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Abstract The sexual and asexual reproductive features of
the graminoid species Arundinella hirta growing at
riversides of the Jialing River were analyzed. It was
found that the total seed mass, seed number per plant, and
sexual reproductive allocation of 4. hirta decreased with
decreasing bank elevation, and plants growing at the lowest
elevations of banks subjected to intense flooding did not
show sexual reproduction. The total plant biomass and the
number of ramifications per plant increased with flooding
intensity, which implies that, contrary to sexual reproduc-
tion, asexual reproduction of A. hirta was enhanced by
flooding.
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1 Introduction

Arundinella hirta is a perennial graminoid species [1],
which is naturally distributed in the riversides of the Jialing
River (a big tributary of the Yangtze River). 4. hirta has a
well-developed root system and is able to grow on unfertile
soils, which makes the species promising in applications
for the bank stabilization of some rivers and streams in this
region [1]. A. hirta plants growing on riversides of the
Jialing River are submersed in flooding every summer. The
duration of submersion and the submersion depth of plants
in water are dependent on the elevation of the bank where
the plants grow.

A. hirta propagates by sexual and asexual reproduction
[1]. In sexual reproduction, seeds are produced and plants
are developed from seedlings by seed germination. In
asexual mode, tillers are produced from a mother plant. In
A. hirta, asexual reproduction is more reliable than sexual
reproduction in terms of offspring settlement and is more
efficient in resource investment, especially when it grows
on riversides exposed to strong disturbances due to flood-
ing every year. Some researchers have discussed the
advantages and disadvantages of sexual and asexual
reproduction of plants [2—4]. On the other hand, flowering
and sexual reproduction of A. hirta occur in a relatively
fixed period (reproductive season), but asexual reproduc-
tion by tiller genesis takes place nearly throughout the
whole year. It is obvious that, as far as the reproductive
season is concerned, sexual reproduction, compared to
asexual reproduction, is likely to be more affected by
flooding. In the Jialing River, the flooding season occurs in
summer, which is the best season for photosynthesis and
growth of plants due to favorable climatic conditions. Plant
submersion caused by flooding reduces the photosynthate
production of plants, and reduction in photosynthate pro-
duction is dependent on the intensity of submersion. It can
be envisaged that, when carbohydrate supply is limited due
to reduced photosynthetic production, whether or not
resource investment in reproduction is efficient is of much
significance for 4. hirta.
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In this paper, we aim to test the following hypotheses:
(1) sexual reproduction of A. hirta is diminished by flood-
ing, and diminution increases with the intensity of water
submersion; and (2) asexual reproduction plays a more
important role than sexual reproduction in plants when
experiencing high intensity of water submersion.

2 Materials and methods
2.1 Species and study area

A. hirta is a perennial graminoid species. It grows naturally
on banks and riversides in the Three Gorges Reservoir
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of flooding. RA(i) and RAC(ii)
indicated the spike mass/total
plant mass ratio and the total
seed mass/total plant mass ratio,
respectively. Differences
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Region. The plant has a well-developed root system and
can grow to a height of 1 m.

The study plot is located at the riversides of the Jialing
River at Dongyang, Beibei, Chongqing (106°25'32"E, 29°
50'55"N). The climate of this region is predominantly
monsoonal-characterized by hot, humid summers and chilly
but mostly frost-free winter [5]. The annual average temper-
ature is 18.4°C, whereas the annual average precipitation is
1,105.4 mm [5]. The study plot is submerged completely or
partially in summer flooding season every year, based on
the water level of the river. In Dongyang, the highest water
level of the Jialing River in the summer flooding season of
2003 was 197.55 m (a.s.l.). In the study plot, A. hirta is the
only dominant species of the plant community.
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2.2 Methods

In the study plot, three parallel transects of different
elevations along the riversides were set (transects with
elevations in the ranges 179-180, 182—-183, and 184—
185 m, respectively). Plants in transects of lower elevations
(179-180 m) experience larger intensity of flooding than
plants in transects of higher elevations, in terms of both
submersion duration and submersion depth in water. In this
sense, bank elevation is analogous to flooding intensity,
and comparatively plants in transects of 179-180, 182—
183, and 184—185 m experience high-intensity, intermedi-
ate-intensity, and low-intensity flooding, respectively.

In November 2003, when seeds ripened but did not
disperse, 300 plants generated by tillering in spring 2003
were randomly sampled from each transect. For each plant,
plant height, total plant mass, number of ramifications,
spike length, spike mass, mass of terminal internode with
spike, number of seeds, and total seed mass were analyzed.
Furthermore, the weight of 1,000 seeds was determined.
All mass determinations were performed after drying at
60°C to a constant weight in oven.

