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ABSTRACT

HARN, Chang Yawl (Cheanam U, Kwangju Xorea)— Studies on the dimovpism end Transition of disexuality
of heterostylous Polygonaceae— Kor, jour. Bot 3(2): 6—18 1960 The present experiments were designed in
-order to clarify the differences between tlie long and short styled plants and the iransgressive gradition in the
degree of dimorphism among the three heterostylous species of the Polygonus, P. joponica, F. esculentum, and
P. senticosa, based on investigations regarding the floral structure, ecological and physiological traits, the resu-
Its of which are summarized as [ollows:

D P. japonica, although it exhibits typical dimorphism, has undergone so high a differentiation between
long and short styled thaf its long styled individuals behave as if they were female; and short styled individuals
as if male. In long-styled individuals, filament, ;mther, and pollen grains show signs of degeneration, most
of the pollen being abortive, On the other hand, in short stvled individuals, the filament, anther, and pollen
grains have attained remavkable development; the pollen grains are large and fertile, In short-plant the ferli-
lized {lowers readily drop off in every stage of their embryo development, This species has completely lost
the self-fertile property, which is characteristic of the non-dimerphic Polygonum genus, Althugh this specsei
typically exhibits the physiological characteristics of dimerphism in controlled pollination, the short-styled ind-
ividuals bear no seed in mature, thus misleading taxonm:nists to identify the short-siyled plant as male_

2) The morphological feature of the flower organ of P. senticosa.obviously indicates definite dimorphism,
Physiologically, however, no differentiation towards dimorphism was observed, the species still retaining, both in
long and short-individuals, the self-fertile property common to the Polygonum genus. Elaborate examinations
revealed that regardless of the modes of pollination, both fertilization and seed setting flourish, ne differentia-
tion between legitimate and illegitimate unioms being recognizable. This sort of physiological property has not
been observed in the investigations of other heterostylous plants, It is assumed that this species is differentia-
ted structurally into dimorphism, but nof yet physiologically.. In nature, however, this plant would have more
opportunities to be cross-pollinated, i.e,, legitimately combined, than sel{-pollinated because of the developm-
ent of two forms of flowers,

3) In terms of heterostylism, the F. esculentum just occupies the inlermediate position between P. Japonica.
and P seaticose structurally, ecolegically, and physiclogically, Doescripfion of some of the physiological
behavior of the plant will suffice to demonstrate the above facts, While P, japonice has completely lost its
self-fertile property, P. senticosa still retains it wolly. In F. esculentum 2—6% of self-fertility is the result

in illegitimate combination, There occur occasionally hereditary self fertile individuals among some of the F.
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esculentum. P, jabonica have no such individuals. In P. semticosq since complete fertility is the result in
illegitimate combination, it may be said that in this species the occurrence of self-fertile individual is 1002 .

4) P. japonice, by the extreme structural differentiation of flower forms, not only gives the impression of its
transition toward dicecious, but ph&siélogic-ally' it also indicates the sign that the long-style plays the role of
pistil, and the short-style, the stamen, Contrary to this, P. senticosa has developed two forms of- flowers,
thus exhibiting dimorphic features, but no diferentiation has yet occurred physiologically, still retaining fully
the original property of non- d1mm'ph1c Polygonum genus. F. esculertusr takes the intermediate position mor-
phologically, ecologically, and phymologlcally If it is assumed that in these species the transition has taken
place from harmaphrodxte to dlmorphlsﬂ P. japoniea would be the most advanced type and the P. senticosg,
the primitive type and the F, esculentum, the tramsition type.

5) It is conceivable that Polygonum genus, originally homo-styled and self-fertile morphologically 4nd fun-
ctionally, developed a partial allogamous property through the formation of a nectary ‘gland, and some of the
species have attained the means of ensuring more cross-pollination through the development of dimorphism of
flower form, and through alteration of the self-lertile property into a self-incompatible one.  The degree of
changes may vary in different species, with P. jopomics attaining the most advance type, and P. sembicose, the
lcast, Moreover, the changes which P. jgpomicr has undergone are so great that in appearance it exhibits
some of the characteristics of a divecious plant.  These facts lead to the possibility that another course of
differentiation of sex in the sporophytic generation of higher plants may exist {rom hermaphrodite through
heterostylism leading to dioecious,

