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Pollen diameter and ultrastructure in genus Bela
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(ZfF 11984 4 3 H 19 H)

Speciation of genus Beta has been investigated
by Ulbrich®® and Coons*® Hybridization of
cultivated beet (Befa wvulgaris) with the wild
species is one of the important breeding tech-
niques for sugar beet, since some of the latter
species serve as new genes source. Some F, seedl-
ings arising from crosses of sugar beets with each
of the species exception with those of section
Vulgares do not survive beyond the seedling stage,
though F, seeding resulted. So it is very difficult
to study their affinities between section Vulgares
and other sections from their chromosomal
behavior of the crossed F, seedling. Studies on
pollen in genus Bela has been mainly carried out
in B.vulgaris concerning pollen germination (7%
male sterility® and ploidy (” In this investigation,
in order to get additional information of the inter-
relationships between pollen morphology and
speciation (! diameter and surface ultrastructure

of matured pollen grains of genus Befa and

artificial 4n plant in B.vulgaris were observed by
means of light microscope and scanning electron

microscope (SEM).
Materials and methods

Species used for this investigation were shown
in table 1. It consists of 3 sections 14 species.
Before planting seeds of species except section
Vulgares were scarified with conc. H,SO, accord-
ing to the procedure described by Stewart (!
The plants were grown in the field or greenhouse
of Agricultural Farm of Hokkaido University.
Pollens at anthesis of each plant were collected on
slide glass, stained with cotton blue, and the
diameters were measured. Measurements were
done 10 pollens of 12 anthers in each material. For
the SEM, pollens were dried with silica gel in
desicater. Number of apertures and aperture

diameter were examined by SEM photographs.

* Laboratory of Industrial Crops, Faculty of Agriculture, Hokkaido University, Sapporo Hokkaido 060
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Results and Discussion

The results of this investigation are shown in
table 1. Classification of genus Befa, summarized
by Coons ** was described 4 sections and 13
species. B.orientalis, B.perenis and B.campanulata
used in this study were not described by Coons **
According to Ulbrich {'* B.perenis is included in
subspecies of B.vulgaris and B.ovrientalis is a vari-

ety of B.vulgaris.

Because seeds of B.nana, which is in another

section (section Nanae), did not germinate,
this species was not investigated. In the case of
lomatogona many of which pollens were sterile,
normal stainable pollens were measured. Statis-
tical analysis has revealed that there are highly
significant differences in pollen diameter except
among 4n sections, within 4n species of vulgaris
and within 4n Patellares (table 2). Pollen diameters

of wvulgaris, maritima, atriplicifolia, orientalis and

Table 1. Some pollen characters in various species of genus Beta.

Pollen Aperture No. of Surface area,”
Codetf Ploidy diameter diameter aperture No. of aperture
(m) (um) (um?)
Section Vulgares
atviplicifolia 1 2 19.83 2.20 38-40 32
maritima 2 2 20.23 1.94 32-42 35
orientalis 3 2 19.88 2.40 32-42 34
patula 4 2 21.68 2.41 48 31
perenis 5 2 19.77 2.30 36-38 34
vulgaris  TKT76 6 2 20.09 2.77 32-34 37
HSY* 2 21.78
MGM 2 22.28
Sp* 2 19.23
macrocarpa 4 26.91 2.56 40 57
vulgaris 4 26.67 2.54 54-56 40
Section Corollinae
covolliflora 9 4 25.46 3.11 30-36 60
lomatogona 10 28.25 3.16 40-50 57
trigyna 11 26.69 3.35 24-30 86
Section Patellares
procumbens 12 2 23.69 2.75 30-36 53
webbiana 13 2 22.00 3.30 22-24 63
campanulata 14 4 26.58 2.47 40-44 53
patellaris 15 4 27.00 2.81 32-44 60

* HSY ; Half Sugar Yellow
SP; SP561001-0
# Code number shows figure number.
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Table 2. Analysis of variance for pollen diameter of genus Beta.

Source of variation df Mean square
Species and,”or Lines 17 119.7695***
Diploid (D) vs. Tetraploid (T) 1 1752.0586***
Within (D) 10 23.5617***
Vulgares (V) vs. Patellares (P) 105.3072***
Within (V) 8 14.1529***
vulgaris vs. others 1 8.6116%**
Within vulgaris 3 24.5234***
Within others 4 7.7594***
Within (P) 1 17.0860***
Within (T) 6 8.0676***
Among section 2 0.0030
Within (V) 1 0.3504
Within Corollinae 2 23.4780***
Within (P) 1 1.0966
Error 198 0.5228

*** . Significant at 0.5% level

perenis are about 20um, those of pafula and
webbiana are about 22um. B.procumbens shows
about 24um in diameter, a little larger than the
above diploid species. On the other hand, those of
tetraploid species show about 27 m. The artificial
tetraploid B.vulgaris shows about the same value
as spontaneous tetraploid species. Nagao and
Takahashi™ has reported that pollen diameter of
tetraploid plant is larger than that of diploid one
in B.vulgaris. Buttler'” has reported that popula-
tion of wild beet are not uniform with regard to
pollen size. He has shown about 20-25xm in diam-
eter. Ford-Lloyd® has reported about 8-18um,
and shown a schatter diagram of pollen grain
diameter and pore diameter. Photographs of these
pollen by the SEM were shown in plate. Pollen
grains of genus Befa, belonging to forate type!”

