period from
September to October, has fruit ripened mainly during
October of the following year. The floral scent of
Anaxagorea species contains fruit-like components, and the
pollinators, primarily Nitidulidae, are attracted by deceit
(Gottsberger 2016).

Plant reproductive success is the outcome of the
antagonistic or mutualistic of plants with animals and
plants with their environment. Increased plant reproductive
success is affected by sufficient pollination by pollinators
and supported by a suitable environment (Grass et al.
2018). The reproductive success value of A. luzonensis in
PBG is categorized as low because the percentage is below
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30% (Owens 1993). The reason for low reproductive
success value is caused by high rainfall during the
observation process so that flowers fail, unsuccessful
pollination, flower abortion occurs before and after
anthesis, and fruit failure to ripen due to genetic factors.
Flowers in the southern cardinal direction fall because the
micro-environmental factors do not support anthesis stages.
That is due to micro-environmental factors (such as light
intensity) in the southern cardinal direction, i.e. immature-
sized fruit drop. Some Annonaceae species' flowering and
fruiting periods are affected by micro-climate in mother
trees (Lestari and Figa 2020). Based on Gottsberger (2016),
the Anaxagorea plants' group required luminous gaps for
growth. The low fruit set can affect plant species'
reproductive success. They are affected by the small
population, weather activities, climate, pollination
mechanism, the morphology of flowers, abundance, and
pollinator behavior (Racsko et al. 2007; Cao et al. 2015;
Singh et al. 2018; Graves and Gimondo 2021; Zhang and
Gao 2021).

A. luzonensis is the smallest tree in the Anaxagorea
group, with 0.3-1.5 m in height. The lowest numbers of
secondary veins (5-10) and leaf-opposed to the terminal
inflorescence, outer petals are mostly up to 10 mm long, no
staminodes and stipitate stigmata (carpels attenuate towards
the stigma), long-beaked monocarps (1.5 mm long or more)
and have shorter pedicel than A. javanica. Flower buds
globose to broadly ovoid, brownish or shades of green to
orange, or reddish at the base (Maas and Westra 1984;
Maas and Westra 1985). The fruits of A. luzonensis are
greenish colored, and fruits mature with explosive mode
(Lestari 2014). The flower of A. luzonensis is trimerous
with a whorl of sepals, have numerous stamens, and
usually exhibits 2-4 completely separate carpels (Li et al.
2021).