The sexual reproductive allocation of A. hirta was
calculated based on the following formulas [6-8]:

RA (i)=(spike mass/total plant mass)x100%
RA (ii)=(total seed mass/total plant mass)x100%

3 Results
3.1 Sexual reproduction of Arundinella hirta

It was found that 4. hirta plants subjected to high-intensity
flooding did not have sexual reproduction. Sexual repro-
duction only occurred in plants experiencing low and in-
termediate intensities of flooding. For these plants, the
number of seeds, total seed mass, and weight of 1,000
seeds, RA(i) and RA(ii) decreased with the intensity of
flooding (Fig. 1 and 2). However, spike length, spike mass,
and mass of terminal internode with spike did not show any
significant differences between plants subjected to different
intensities of flooding (Fig. 1).

3.2 Asexual reproduction of Arundinella hirta

A. hirta plants experiencing all intensities of flooding had
asexual reproduction. Plants subjected to intermediate-
intensity flooding had more ramifications and higher total
plant mass than plants experiencing low-intensity flooding

(Fig. 3).

4 Discussion

Flooding is a severe stress for terrestrial plants. Due to the
submergence of leaves, both photosynthetic production
and oxygen absorption from the atmosphere are reduced. In
order to obtain sufficient energy to meet the requirements
of metabolic activities, hypoxia or anoxia in plants caused
by submersion forces plants to transfer from aerobic
respiration to fermentation [9-12], which results in
increased carbohydrate consumption for the same amount
of energy genesis (38 mol of ATP generated per mole of
glucose via aerobic respiration, but only 8 mol of ATP
produced per mole of glucose via fermentation). The re-
duction in photosynthetic production and the increase in
carbohydrate consumption are intensified with the increas-
ing intensity of flood. Because of reduced photosynthate
production and increased carbohydrate consumption in
flooding, most carbohydrate reserves of a terrestrial plant
have to be used for maintenance instead of reproduction.
Therefore, if there are some carbohydrates available for
reproduction in plants subjected to flooding, efficient
utilization of this amount of carbohydrates is beneficial to
these plants.

Sexual reproduction has many stages, including flower
primordium formation, anthesis, fertilization, and seed
development. Flooding makes the habitats of A. hirta
unpredictable and unstable, and any stage of sexual repro-
duction could be retarded by flooding. Moreover, even if
all these stages are successfully finished and even if seeds
are dispersed, the seeds might be swept away by floods and
no seedling settlement may be finally accomplished. It is
clear that, for plants growing in habitats prone to flooding,
sexual reproduction that requires a large investment of
resources is not an efficient and safe mode for the pro-
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pagation of plants. In contrast, asexual reproduction of 4.
hirta is realized by tillering, resource investment in tiller
formation is only needed at the initial stage. When a tiller
has produced leaves, the photosynthesis of these leaves is
able to support the subsequent development of the tiller
and, thus, external resource investment from the mother
plant is not needed anymore. Thus, asexual reproduction of
A. hirta living in habitats prone to flooding is more efficient
and reliable than sexual reproduction in terms of resource
investment and survival probability of offspring.

In conformity with our expectations, it was found in the
experiment that A. hirta plants experiencing high-intensity
flooding showed significant decreasing sexual reproduc-
tion compared to plants subjected to low-intensity flooding
(Fig. 1 and 2). Plants in transects of low elevation (179—
180 m) did not show sexual reproduction (no spike was
found). Sexual reproduction was only found in plants in
transects of intermediate and high elevations, and (sexual)
reproductive allocation decreased with increasing flooding
intensity (Fig. 2). The experiment showed that, besides the
seed mass and the seed number per plant of A. hirta, the
weight of 1,000 seeds was also higher in A. hirta plants in
transects of high elevation than that in plants in transects of
intermediate elevation, which implies that not only the
quantity of seed but also the quality of seed is improved in
plants suffering from less flooding (Fig. 1). Compared to
plants in transects of high elevation, plants in transects of
intermediate elevation presented more ramifications and
had higher total plant mass, which implies that asexual
reproduction by tillering plays a more important role in
plants experiencing a higher intensity of flooding than
plants undergoing a lower intensity of flooding (Fig. 3).

Based on the results, it is concluded that the sexual re-
production of 4. hirta growing along riversides of Jialing
River is more suppressed by flooding and plays a less
important role in the propagation of plants.
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