INTRODUECTION

Numerous studies have been made on the heterostylism of various Plants, since the classical works of DAR~
WIN, by many workers such as SCOTT(1865), DELPTINO (1867), NAGELLI (1884), STRUSBURGER (1886),
JOST(1907), GAIN(1908), SIR‘K(IQIQ), TISCHLER(1918), COREENS(1924), ZOLLIKOFFER(1932), LEWIS.
(1943), present author (1957), and many- others, - ' '

Dimorphism, most prevalent and inferesting among the heterostylism, of Polygonaceae has not been described
yet except for the F. esculentum or buckwheat, extensive research of which has been made by STEVEN (1917,
UBISCH(1923, 1925), GARBER and QUISENBERRY (1927), SCHOCH-BODNER(1930), EAST(1934), FRO-=
LOVA and co-workers (1946), MORRIS (1649), TATEBE (1949, 1953), SLOVIEV (1952), ESSER C1953), the-
present author (1957), and others, The reason why heterostylous Polygonaceae has not been reported 'yet 1s
due exclusively to the fact that no heterdstylous species have been known to exist in this family except for the-
F. esculentusn just mentioned above, .

Durmg his stuches on the fertility and other physiological pl‘OpEIUES of Polygonum genus of Polygonacede_
the present author happened to discover through the investigations of floml struciures,. fertility, pollen tube
growth, and the fert111ty of pollen that the Persicgria japonica, known in taxonomy as dioscious plant whose
male individual,does not set. seed(botamcally seed) and whose female plant ehcluswely bears seed, is in reahty
not diocecious hut typical dimorphic form morphologically and phjsxologu,ally That is, it.was discovered that
thxs’a.pecnes has, two kinds of flower forms, one long-style short stamened. the other,.shgrt ‘s}:yle-long stamened,
Both styles set seed well regardless of the forms of {lowers when legitimate combinations were made aﬂifjcia--
lly. The peculiar behavior of thilsu species, however, has led to the conclusion that this plant is ass_\.lméd to be-
._the most highly advanced type.of dimorphism, the fact of which misled the taxonomists to r_ecognizé it as the-
dioecious plant. -

* Polvgonums= Persicaria

Periicaria japonica (Polygonum japonica)
Persicaria senticosa (Polygonum senticosa)
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Fagopyrum eseulentum (Po]ygonum csculentum)

Fasthermore, «in his investigations ol Persicaria senticosa, described in taxonomy as a plant one form of
flower, the author has found.out that this plant has typical dimorphic floral structure, V ie., two forms of
{lowers, long and short styled, and that the physiological behavior is rather different from those of c-onveintio-,
nal hetergstylous species. In this respect this species, too, is considered to manifest a peculiar type of dimorp-
hism; some, properties of which appear to be just the converse of P. japonica. - r

Through, the careful studies concerning the three heterostylous species, P. japonica, F. esculentum, arhld P,
senticosa, it has been clarified that although these three species are typical dimorphic plants morphologically,
ecologically, and physiologically, there exists gradual gradation in the extent of dimorphism among them.
That is to say, P. japonica has lost completely the self-fertile property which is the universal characteristic of
the non~heterostyle Persicaria (Polygonum) genus; the long-style pollen egrain of this species is extremeh-r
sterile while those of short-style are fertile and viable, In general, some of the morphological traits and the
functional behavior of -P. jgponice have so much altered as to give the impression that it has changed or is
changing to dioecious,

P. senticosa, on the other hand, unlike the P. jzponics, shows no sing of dimorphic character physiologically,
still retaining the self-fertile property common to the non-heterostyle Persicaria species, although the floral
organs show the typical dimorphic structures, Buckwheat takes the intermediate position of these two extremes
in many respeets,

In view of the facts that these three species of dimorphic Polygonum genus are different greatly in the
extent of dimorphism. careful studies were designed to make comparison of further dimorphic differences mor-

phologlcally, ecologlcally, and physiologically.
MATERIALS AND METHODS

Materials nsed in this experiment were those collected fmm various par-ts of the country and‘have been raise
ed for several years, They were planted in pots and in the open field respectively, . L - ‘

Measurements of the [lpral parts were made with utmost care and precision.

Some of the ecological traits, the measurrements of which are somewhat difficult, such as the nectary gland,
were judged by rough estimation or observation, .

Pollination, emasculation, microscopic works, and other expenmental methocls were carried out by the meth-

ads described in the present author’s earlier papers.
RESULTS AND DISCUSSION

In the term, “heterostylism® are included various types of forms like thdse given below:

1) ‘Two forms of flowers in which occur no difference in the style length, but marked difference between
the filamert length of the two flowers. This kind of heterostylism is {ém;ed as homostyle-heteroanther.