Based on this research result, plant collection
conservation and seed conservation strategy efforts of A.
luzonensis are (i) Control the sunlight exposure because A.
luzonensis plant collection requires partial to full sunlight.
If the environmental conditions are too dark or low
sunlight, pruning the surrounding trees that shade the A.
luzonensis plants is necessary. Solar radiation is an
important factor in the metabolism of plants with green
leaves because sunlight influences plant production,
thereby increasing the rate of photosynthesis, and increased
sunlight usually accelerates flowering and fertilization
(Amthor 2010; Yang et al. 2021; Osnato et al. 2022). (ii)
Cleaning weeds around the plants because weeds are
competitors for soil nutrients, growing space, and sunlight.
A good growing environment is needed for a plant's growth
and development. This plant growth environment is a vital
requirement for plant growth to have normal growth,
vitality, and production capacity. The requirement for the
growing environment for each plant is different, but the
elements of activity for growth and development needed
for each plant are the same. These elements are light,
temperature, water, soil, air, and plant nutrients (Khalil et
al. 2015; Gavrilescu 2021). Weeds control is managing
weeds by suppressing the presence or population of weeds
to a level that is not economically detrimental (MacLaren
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et al. 2020). (iii) Propagate the plant using seeds
(generative propagation) or vegetative through cutting,
grafting, or tissue culture. Seeds and natural pollination
with insects, wind, or other pollinators can usually be done
for generative plant propagation (Tanawani and Lengkong
2020). Vegetative plant propagation is the multiplication of
plants from their parent plant parts, such as stems,
branches, tubers, shoots, twigs, and roots, to produce new
plants (Chauhan et al. 2021). Another propagation
technique, by tissue culture or in vitro, is an alternative to
produce superior seeds in a short time, under aseptic
conditions quickly, and genetically the characteristics of
the produced plant will be the same as their parents. Tissue
culture can avoid the loss of the conserved heritage due to
environmental changes and keep plants' genetic
background (Tefera 2019; Rather et al. 2022). The benefits
of tissue culture are easier production of healthy plants
with superior properties, faster production with identical
plants, elimination of pathogens, conservation of
germplasm, facilitating breeding programs and an
extremely efficient and cost-effective technique (Hasnhain et
al. 2022). (iv) Give additional hormones to these plants
because additional hormones can usually increase
flowering and add hormones already present in plants.
Some of the hormones given include gibberellin, ethylene,
and kaolin. Gibberellin is a hormone that makes plants
grow quickly because it promotes the formation of seeds,
fruits and flowers, as well as the elongation of stems.
Ethylene is a growth hormone in the form of a gas that can
accelerate fruit ripening, found in fruits and leaves that are
aging. Kalin is a growth hormone that affects the formation
of plant organs such as roots, stems, leaves, and flowers.
(v) Monitoring pests and plant diseases. Pest and disease
attacks can disrupt the plant productivity of flowers and
fruit, along with the growth of these plants (Demolin-Leite
2024). (vi) Regular application of manure or compost. This
application will increase nutrition on land and plant
fertility, increasing the productivity of flowers and fruit.
(vii) Monitoring environmental factors of temperature, air,
and weather that affect flowering and fruiting processes.
Air temperature is a climatic factor that greatly affects
plant phenological processes. Fruit formation is influenced
by various factors, including pollinator effectiveness
(Abrol et al. 2019; Tanda 2022), endogenous factors (Yuan
and Yang 2018; Yan et al. 2019; Bu et al. 2020), the
number and synchronization of male and female flower
maturity (Handayani 2016; Oliveira et al. 2019; Fathin et
al. 2021), and environmental factors (Lestari and Figa
2020; Zhang et al. 2022). Endogenous factors influence, for
example, morphological and anatomical chemical
construction, such as the content of carbohydrates, water,
minerals, nutritional status, and growth hormone.
Environmental factors influence include air temperature,
air humidity, rainfall intensity, light intensity, photoperiod,
and canopy position (Zanne et al. 2015; Yan et al. 2019;
Lopez et al. 2021). (viii) Further research related to the
simulation model of A. luzonensis plants on the influence
of climate factors on plant phenology. The simulation
model could show production projections and future crop
cultivation planning. This method can simulate the
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processes of each plant phase development, biomass
production from each organ in roots, stems, leaves, and
tubers, leaf area index (LAI), and soil water content.
Furthermore, the production projections and future crop
cultivation planning could be examined. Each phase's
longevity under the changing climate, such as temperature
(Kumar et al. 2019; Afifah et al. 2022).

ACKNOWLEDGEMENTS

The National Research and Innovation Agency,
Republic of Indonesia, funds this study. Sincere thanks are
also dedicated to the botanic garden technician in the
Annonaceae family who assisted in the fieldwork and data
collection activities.

REFERENCES

Abrol DP, Gorka AK, Ansari MJ, Al-Ghamdi A, Al-Kahtani S. 2019.
Impact of insect pollinators on yield and fruit quality of strawberry.
Saudi J Biol Sci 26 (3): 524-530. DOI: 10.1016/j.sjbs.2017.08.003.

Afifah H, Sunarya S, Dewi SP, Utoyo L, Sibarani MC. 2022. Modeling
the impact of climate change on general flowering in Bukit Barisan
Selatan National Park, Sumatera. IOP Conf Ser: Earth Environ Sci
950: 012001. DOI: 10.1088/1755-1315/950/1/012001.

