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during Germination
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Abstract With the forms of pistil stigma of " Guiti 2" Chinese water chestnut cultivar during the pollination as the object of observation, we

reveal the pollination process of Chinese water chestnut from the microscopic point of view, to provide reference for Chinese water chestnut

crossbreeding. The results show that the Chinese water chestnut pistil has 2 —4 stigmas which present white filament and vascular bundle

forms, and the vessels on epidermis are thick with long translucent branched hairs; after pollination, pollen grains are tightly bound on

branched hairs, and after identification, the pollen tube can penetrate branched hairs, continue to grow, and transfer the genetic material in

pollen to vascular bundle.
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1 Introduction

The Chinese water chestnut ( Eleocharis dulcis) is a grass-like
sedge native to southern China and India, and it is widely grown
in many countries for its edible corms, mostly in the tropics and
subtropics. It is also grown in Korea, Japan, Vietnam, and the
United States''’. In China, it is mainly distributed in the Yangtze
River basin and the southern provinces'”’, and Guangxi has the
largest sown area, reaching nearly 20000 ha, accounting for half
of the national sown area of water chestnut. With the industrial de-
velopment of Chinese water chestnut, the market places a greater
demand on the varieties of Chinese water chestnut, but the current
breeding of Chinese water chestnut is still based on asexual repro-
duction, which is difficult to adapt to market changes. In recent
years, sedge seed plants have started to receive people’s constant
attention, and researchers conduct many studies on Chinese water

B! traits of blossoming and having

chestnut’s flower season
seeds'® and seed germination”’ | and explore the possibilities in
crossbreeding of Chinese water chestnut. Based on the above re-
search, we carry out observation and artificial pollination experi-
ments on Chinese water chestnut stigma, and study the pollination
process in order to reveal the Chinese water chestnut pollination
characteristics and pollen tube forms, as well as the crosshreeding

phenomenon of Chinese water chestnut.

2 Materials and methods
2.1 Materials

water chestnut variety planted in germplasm nursery of Biotechnol-

The experimental material is " Guiti 2" Chinese

ogy Research Institute, Guangxi Academy of Agricultural Sci-
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ences'®’ | and the flower spikes were selected from robust and dis-
ease-free flowers, stems and leaves.

2.2 Methods
August-September* | and the flower spikes of pistil at full-bloom

The full-bloom stage of Chinese water chestnut is

stage was selected. The imbricate scales of flower spikes were
peeled off with tweezers, and the whole pistil within scales was ex-
tracted for measuring and observation. In December when Chinese
water chestnut seeds were mature, the flower spikes were picked
from robust flowers, stems and leaves, and the complete pistil was
taken after the removal of scales, for observation of structure.
During August-September, 9: 00 — 11; 00 is the best time for
cross-pollination of Chinese water chestnut. The flowers, stems
and leaves were selected from stamen and pistil in full blossom re-
spectively as the male parent and female parent for hybridized arti-
ficial pollination, bagging was conducted immediately after polli-
nation, and flower spikes were taken after about 2 h for sample
preparation and observation'”’. Scissors were used to cut the fila-
ments of flower spikes, and the filaments were observed and pho-
tographed with optical microscope after carefully placing them on
the glass slide wetted with distilled water. After fixation with fixa-
tive, the flower spikes went through dehydration, displacement,
critical point drying, and spraying for observation. The homemade
container was used to wrap around the Chinese water chestnut
flower spikes which were placed in fixative to be fixed for electron
microscope observation. The ethanol with dehydrated ethanol con-
centration of 50% , 70% , 80% and 100% was used for dehydra-
tion", and the electron microscope was used to observe.
3 Results and analysis

3.1 Pistil observation with optical microscope The pistil
stigmas of Chinese water chestnut flower spikes showed white fila-
ment forms, and most of them had three stigmas (Fig. la) while

few of them had two and four stigmas (Fig. 1b). The split point



Kunpeng OU et al. Morphogenesis of Chinese Water Chestnut Pistil and Pollen Tube during Germination 75

of stigma was not entirely in the same position, and some stigmas
may continue to be split into two sub-stigmas in the growth process
(Fig . 1c). Some of the flower spike scales protruding from each
stigma were 5 — 12 mm long, and each stigma was magnified 40
times by the optical microscope to see that it had vascular bundle
form and was crystal clear. Countless branched hairs extended
outwardly from the vascular bundle surface (Fig. 1d), and the
same vessel could extend a plurality of branched hairs by keeping
at a certain distance away. Since stigma grew quickly, there was a
time difference in the extension of branched hairs on the surface,
and the length of the extension was not the same. The mature
branched hairs were about 80 pm long, they would develop later
and be shorter if they got closer to the tip of the stigma, and the
shortest length was about 10 wm. It was also observed that the
flower spike surface gradually turned yellowish after the seeds were
ripe, the scales were always tightly packed, and all pistils and
stamens protruding from scales completely withered. After ripping
scales, it was found that about 1 mm long stigma was still wrapped

inside scales, and was preserved intact with the entire pistil style.