2) On the other hand, there are certain plants which have two kinds of individuals with different flower
forms iﬂ which the cqnditions of the style and filament are exactly the reverse of the type descriBed in (1D,
that is, heterostyle-homoanther, ' ' -

3) The heterostylism which draws the hotanists’ attention most is the form in which one individnal has a
long style-short stamen; the other, a short style-long stamen. In this form of heterostylism the stigma of the
long-styled flower stands at the same level as that of the short-style anther and the short style stigma stands
at the same level as that of the long style anther, This form is termed as the hetero style-hetero anther. The
term heterostylism in most cases refers to this type. Among the forms of heterostyle-heteroanther, however,
there occurs two kinds of hetero style-heteroanthered flowers, one of the examples of which are noted in the

Primula, Fagopyrum esculentum or common buckwheat, Fortysia suspansa, and the like; the other is observed
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~in the flowers of Oxalis in which here occurs thiee kinds of flowers each -with different.length of styles and
.filaments respectively, Notably in Oxalis two forms of filament of different length are present in single flower.
iThe elaboration of this kind of heterostylism is zeally exquisite, In such a complicated heterostylism, the
mechanism on the mode of pollination and fertility is accordingly complex.

. As stated thus far, in the heterostylous plants are included various kinds of forms, of which the really inte-
_resting one is the heterostyle-heteroanther type which is rare. In this, country less than 20 species appears to
exist, of which three species helong to Polygonaceae.

Among the three species of heterostylous Polygonaceae, the F. gsculentum (Pol ygonum esculentum) has bcen
well-known and extensively investigated; the other two are Persicaria japamca (meissner) Gross et Nakai Cﬂal-
Jgonum jatonica) and Persicaria senticose Nakai (Palygonum senticose Fr & Sav.), the dimorphism of which
has been recently discoverdd by the present author. ]

‘What are noteworthy discovered through the investigations of the above mentioned ihree heterosiylous Poly-
.gonum genera are the facts that(1) although these three species are definitely dimorphic plants, the exient of
1_'climorphic differentiation is remarkably varied, that is, ceriain species have undérgone extreme alteration toward
heterostyiism, while in the other shows the signs of dimorphism exclusively in morphological traits; (2) there
exist notably in Polygonaceae numbers of heterostyle~hetercanther type, the heterostylism which is of rare oce-
urrence in nature,

‘When comparison is made among the above stated three dimorphic Polygonum species, there is observed
«lear- cut distinction in the degree of dimorphism among them. That is, in the P. joponice marked differences
~morphological and functional, and in the floral organs, exist between the long and .short styled flowers, The
stamens of long styled indiviual show the sign of deteriolation whith the pollens having been almost- reduced
to sterility. Furthermore, the dropping of the fertilized flowers or maturing seed is the outstanding physiolo=
_gical features in the short-styled plants of this species, The self-fertile property so characteristic of the non=

heterostylous Polygonum genus has disappeared completely. with the behavior of pollen tube corresponding to
the mode of fertility, P. japonica in many respects displays the appearance of dioecious plant.

On the contrary, P. semticose that exhibits typical dimorphism in the primary structural difference of Iong
and short styles, shows nearly no dimorphic differentiation physiologically nor for the most part morphologic-
"ally, still retaining most of the original pfdpérties of the non—h-etemstylous_-Poiyéoﬁﬁm species, The conspic-
iuous common feature in connection with the fertility of heterostylous plants is that legitimate combinations
yield good seed-setting, while illegitimate unions produce no or poor fertility. Contrary to this common: prop-
erty, P. senticosa sets seed well regardless of 1he modes of combinations, still preserving the self-fertile chara-
‘cter This physiological feature is apparently a deviation from the heterostylous plants’ characteristic common
) _Droperty. Some of the behavior of this species in pollen tube growth and in fertility appears to be just the
reverse of P, japonica.