Al Kazman BSM, Harnett JE, Hanrahan JR. 2022. Traditional uses,
phytochemistry and pharmacological activities of Annonaceae.
Molecules 27: 3462. DOI: 10.3390/molecules27113462.

Amthor JS. 2010. From sunlight to phytomass: on the potential efficiency
of converting solar radiation to phyto-energy. New Phytol 188: 939-
959. DOI: 10.1111/j.1469-8137.2010.03505.x.

Ariza MT, Soria C, Martinez-Ferri E. 2015. Developmental stages of
cultivated strawberry flowers in relation to chilling sensivity. AoB
PLANTS 7: plv012. DOI: 10.1093/aobpla/plv012.

Bangkomnate R, Damthongdee A, Baka A, Aongyong K, Chaowasku T.
2021. Pyramidanthe and Mitrella (Annonaceae, Uvariae) unified:
molecular phylogenetic and morphological congruence, with new
combinations in Pyramidanthe. Willdenowia 51: 383-394. DOI:
10.3372/wi.51.51306.

Braun M, Gottsherger G. 2011. Floral biology and breeding system of
Anaxagorea dolichocarpa (Annonaceae), with observations on the
interval between anthesis and fruit formation. Phyton 51 (2): 315-327.

Bu H, Yu W, Yuan H, Yue P, Wei Y, Wang A. 2020. Endogenous auxin
content contributes to larger size of apple fruit. Front Plant Sci 11:
592540. DOI: 10.3389/fpls.2020.592540.

Cao G, Xie T, Wu B-X, Yang C-P. 2015. Floral sex allocation and
reproductive success within inflorescences of Hosta ventricose, a
pseudogamous apomict. J Plant Ecol 8 (2): 142-153. DOI:
10.1093/jpe/rtv010.

Chauhan A, Sharma D, Kumar R, Shiwani K, Sharma N. 2021. Methods
of Propagation in Vegetable Crops. New Delhi, India.

Cho L, Yoon J, An G. 2016. The control of flowering time by
environmental factors. Plant J 90: 708-719. DOI: 10.1111/tpj.13461.

Demolin-Leite GL. 2024. Do arthropods and diseases affect the
production of fruits on Caryocar Brasiliense Camb. (Malpighiales:
Caryocaraceae)?. Braz J Biol 84: e253215. DOI: 10.1590/1519-
6984.253215.

Fathin AN, Astuti D, Winarni WW, Ratnaningrum YWN. 2021.
Flowering and fruiting phenology of jackfruit (Artocarpus
heterophyllus Lam.) from Sumatra landraces in ex situ conservation
area in Karangmojo, Yogyakarta. IOP Conf Ser: Earth Environ Sci
914: 012052. DOI: 10.1088/1755-1315/914/1/012052.

Ferrer-Blanco C, Hormaza JI, Lora J. 2022. Phenological growth stages of
"paw-paw" [Asimina triloba (L.) Dunal, Annonaceae] according to
the BBCH scale. Sci Hort 295: 110853. DOL:
10.1016/j.scienta.2021.110853.

Forrest JRK. 2016. Complex responses of insect phenology to climate
change. Insect Sci 17: 29-54. DOI: 10.1016/j.c0is.2016.07.002.


https://doi.org/10.1016/j.sjbs.2017.08.003
https://doi.org/10.3372/wi.51.51306
https://doi.org/10.1093/jpe/rtv010
https://doi.org/10.1016/j.scienta.2021.110853
https://doi.org/10.1016/j.cois.2016.07.002

LESTARI et al. — Flowering and fruiting phenology of Anaxagorea 791

Gavrilescu M. 2021. Water, soil, and plants interactions in a threatened
environment. Water 13 (19): 2746. DOI: 10.3390/w13192746.

Gonda R, Takeda T, Akiyama T. 2000. Studies on the constituents of
Anaxagorea luzonensis A. Gray Il. Chem Pharm Bull 48 (8): 1219-
1222. DOI: 10.1248/cph.48.1219.