have many apertures ranged from 22 to 56 in

number, and many thorns about 0.1xm in high on
the surface. The diameter and numbers of pollen
aperture examined also shown in table 1. B.
maritima has the smallest aperture about 1.94xm
in diameter, and /7igyna has the largest about 3.
35um. The number of aperture ranged from 22 of
webbiana to 48 of paiula in diploid species and
from 32 of patellaris to 56 of artificially induced
vulgaris in tetraploid ones. It showed the tendency
that tetrapolid has more aperture than diploid
species. In diploid species of section Vulgaris,
patula tends to have more aperture than others.
Dale and Ford-Lloyd® have shown that this
species is self-compatible. In vulgaris pollen diam-
eter of tetraploid plants show much larger than

that of diploid one. On the other hand, the diame-

‘ter of aperture does not show the difference

between both ploidy levels. To discuss more pre-
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Explanation of plate
Photographs of scanning electron microscope
in genus Beta.

Scale bar (left) indicates 10um..

Figure number shows the same as code number
(table 1)
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cisely, the surface area per one aperture in each
were calculated by the following formular.
Surface Area of Pollen (um?)/No. of Aperture
They were shown in the last column of table 1.
From this, the species of section Vulgares, except
macrocarpa, shows that one aperture locates in 30-
40um? each. On the other hand, those of section
Corollinae and Patellares, except trigyna, show 50-
60um? irrespective of ploidy level. It is very inter-
esting that this value of macrocarpa shows the
difference from others in section Vulgares. Dale
and Ford-Lloyd® have also shown that this
species is self-compatible. The diameter of self-
compatible species tends to have larger pollen
than those of self-incompatible ones. Abe has

studied the speciation of genus Beta by the is-

ozyme banding pattern. They also show the dif-
ferences in macrocarpa in comparison with other
species of section Vulgaris (personal communica-
tion). Pollen aperture of webbiana is a very pecul-
lar appearance showing fewer and larger than the
others. The differences of pollen characters were
obvious among sections. It is presumed that the
pollen characters are different from the ploidy
levels and the breeding behavaviors, such as
compatibility.

The authors wish to express their thanks to Mr.
Kasai for his excellent technical assistance with
the SEM procedures. The authors thanks are also
due to USDA and Sugar Beet Section of the
Hokkaido Agricultural Experimental Station for

their provision of materials.

Summary

The diameters and the surface ultrastructure of matured pollen grains of various species in the genus
Bela are observed by means of light microscope and scanning electron microscope. Clear differences in
pollen diameter are observed between two ploidy levels (2n and 4n), with variations among species.
The diameters of aperture varies from 1.94xm in martima to 3.35um in f7igyna. The number of aperture
in tetraploids are more than that of diploids in vugaris, but the surface area per one aperture is about the
same. In section Vulgares, patula (self-compatible species) tends to have more apertures than the others.
A pollen aperture is located in every 30-40um? of pollen surface in species of section Vulgares, except
macrocarpa (57).

In species of section Corollina and Patellares except trigyna (86) which has fewer apertures and larger area
per aperture, and webbiana which has fewer and larger apertures. A aperture is located in every 50-60.m?
irrespective of ploidy level. This result presumes that the pollen characters differ from the ploidy levels

and the breeding behaviors.
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I. House dust preparation Sand borer

House. dust Mackerel
Pacific saury

Cod

Half-dried Bonito

Yellow tail

“{5):Shellfishes
Short-neck clam

Squid
Lobster 5
Crab e ¢ Apricot
. Clam G Fig
< Abalone Japanese chestnutc,
" Sea-urchin: Bitter oran
Oysterﬁ,._
Octopus

(6) Vegetables
Azuki beans

Kidney beans, dried
Soybeans, immature

Plce flour
Buckweat flour
Bread

Wheat flour

Konnyaku flou Cucumber
Maize flour Arrow-head
Glutinous r BUrdoc.k .
Sweet ipotato
(2) Eggs a ‘ eﬁ’sv with d, immature
Bee whi Chocolate

TER ML Hijikia  fusiformis
Milk (Cow’s) Brsadbéans; immature
Cheese Bamboo shout

Red peppe

Eggplant.

Japanese hone
Bakeri garlici
Wasabia japoni
Asparagus ;
Aralia cordata
Cabbage

Ginkgo seeds

Chicke
Mutton

(4) Fishe
Jack mackérel
Iwashi ]
Bonito
Flatfish
Salmon

Shark
Sea-bream
Flying fish

Flounder

Tuna Japanese cypress (wood)
See-eel Pine (wood)

Eel Rice chaff

Barracuda Head lettuce Smoke (cigarette)
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