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Abstract

Androdioecy is a rare breeding system in nature. The pollination biology charac-
teristics and breeding system of the androdioecious plant Chionanthus retusus
were investigated through field observations and artificial pollination experi-
ments. The results showed that the stamen development process in male flowers
and hermaphroditic flowers of C. retusus was essentially consistent, with both
producing functional pollen grains. In hermaphroditic flowers, the two carpel
primordia fused and differentiated to form a pistil, whereas in male flowers, the
two carpel primordia fused to form an empty chamber that ceased development
until complete degeneration. The pistil was protogynous, with a long stigma
receptive period; pollen remained viable after anther dehiscence, maintaining
viability above 10% for approximately 2 weeks at room temperature. Chio-
nanthus retusus is pollinated by both wind and insects (primarily thrips and
hoverflies). After 30 days of controlled pollination, the natural control fruit
set rate was 34.36%; hermaphroditic flowers exhibited no apomixis, were self-
compatible, but the autonomous selfing fruit set rate was only 10.70%; under
artificial pollination, the outcrossing fruit set rate was significantly higher than
that of selfing (geitonogamy); sexual reproduction was limited by pollinators;
and it represents a mixed mating system. This study confirms that C. retusus
is another functional androdioecious species in the Oleaceae family, which relies
on male plants to increase the quantity and quality of outcross pollen to avoid
inbreeding depression, while the self-compatibility of hermaphroditic flowers en-
sures reproductive success. The pistil degeneration in male flowers of C. retusus
further demonstrates from another perspective that androdioecy in Oleaceae
represents a transitional state from hermaphroditism to dioecy.
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Abstract

Androdioecy is a rare reproductive strategy in plants. We investigated the pol-
lination biology and breeding system of the androdioecious species Chionanthus
retusus through field observations and artificial pollination experiments. The
stamen development process was similar in male and hermaphroditic flowers,
both producing functional 2-cell pollen grains. During early pistil development,
two carpel primordia appeared inside the stamens of both flower types. In
hermaphroditic flowers, these two carpels fused and differentiated into a func-
tional ovary and stigma, whereas in male flowers, the fused carpels formed a
cavity that ceased development and eventually degenerated. The species is
protogynous, with stigmas remaining receptive throughout anthesis. Pollen via-
bility was maintained after anther dehiscence. C. retusus is pollinated by both
wind and insects (primarily Thripidae and Syrphidae), but the spontaneous self-
ing fruit set rate was only 10.70%. Under artificial pollination, cross-pollination
fruit set was significantly higher than self-pollination (P < 0.05). No apomixis
was observed. These results confirm that C. retusus is a functionally andro-
dioecious species in the Oleaceae family, employing a mixed mating system.
The species relies on male individuals to increase the quantity and quality of
outcross pollen to avoid inbreeding depression, while the self-compatibility of
hermaphroditic flowers ensures reproductive success. The pistil degeneration in
male flowers provides further evidence that androdioecy in Oleaceae represents
a transitional state from hermaphroditism to dioecy.

Keywords: Chionanthus retusus; androdioecy; flowering dynamics; pollination
mechanisms

1. Study Materials and Locations

We selected four C. retusus populations for this study: Jigong Mountain Na-
ture Reserve, Tongbai Huaiyuan Scenic Area, Zhengzhou Green Expo Park, and
Henan University campus. The first two are wild populations, while the latter
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two are cultivated introductions. Geographic locations and climatic character-
istics of each population are detailed in Table 1.

1.1 Flowering Dynamics and Floral Morphological Struc-
ture Observations

We tracked flowering dynamics of C. retusus on Henan University campus, ran-
domly selecting 10 male and 10 hermaphroditic individuals. From each plant,
we measured dimensions of floral parts (calyx, corolla tube, petals, stamens,
and pistils) from 30 fully opened flowers using vernier calipers. The flowering
process was divided into five stages: (1) bud stage, (2) pre-flowering stage (in-
florescence expanding with leaves until petals begin to unfold), (3) full bloom
(petals uncoiling from spiral folds, nearly all flowers fully open), (4) late flowering
stage (some petals beginning to wilt, yellow, or abscise), and (5) post-flowering
stage. Starting from bud initiation, we collected flower buds from both male and
hermaphroditic plants daily. Conventional paraffin sectioning was employed for
anatomical observations, with stereomicroscope or scanning electron microscopy
imaging when necessary, using hematoxylin staining.

2. Breeding System Experiments

2.1 Stigma Receptivity, Pollen-Ovule Ratio, and Outcrossing Index
(0CI)

Stigma receptivity was tested daily at noon using the hydrogen peroxide reac-
tion method (OCI = 4:11:22) [?]. Pollen viability at different stages was assessed
through in vitro culture. We selected 30 unopened flowers (with undehisced an-
thers) from each population for both flower types. Ovule numbers were counted
under a dissecting microscope from 30 hermaphroditic flowers per population
to calculate the pollen-ovule (P/O) ratio.