Gottsherger G. 2016. The reproductive biology of the early-divergent
genus Anaxagorea (Annonaceae), and its significance for the
evolutionary development of the family. Acta Bot Brasilica 30 (2):
313-325. DOI: 10.1590/0102-33062015abb0311.

Grass |, Bohle V, Tscharntke T, Westphal C. 2018. How plant
reproductive success is determined by the interplay of antagonists and
mutualists. Ecosphere 9 (2): €02106. DOI: 10.1002/ecs2.2106.

Graves WR, Gimondo A. 2021. Phenology of annual dormancy release
and its association with fruit set of Dirca occidentalis
(Thymelaeaceae). Madrono 68 (4): 416-424. DOI: 10.3120/0024-
9637-68.4.416.

Handayani T. 2016. Flowering and fruiting time of Annonaceae species in
Bogor Botanic Gardens. Buletin Kebun Raya 19 (2): 91-104.
[Indonesian]

Hasnain A, Naqvi SAH, Ayesha SI, Khalid F, Ellahi M, Igbal S, Hassan
MZ, Abbas A, Adamski R, Markowska D, Baazeem A, Mustafa G,
Moustafa M, Hasan ME, Abdelhamid MMA. 2022. Plants in vitro
propagation with its applications in food, pharmaceuticals and
cosmetic industries; current scenario and future approaches. Front
Plant Sci. DOI: 10.3389/fpls.2022.1009395.

Indrawardani KF, Maryunani S, Multifiah S, Irawanto R. 2019.
Purwodadi Botanic Garden: Conservation area with sustainable
ecotourism potential. Intl J Bus Econ Law 20 (5): 206-217.

Johnson DM, Bunchalee P, Chalermglin P, Chantaranothai P,
Leeratiwong C, Murray NA, Saunders RMK, Sirichamorn Y, Su Y,
Sutthisaksopon P. 2021. Addition to Annonaceae in the flora of

Thailand. Thai Forest Bull Bot 49(2): 163-172. DOI:
10.20531/tf.2021.49.2.02.
Khalil HPSA, Hossain MS, Rosamah E, Azli NA, Saddon N,

Davoudpoura Y, Islam MN, Dungani R. 2015. The role of soil
properties and it's interaction towards quality plant fiber: A review.
Renew Sust Energ Rev 43: 1006-1015. DOI:
10.1016/j.rser.2014.11.099.

Kumar M, Kalra N, Khaiter P, Ravindranath NH, Singh V, Singh H,
Sharma S, Rahnamayan S. 2019. Phenopine: A simulation model to
trace the phenological changes in Pinus roxhburghii in response to
ambient temperature rise. Ecol Modell 404: 12-20. DOI:
10.1016/j.ecolmodel.2019.05.003.

Kusumayati N, Nurlaelih EE, Setyobudi L. 2015. The success rate three
varieties of Tomato (Lycopersicon esculentum Mill.) in the difference
environments. Jurnal Produksi Tanaman 3 (8): 683-688. [Indonesian]

Lestari DA, Azrianingsih R, Hendrian H. 2018. Phylogenetic of
Annonaceae species from East Java collection of Purwodadi Botanic
Garden based on coding and non-coding DNA sequence. JTBB 3 (1):
1-7. DOI: 10.22146/jtbb.28308.

Lestari DA, Figa AP. 2020. Environmental factors influence on flowering
and fruiting period of selected essential oil plants from Annonaceae.
Biodiversitas 21 (3): 910-921. DOI: 10.13057/biodiv/d210309.

Lestari DA. 2014. Anaxagorea luzonensis A. Gray: A new annonaceae
plant collection of Purwodadi Botanic Garden. Proceeding of 4t
International Conference on Global Resource Conservation and 10t
Indonesian Society for Plant Taxonomy Congress 4 (1): 202-206.
Brawijaya University, Malang, 7-8 February 2013. [Indonesian]

Lestari DA. 2019. Evaluation of flowering and fruiting periods of selected
Annonaceae species in Purwodadi Botanic Garden. AIP Conference
Proceedings 2120: 030023. DOI: 10.1063/1.5115627.