a b

Fig.1 Pistil observation with optical microscope
3.2 Observation with optical microscope after pistil pollina-
tion After artificial pollination of pistil stigma, pollen grains
were densely distributed around pistil stigma ( Fig. 2a), and by
magnifying the pollen grains 40 times with optical microscope, it
was observed that pollen was oval and attached to the surface of
stigma, and was between branched hairs. 2 h after pollination, it
was observed that pollen and pollen tube showed different states.
Some of the pollen grains were closely integrated with branched
hairs through the recognition, and pollen tube was at the germina-
tion stage; some of pollen tubes entered into branched hairs, the
materials inside pollen cell were concentrated at one end of germi-
nal aperture, and part of materials entered into pollen tube; some
of pollen tubes entered stigma vessel, and the materials inside pol-
len were transported outward ; after the transfer of some pollen ma-
terials was completed, it left an empty shell in branched hairs
(Fig. 2b, c¢). Tt was also observed that during the growth process
of pollen tube, the matter inside pollen continued to concentrate at
one end of germinal aperture, moved in the direction of pollen
tube growth through germinal aperture, and continued to advance
with the pollen tube growth. Nevertheless, in the course of trans-

mission, the inner substance of pollen did not make one-way
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The pistil style was about 3 mm long, and flat cylindrical. It
quickly inflated at about one fourth of style near the ovary, and
was attached to the ovary. The hardness gradually increased, and
obvious node was clearly seen at the junction of pistil style and o-
vary. After the seeds were ripe, the style was brownish-black and
naturally curved after peeling the scales, and it was found that a
black tube was in the middle of style after being magnified by 40
times with optical microscope. The pistil ovary showed an inverted
heart and oval shape, and it was light green and translucent at ini-
tial growth stage. After its development, the seed pericarp was
formed, and it was brown, about 3 mm long, 2.2 mm wide and 1.
3 mm thick. After peeling the thick seed pericarp, the Chinese
water chestnut seeds could be seen. Some seeds were very full,
closely stuck to the inner wall of rind, and the seed pericarp was
shiny ; some seeds were not full, and there were many wrinkles in
seed pericarp. Eight jagged bristles grew in lower ovary, and grew
upward symmetrically against the outer wall of the ovary. They
wrapped seeds, and each bristle was about 4 mm long (Fig. 1c).

movement in pollen tube, and there was substance reflux phenom-
enon; the outflow rate was significantly higher than the reflux
rate, but all the materials would eventually flow into the stigma
vessel. It took about 5 —10 min for pollen substance to enter into
all vessels. It was observed that pollen tube was combined with
branched hairs and penetrated into branched hairs; there was no
pollen tube penetrating into branched hairs directly through vascu-
lar bundle; the penetration position was not fixed, and it could be
anywhere. It was also observed that there were very few pollen
grains combined with branched hairs to generate pollen tube, but
pollen tube found no suitable entry point, so it was close to the
surface of branched hairs to grow continuously toward base (Fig.
2d) until it could find a penetration point.

3.3 Observation with electron microscope Through scanning
electron microscope (2500 —3000 times) , the stigma, pollen and
pollination forms of Chinese water chestnut could be clearly ob-
served, and similar to the observation results under optical micro-
scope, the Chinese water chestnut stigma showed a vascular bun-
dle shape, and vessel extended with branched hairs outwardly;
pollen grains were between branched hairs, and tightly attached to

branched hairs; the pollen tube penetrated into branched hairs at
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the top (Fig. 3a) or in the middle (Fig. 3b) of branched hairs.
Under the scanning electron microscope, it was not observed that
pollen tube directly entered into vessel for substance transfer. It
was clearly observed that the pollen of Chinese water chestnut had
a granular surface and a two-layer structure, with thin membrane
in inner wall and granular matter structure in outer wall. The ger-
minal aperture surface of pollen tube was lacerate after pollen tube
germination, indicating that the pollen tube was formed by the in-
ner wall of pollen grain, and the thin membrane in inner wall