In F. esculentum, differentiations between long and short styles in the floral siructures, fermhty, and pollen
tube growth are observed to have proceeded considerably in many respects approching those of P. jzponica; but
An certain ways remained. undifferentiated, as a whole giving the impression that this species is just tak‘ing the
intermediate position in the transgressive transition from home-styled, self-fertile non-heterostylous Polygonum
1o hetero-styled, self-sterile dimorphism,

As described so far, the above mentioned three species, although each typically dimorphic, show gradual
gradation in their dimorphic structures and behaviors, This investigation was designed to further clarify in
much greater detail the -extent of differencé supposed to exist among three dimorphic species,

Another interesting feature which draws ‘one’s attention is the fact that there occurs especially in this family

considerably numerous heterostyle-heteroanther type heterostylism which is of rare occurrence in other families,

9
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In the genis of Polygonum (Persicaria) there exist tens of species whose modes of pollination and fertilizat~
. jon have been~investigated to be mostly of partially allogamous autogamy with homostyled floral structure,
< Furthiermore, all these species epually have slightly developed nectary glands, The extent of the development
of the nectary gland seems to be little as compared with that of three dimorphic species thus far mentioned. -
In view of these facts the following spé\:ilatidn mé\y be made: Originally the Polygonum genus had the
self-fertilizing property with the homo-styled floral structure, Some of them, however, have undergone rema-
rkable changes morphologically and physiologically, ie., the floral structure has taken the structural transfor-
'mation of dimorphism with the resultant alteration of mode of pollination toward cross-pollination; and certain
species have made mmultaneoualy the physiological Chclnae‘w, selfsterility or cross-fertilization, If these assum-
ptions are “to be correct, the P. japonico would be the wost differsntiated type. This type has not 6nly changed
to dimorphism structurally and physiologically, but some of the profoundly altered parts indicate the sign of
dicecibus features‘ - o
In order to clarify further these assumptions and to make clearer the degree of dimorphic difference existing
among lhe above mentloned three speue:,, the e}q)erlmexlts on the structural, ecological, and physiological diff-

eTences were attempted the results of which are given below.
@)) MORPHOLOGICAL AND ECOLOGICAL DIFFERENTIATION

a. Differentiation of styles
Careful measureménts of the style length and diameter of the three dimorphic species of Persicaric genus,.
P. japonica, F, aswlentum, and P. senticosa were made' the chfferences between the long and short styles of

respecme species and the degree of differences among three spec1es were cornpared

“Tab. T o Style size
© P, japonica - . a_— ~_F. esculentum H_ P. senticosa d
L S 52 - s Sx . 1§ Sx
Length of style . 100 53 . a7’ 100 31 64 100. 51 17
Stylé diameter - 7100 93 7T 100 105 43 100 100 -

As is shown'in the Tab. 1, the style lensblh is rnalkeclly longer in the long styled plants than in the short
styled mdwxduals in all three Specxes Style length-is regarded m heterostylmm as the most conapicuous feat-
"ure along Wlth that of {ilament ‘length, and these differences are termed as primary differences. The styi’e-
diameter ] 15 larger in the long :.tyle in the case of P. jazpomicz with statistical significance, No differéncé,
however, is measured in the P. senticosz. = In the F. esculentus the style dlameter is a little longer in the
short style with no great &gmfmqnce The amount of difference between the two styles in diameter is greaé-
s

est in the P. ]apamca, least in the F. sentzcosa, the F esaulentum taking just the intermediate posmon

b. leference of stigma

Tab ]I Stig}na- size
. P. japonica d F. esculentmﬁx_’ d P senticosa d
L s Sx L s Sx L s S%
Stigma, lenpthwise 100 125 12 100 94 3,6 100 127 6
Stigma, crosswise 100 135 24 2100 - 91 56 100 .86 56
Sige of stigma - - - - . - - + £
Stigmatic papillae — — . — - . - —
Number of stigma 2 2-3 3 3 - 3 3

0
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" The.size of stigmi of the P. japomica is strikingly lafger in the short styled individvals than in the long
styled individuals, whilé fHere is observed a slight differénce in the P. semticosz in which the lengthwise stigma
is larger in the short styléd individuals and the crosswise length is conversely larger in the long styled plants.
Both lengthwise and crosswise length of stigma is larger in the long styled plants in the case of F. esculent-
um, but the degree of dxfference is not so great as that of P.jzponica.