Li Y, Du W, Chen Y, Wang S, Wang X-F. 2021. Serial section-based
three-dimensional reconstruction of Anaxagorea (Annonaceae) carpel
vasculature and implications for the morphological relationship
between the carpel and the owvule. Plants 10: 2221. DOI:
10.3390/plants10102221.

Li Y, Du W, Wang S, Wang X-F. 2020. Organogenesis and vasculature of
Anaxagorea and its implications in the integrated axial-foliar origin of
the angiosperm carpel. DOI: 10.1101/2020.05.22.111716.

Liu K, Li H, Yuan C, Huang Y, Chen Y, Liu J. 2015. Identification of
phenological growth stages of sugar apple (Annona squamosa L.)
using the extended BBCH-scale. Sci Hort 181: 76-80. DOI:
10.1016/j.scienta.2014.10.046.

Lopez ME, Santos IS, de Oliveira RR, Lima AA, Cardon CH, Chalfun-
Junior A. 2021. An overview of the endogenous and environmental

factors related to the Coffea arabica flowering process. Beverage
Plant Res 1 (1): 1-16. DOI: 10.48130/BPR-2021-0013.

Maas PJM, Westra LY . 1984. Studies in Annonaceae. 1. A monograph of
the genus Anaxagorea A. St. Hil. Part 1. Botanische Jahrbucher fiir
Systematik 105: 73-134.

Maas PJM, Westra LY . 1985. Studies in Annonaceae. II. A monograph of
the genus Anaxagorea A. St. Hil. Part 2. Botanische Jahrbucher fiir
Systematik 105: 145-204.

MacLaren C, Storkey J, Menegat A, Metcalfe H, Dehnen-Schmutz K.
2020. An ecological future for weed science to sustain crop
production and the environment. A review. Agron Sustain Dev 40:
24.DOI: 10.1007/s13593-020-00631-6.

Meier U, Bleiholder H, Buhr L, Feller C, Hack H, Hef M, Lancashire PD,
Schnock U, Staup R, van den Boom T, Weber E, Zwerger P. 2009.
The BBCH system to coding the phenological growth stages of plants
- history and publications. J Fur Kulturpflanzen 61 (2): 41-52.

Mendes DS, Pereire MCT, Nietsche S, Xavier HRA, Paixao PTM,
Fonseca MP. 2019. Phenology and thermal requirements of the
atemoya tree (Annona cherimola Mill. X Annona squamosa L.). Rev
Ceres Viscosa 66 (3): 200-209. DOI: 10.1590/0034-
737x201966030006.

Moghadamtousi SZ, Fadaeinasab M, Nikzad S, Mohan G, Ali HM, Kadir
HA. 2015. Annona muricata (Annonaceae): A revie of its traditional
uses, isolated acetogenins and biological activities. Intl J Mol Sci 16
(7): 15625-15658. DOI: 10.3390/ijms160715625.

Nopsa JFH, Sharman ST, Garret KA. 2014. Climate change and plant
disease. Encyclopedia Agric Food Syst 2: 232-243. DOI:
10.1016/B978-0-444-52512-3.00004-8.

Oliveira W, Silva JLS, de Oliveira MTP, Cruz-Neto O, da Silva LAP,
Borges LA, Sobrinho MS, Lopes AV. 2019. Flowering and fruiting
synchronization, pollen number, floral visitors and reproductive
success of Paubrasilia echinata (brazilwood; Leguminosae) in
tropical urban ecosystem in comparison to Atlantic Forest remnant: A
dataset  description. Data  Brief  25: 104177. DOl
10.1016/j.dib.2019.104177.