broke through outer wall of pollen via germinal aperture to out-

Fig.3 Observation with electron microscope

4 Discussions

(1) In this study, we conduct the optical and scanning microscopy
observation on the forms of Chinese water chestnut pollen grain
and pollen tube during stigma germination, demonstrate the vessel
structure and pollen grain form of Chinese water chestnut pistil
stigma as well as germination form of pollen tube 2 h after pollina-
tion from the microscopic point of view, reveal the transfer path of
genetic material within pollen during Chinese water chestnut polli-
nation, and fundamentally confirm the theory that Chinese water
chestnut is fully available for cross-pollination. It provides a relia-
ble theoretical basis and practical reference for crossbreeding of
Chinese water chestnut, and opens up a new research way for fur-
ther carrying out crosshreeding of Chinese water chestnut. (i)
Through the experimental observation, it is found that pollen grain
is randomly combined with stigma, but not all pollen grains can
germinate ; only when the both ends of pollen grains touch and rec-
ognize branched hairs can the pollen tube be successfully germina-
ted. In addition, the branched hairs protruding from stigma vessel
and densely distributed around stigma, play a crucial role in polli-
nation of Chinese water chestnut. Firstly, the pollen grain bearing

structure constructed on the stigma surface can hinder the continu-

wardly project with thin tube to form a tubular structure, and en-
tered directly into branched hairs after recognition. As shown in
Fig. 3, the germination of pollen tube was located at both ends of
oval pollen tube, so it could be inferred that the germinal aperture
of Chinese water chestnut pollen was near the both ends. The
scanning electron microscopy scale was used to measure the size of
pollen grain and pollen tube. The polar axis length was about 32
pm; the equatorial axis length was about 28 pwm; the pollen tube

diameter was about 4 pm.

ous top-down fall of mature pollen grains and effectively expand
the stigma pollination area. Secondly, only by combining pollen
with branched hairs can the genetic materials of the pollen grains
observed lead to germination of pollen tube. After entering into
branched hairs, pollen tube continues to grow, and genetic materi-
als are eventually transferred to stigma vessel with the continuous
growth of pollen tube, and the relevant binding mechanism needs
further study. In the study, it is found that most pistils of Chinese
water chestnut have 3 stigmas, and sometimes 2 -4 stigmas, dif-

®!. Fach stigma has

ferent from the report of related literature
hundreds of branched hairs, and all the genetic materials obtained
after considerable branched hairs are in contact with pollen, di-
rectly enter into the corresponding vessel, but it needs to be fur-
ther proved about the pollen tube growth stop, genetic material de-
livery and pistil’s transport and regulation mechanisms. The sedge
research is seldom reported, and in recent years, some scholars
have carried out the investigation and research of sedges in Hain-
an, Shandong, Guizhou and other places[gfm] , but it is still at the
resource collection stage; some researchers study the sedge seed
germination' ", Chinese water chestnut is one of the sedge plants
to be studied most, and also a cash crop that can be cultivated on
a large scale, so the research of Chinese water chestnut can pro-

vide a theoretical reference for the study of sedges.
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Table 3 Concentration degree of rural leisure tourism resources in Liaoning Province

Types of tourism resources

Concentration areas

Concentration index

Agricultural resources Shenyang, Dalian, Tieling, Panjin 68.27
Rural scenic view Shenyang, Dalian, Dandong, Liaoyang 63.58
Water scenery Dalian, Dandong, Jinzhou, Huludao 85.69
Geological landform Benxi, Anshan, Chaoyang 82.31
Mountain ecosystem Benxi, Anshan, Liaoyang 76.53

5 Conclusions

From the perspective of tourism resources elements, we use abun-
dance and geographic concentration methods to analyze the spatial
distribution differences in the resources of 149 rural leisure tourist
destinations in Liaoning Province. The results show that most of
Liaoning’s rural leisure tourist destination resources are mainly
concentrated in the central, southern and eastern regions of Liaon-
ing Province; in the main category of rural leisure tourism re-
sources, water scenery, geological landform and mountain ecosys-
tem are relatively concentrated, while agricultural resources and
rural scenic view present balanced distribution; rural leisure
tourism resources are highly concentrated in Shenyang, Dalian,
Anshan, Benxi, Liaoyang and Dandong.
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