2.2 Pollinator Observations

We selected three plants with abundant flowers from each population to ob-
serve and photograph visiting insects, recording visitation times and behaviors.
Insects were captured, preserved as specimens, and identified by experts. Wind-
mediated pollen dispersal was detected using the gravity slide method: five
relatively isolated trees at Zhengzhou Green Expo Park were selected, with
petroleum jelly-coated slides placed at 1, 2, 4, 8, and 16 m from the trees in
four cardinal directions. Slides were collected after 24 hours and C. retusus
pollen grains were counted.

2.3 Controlled Pollination Experiments

We selected vigorous hermaphroditic plants from each population for the follow-
ing treatments: (1) Open pollination (control); (2) Bagged without pollination
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(to test for apomixis); (3) Bagged with net covering (to test wind pollination effi-
ciency while excluding insects); (4) Spontaneous self-pollination (bagged, unma-
nipulated); (5) Artificial geitonogamy (pollen from same plant, different flower);
(6) Artificial xenogamy using hermaphroditic pollen; (7) Artificial xenogamy
using male pollen. Each treatment included 30 replicates per population, with
only 10 flowers retained per inflorescence. Pollen tube growth was observed by
fixing pistils at 20 min, 40 min, 1 h, 2 h, 4 h, 8 h, 16 h, and 32 h after pol-
lination, staining with decolorized aniline blue solution, and examining under
fluorescence microscopy. Fruit set was recorded one month after pollination, cal-
culated as: fruit set rate (%) = (number of fruits / number of treated flowers)
x 100%.

3. Data Analysis

Floral morphological data were analyzed using two-way ANOVA in SPSS 19.0,
with Duncan’ s method for multiple comparisons. Fruit set data were arcsine-
transformed before analysis. Significance was set at P < 0.05. Data were
processed using Excel.

1. Flowering Dynamics and Floral Characteristics of C.
retusus

C. retusus has a calyx length of 2.358+0.35mmandcorollatubelengtho f2.63+$0.39
mm. On Henan University campus, flower bud differentiation occurred in the
previous year’ s June-July, with flowers expanding in late March. Flowering
time varied annually due to weather conditions. In 2014, buds emerged on
March 20-23; in 2015, they emerged on March 12-14, followed by continuous
cloudy and rainy weather; in 2016, they emerged on March 20-23.

Comparative analysis of 11 floral traits between male and hermaphroditic flowers
across the four populations revealed significant inter-population differences in
anther length and width. The two wild populations (Jigong Mountain and
Tongbai) showed significantly lower values for multiple floral traits. Within
populations, significant sexual dimorphism was observed only in corolla tube
length and pollen number per flower, with male flowers producing significantly
more pollen than hermaphroditic flowers. Other traits showed no significant
differences between flower types.

[Figure 1: see original paper]

2. Floral Anatomical Observations

Scanning electron microscopy and paraffin sections revealed that pollen grains
from both flower types were elliptical with reticulate surface ornamentation.
The developmental process from bud initiation to stamen differentiation was
essentially identical in both male and hermaphroditic flowers, producing normal
2-cell pollen grains after anther dehiscence.
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During pistil differentiation, two carpel primordia emerged at the base inside
the stamens of hermaphroditic flowers, subsequently fusing and differentiating
into a functional pistil with ovary, style, and stigma. Male flowers also initiated
carpel primordia, but after fusion they formed a central cavity that arrested
development and eventually degenerated.

[Figure 2: see original paper]

3. Breeding System
3.1 Pollen Viability, Stigma Receptivity, P/O Ratio, and OCI

Pollen from both male and hermaphroditic flowers showed high germination
rates (>80%) within two days of anther dehiscence when cultured in vitro, grad-
ually declining thereafter. After 10-14 days at room temperature (20-25°C), ger-
mination rates dropped to 34.36%. ANOVA revealed no significant difference in
pollen germination rates between genders (P = 0.277). Both aniline blue stain-
ing and SEM observations confirmed pollen tube growth on stigmas, with tubes
penetrating papillar cell gaps and reaching ovules after 16 hours, demonstrating
that pollen from both flower types is functionally male.

The benzidine-peroxide test showed that hermaphroditic flower stigmas were re-
ceptive during the pre-flowering stage when pollen was still inactive, confirming
protogyny. The overlapping period of male and female gamete viability within
the same flower was 3-5 days. The average P/O ratio for hermaphroditic flow-
ers was 40,000-60,000 pollen grains per flower with a fixed ovule number of 2,
yielding a P/O ratio of 10,000-15,000. According to Cruden’ s [?] criteria, this
indicates a facultative outcrossing breeding system.

3.2 Pollination Vectors

Gravity slide detection confirmed airborne pollen dispersal, with wind carrying
substantial amounts of C. retusus pollen beyond 16 m. Insect visitors included
Thripidae and Syrphidae. Thrips remained inside corolla tubes for extended pe-
riods, with their bodies completely covered in C. retusus pollen under stereomi-
croscope observation. Syrphid flies visited only briefly in sunny weather. The
significant differences in fruit set between net-covered, control, and spontaneous
selfing treatments demonstrated that both wind and insects play important roles
in pollination.