Osnato M, Cota I, Nebhnani P, Cereijo U, Pelaz S. 2022. Photoperiod
control of plant growth: flowering time genes beyond flowering.
Front Plant Sci 12: 805635. DOI: 10.3389/fpls.2021.805635.

Owens JN. 1993. Biological constraints to seed production in tropical
forest trees. In: Drysdale RM, John SET, Yapa AC (eds). Proceedings
International Symposium on Genetic Conservation and Production of
Tropical Forest Tree Seed 40-51. ASEAN-CANADA Forest Tree
Seed Centre, Thailand.

Powo. 2022. Anaxagorea luzonensis A.Gray.
https://powo.science.kew.org/taxon/urn:Isid:ipni.org:names:72039-1.

Pulatov B, Linderson M-L, Hall K, Jonsson AM. 2015. Modeling climate
change impact on potato crop phenology and the risk of frost damage
in northern Europe. Agric For Meteorol 214: 281-292. DOI:
10.1016/j.agrformet.2015.08.266.

Qu Z, Zhou G. 2016. Possible impact of climate change on the quality of
apples from the major producing areas of China. Atmosphere 7: 113-
118. DOI: 10.3390/atmos7090113.

Racsko J, Leite GB, Petri JL, Zhongfu S, Wang Y, Szabo Z, Soltesz M,
Nyeki J. 2007. Fruit drop: the role of inner agents and environmental
factors in the drop of flowers and fruits. Intl J Hortic Sci 13 (3): 13-
23.DOI: 10.31421/1JHS/13/3/741.

Rather GA, Verma R, Sharma B, Sharma A, Kumar A. 2022. Tissue
culture: A perpetual source for the conservation of medicinally
important endangered plant species. Adv Plant Tissue Culture 373:
393. DOI: 10.1016/B978-0-323-90795-8.00005-9.

Rugayah. 2014. Annonaceae dari Wawonii, Sulawesi Tenggara
Annonaceae from Wawonii Island, South East Sulawesi. Jurnal
Biologi Indonesia 10.1. [Indonesian]

Sarvina Y. 2019. Climate change impact and adaptation strategy for
vegetable and fruit crops in the tropic region. Jurnal Penelitian dan
Pengembangan Pertanian 38 (2). DOI: 10.21082/jp3.v38n2.2019.p65-
76. [Indonesian]

Singh VK, Barman C, Mohanty D, Tandon R. 2018. Relative contribution
of reproductive attributes to the density-dependent effects on fruit-set.
AoB Plants 10 (2): ply019. DOI: 10.1093/aobpla/ply019.

Sulistiawati NPA, Suaria IN, Astiari NKA, Suarta IM. 2017. Study
phenophysiology of the reproductive periode in terms of flowering
induction. SEAS 1 (2): 60-68. DOI: 10.22225/seas.1.2.400.60-68.

Syamsuwida D, Aminah A. 2020. Phenology and potential reproduction
of turi (Sesbania grandiflora) at Cibinong, Bogor, Indonesia.
Nusantara Biosci 12 (1): 577-582. DOI: 10.13057/nusbiosci/n120103.


https://doi.org/10.1248/cpb.48.1219
https://doi.org/10.1590/0102-33062015abb0311
https://doi.org/10.3120/0024-9637-68.4.416
https://doi.org/10.3120/0024-9637-68.4.416
https://doi.org/10.3389/fpls.2022.1009395
https://doi.org/10.1016/j.rser.2014.11.099
https://doi.org/10.1016/j.ecolmodel.2019.05.003
https://doi.org/10.13057/biodiv/d210309
https://doi.org/10.1016/j.scienta.2014.10.046
https://doi.org/10.1590/0034-737x201966030006
https://doi.org/10.1590/0034-737x201966030006
https://doi.org/10.1016/B978-0-444-52512-3.00004-8
https://doi.org/10.1016/j.dib.2019.104177
https://doi.org/10.1016/j.agrformet.2015.08.266
https://doi.org/10.3390/atmos7090113
https://doi.org/10.31421/IJHS/13/3/741
https://doi.org/10.21082/jp3.v38n2.2019.p65-76
https://doi.org/10.21082/jp3.v38n2.2019.p65-76
https://doi.org/10.1093/aobpla/ply019
https://doi.org/10.22225/seas.1.2.400.60-68
https://doi.org/10.13057/nusbiosci/n120103