3.3 Controlled Pollination

In controlled pollination experiments, emasculated and bagged hermaphroditic
flowers failed to set fruit, confirming the absence of apomixis. ANOVA of
fruit set rates across treatments showed significant differences among treat-
ments (F = 374.808, P < 0.01). Spontaneous selfing and geitonogamy yielded
fruit set rates of 10.70% and 24.67%, respectively, significantly lower than the
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control (34.36%), indicating self-compatibility but pollinator limitation. Cross-
pollination treatments (xenogamy with pollen from males or hermaphrodites)
achieved fruit set rates of 36.94% and 41.11%, respectively, significantly higher
than selfing treatments and the control, demonstrating outcrossing advantage.

[Figure 5: see original paper]

Population-level analysis revealed that Tongbai had significantly lower fruit set
in open pollination, net-covered, and emasculated treatments compared to other
populations, suggesting compromised pollination vectors at this site. The Tong-
bai study site was located in a mountain valley under a cliff, while Jigong Moun-
tain was situated on a secondary peak near the main summit—essentially a wind
gap. The two cultivated sites were in plain areas. Despite these microenvi-
ronmental differences, artificial pollination fruit set showed no significant inter-
population variation, indicating that Tongbai’s reduced natural fruit set resulted
from pollination limitation rather than genetic factors.

1. Sexual System and Pollination Mechanism of C. retusus

Our survey of multiple C. retusus populations identified only male and
hermaphroditic individuals, with no true female flowers or monoecious plants,
consistent with reports by Soejima et al. [?] and Ma et al. [?]. Combined with
our controlled pollination results, we confirm that C. retusus is functionally
androdioecious.

Floral traits are influenced by both genetic control and environmental condi-
tions [?]. While all populations contained both sexual morphs with stable sex
expression across years, significant inter-population variation in sepal, petal,
and anther dimensions indicated strong environmental effects, consistent with
Song et al.” s [?] observations across Korean populations. However, we found
minimal sexual dimorphism in floral traits, differing from previous reports—a
discrepancy likely attributable to differences in plant age, habitat conditions, or
sample sizes.

Despite large floral displays and high pollen production in both morphs, C. re-
tusus is self-compatible, contrasting with the typical association between large
floral displays and obligate outcrossing [?]. The high P/O ratio may compen-
sate for pollen loss during collection by inefficient pollinators [?]. The absence
of nectar glands, consistent with Song et al. [?], resulted in limited pollinator
attraction. However, artificial pollination achieved uniform fruit set across pop-
ulations, while Tongbai showed significantly lower natural pollination success,
indicating pollinator limitation at this site.

Wind plays a crucial role in pollination, as evidenced by airborne pollen de-
tection and significantly higher fruit set in net-covered treatments compared to
bagged treatments (which excluded both wind and insects). The combination of
wind and insect pollination, coupled with protogyny and self-compatibility, char-
acterizes C. retusus as having a mixed mating system that ensures reproductive
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assurance when pollinators are scarce [?].

Both male and hermaphroditic pollen showed identical morphology and in vitro
germination rates, and both could fertilize ovules in controlled crosses, con-
firming functional androdioecy. While both selfing and outcrossing were com-
patible, outcrossing produced significantly higher fruit set, generating genetic
diversity and avoiding inbreeding depression. The enclosed position of repro-
ductive organs within the corolla tube makes autonomous selfing unlikely, but
self-compatibility provides reproductive insurance during periods of pollinator
scarcity or rainy weather. Ongoing research is investigating whether hybridiza-
tion or selfing predominates in natural populations.

2. Maintenance and Evolution of Androdioecy in C. re-
tusus

Androdioecy is a rare breeding system requiring specific conditions for evolu-
tionary maintenance. Theoretical models predict that male individuals must
have at least twice the pollination advantage of hermaphrodites to compensate
for their inability to set seed, assuming strong inbreeding depression [?]. In our
study populations, male proportions varied widely (39.5%-57.6%), often falling
below the theoretical threshold, a pattern also observed in other androdioecious
Oleaceae species [?]. However, our data may not reflect natural conditions due
to severe wild resource destruction and human disturbance, particularly given
the extremely high market value of seeds.

The evolutionary origin of androdioecy remains debated. Traditional hypothe-
ses propose derivation from dioecy through females gaining male function [?],
while alternative models suggest evolution from hermaphroditic ancestors via
female-sterile mutants [?]. Molecular phylogenetic studies of ash trees (Fraz-
inus) support the latter, indicating androdioecy as a transitional state from
hermaphroditism to dioecy, with concurrent shifts from insect to wind pollina-
tion [?].

Our comparative developmental analysis of male and hermaphroditic flower
buds in C. retusus reveals that both morphs initiate carpel primordia, but male
flowers abort this development, forming a degenerated cavity. This pistillode
presence in male flowers, combined with wind-insect mixed pollination, sup-
ports Wallander’ s [?] conclusion that androdioecy in Oleaceae represents an
evolutionary transition from hermaphroditism to dioecy.
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