792 BIODIVERSITAS 24 (2): 784-792, February 2023

Tanawani MM, Lengkong EF. 2020. The influence of the type and
concentration of ZPT on growing media on the growth of plants
orchid (Dendrobium sp.). Appl Agroecotech J 1 (2): 23-26.

Tanda AS. 2022. Why insect pollinators important in crop improvement?.
Indian J Entomol 84 (1): 223-236. DOI: 10.55446/1JE.2021.42.

Tefera AA. 2019. Review on application of plant tissue culture in plant
breeding. J Nat Sci Res 9 (3): 20-25.

Van Heusden ECH. 1992. Flowers of Annonaceae: Morphology,
classification and evolution. BLUMEA Supplement 7: 1-218.

Varban R, Ona A, Stoie A, Varban D, Crisan I. 2021. Phenological
assessment for agronomic suitability of some Agastache species based
on standardized BBCH scale. Agronomy 11: 2280. DOIL:
10.3390/agronomy11112280.

Wang X, Gao Q, Wang C, Yu M. 2017. Spatiotemporal patterns of
vegetation phenology change and relationships with climate in the
two transects of East China. Glob Ecol Conserv 10: 206-219. DOI:
10.1016/j.gecco.2017.01.010.

Yan B, Hou J, Cui J, He C, Li W, Chen X, Li M, Wang W. 2019. The
effects of endogenous hormones on the flowering and fruiting of
Glycyrrhiza uralensis. Plants 8 (11): 519. DOl:
10.3390/plants8110519.

Yang Y, Guo X, Liu G, Liu W, Xue J, Ming B, Xie R, Wang K, Hou P, Li
S. 2021. Solar radiation effects on dry matter accumulations and

transfer in  maize. Front Plant Sci 12: 727134. DOIl:
10.3389/fpls.2021.727134.

Yuan XK, Yang ZQ. 2018. The effect of endogenous hormones on plant
morphology and fruit quality of tomato under difference between day
and night temperature. Hort Sci 45 (3): 131-138. DOI:
10.17221/7/2017-HORTSCI.

Zanne AE, Oberle B, Dunham KM, Milo AM, Walton ML, Young DF.
2015. A deteriorating state of affairs: How endogenous and
exogenous factors determine plant decay rates. J Ecol 103: 1421-
1431. DOI: 10.1111/1365-2745.12474.

Zhang T, Hong Y, Zhang X, Yuan X, Chen S. 2022. Relationship between
key environmental factors and the architecture of fruit shape and size
in near-isogenic lines of cucumber (Cucumis sativus L.). Intl J Mol
Sci 23: 14033. DOI: 10.3390/ijms232214033.

Zhang W, Gao J. 2021. A comparative study on the reproductive success
of two rewarding Habenaria species (Orchidaceae) occurring in
roadside verge habitats. BMC Plant Biol 21 (187): 1-12. DOI:
10.1186/512870-021-02968-w.

Zhu W, Xiaodong Z, Jingjing Z, Liangi Z. 2019. A comprehensive
analysis of phenological changes in forest vegetation of the Funiu
Mountains, China. J Geogr Sci 29 (1): 131-145. DOI:
/10.1007/s11442-019-1588-z.


https://doi.org/10.55446/IJE.2021.42
https://doi.org/10.1016/j.gecco.2017.01.010
https://doi.org/10.17221/7/2017-HORTSCI
https://doi.org/10.1111/1365-2745.12474
https://doi.org/10.1186/s12870-021-02968-w
https://doi.org/10.1007/s11442-019-1588-z