In P. japonica there occtrs outstanding stigmatic paptllae or cellular !;')utgrowth in the short styled individual
exclusively, F. esculentum has no such outgrowth in either siyle whereas the long-style of P, esculemtum has a
slight sign of such outgrowth. S
‘ The stigma along with the style is parted definitely into two in the long styled individuals of P. senticosa,
but in the short styled individuals occasionally three stigma occurs, No difference in the number or stigma is
ohserved between the styles in the F. esculentumn und P, senticosa requclwely, both styles of the two species
alike having equally- thr_ee parted stigmas,

In general P. juponica has marked difference between the two styles in the size, outgrowth, and number of

stigma, No particular difference between the long and short styles.is observed in other two species,

c. Ovary
Tah. T . Ovary size
__P. japonica : 3_ F. esculentun}‘ _i__ _ P, senticosa___ ‘CT_
L s Sx L s Sx L S 5%
Ovary, lengthwise 100 104 15 100 117 4,4 100 103 0,7
Ovary, crosswise 100 124 6,8 100 110 2 100 92 1,1

In P. japonjea the difference between the long and short-styled plants of the length of the ovary is L: S=
100:104, that is, the difference is slight, but the significance is great. No difference is noticed in P. senticosa,
while the F. esculenfum has the ratios of L: $=100:117 with not so great significance. On the other hand,
the crosswise length of ovary of P. juponica is much iarger in the short-styled individuals than in the long
styled individuals., No such difference is observed in the other two species,

The differentiation of ovary size as a whole is great in the case of P. japonica, but no difference is observed
in the P. semticosa, F. esculentum appears to occupy the intermediate position. -

d. Filament length

Tab. ¥ ' . Filament size L
P. japonica a__ F. esculentum CT_ P, senticosa | . - CT_
L s S« . s Sx L g - 5%
Filament, [éngthr -~ 100 - 227 77 0 10U © 2257 T2 7 100 73 © 0 83 77 °
Filament, diameter - 160 w07 - - 5 S0 ¢ T21 - 10 100 100 —

ous characters and is termed as a primary chfference, along with the style length, In the measurements of the
filamenti length it was observed that the filament length is far larger in the shortstyles in any of the three
species in question, and. the stigmas of long: qtyles stand-at the same level-as the position of short style anthe<
rs, and the short style stigmas stand at-the same Jevel zs the long style anthers, thus facilitating the preferre-
nce of cross-pollindtion rather than the self or like- style pollinations. The extent of difference between the
two styles of the filament, howeveff, s gfeater in the P. japomica and F. esculentum, and in the remaining
species the degree of difference is a little less as compared with the former two tpecies.

e. Differentiation of anther

Tah., V : - Anther size
11
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oo P, japonica *__a:__ " F. eséiﬂé{tﬁh‘f' = 5']_- - P. senticosa ' {
YhLL LT e L g o ':Sx oL RANIIE g - 8x L g © o Bx
" Anihsf; length 100 151 32 100 119 § 100 108 1,4 |
“Anther, width -~ - 00 . 117, - 35 100 128 116 100 97 0,07 =~
3+5 condition R R T e I I -+
pof stamen - ) apparent 3+5 | 3+5 3+ . . 345 : 3+5
. Stamen number - 5-6 8 -8 8 . & . 8 )

The anther length of P. japonica is greater in the short styled individuals with the ratioes of L:S=100:151,
Although the anther length of F. esewlentum is greater in the short-styled individuals, but the difference is
far leds -ascompared with that of the P. jeponice. As for the P, smticesa no particular difference bdtween the
anthers of two styles is noticed. The difference of anther width btween the styles and the extent of differen-
tiation between the three species is almost identical to those of anther lengéh, with the P, jeponica being severe,
none in the P. senticoss; and F. esculentum taking the intermediate position. In this widy the anther appears
to be well-developed in the short styles in thie cases of P. jepomica and F, esculeniwm, but no difference has
taken place in P. senticos.

Particularly noteworthy is the {act the long style anther of P Jjaponica shows the sign of degener’ition" while
the short-style anther gives the dppedrance of fu]l development In the P jajlaﬂ,zca the reduction of number of
pol]en grain, too, is noticeable, )

“Is the above three dimorphic species alike the stamens are attached to the petals, that is, the stamens and
petals have formed the condition of adnation with 5 stamens in outer whorl and 3 inside, the condi,tions of
which is supposed to aid in ensuring the cross-pollination by insect-visitors. This 3+5 ‘ondition of stamen is’
distinct in either style of F, esculentum, and in the ‘short styl_-e in case of P. jayonicg But in the stamens of
the Ieng sfyled individuals of P, japonica 'such a trait js rather indistinctive, This [is due mainly to the det‘
that in P, japamca the ‘stamen number has reduced to 5=6 in the long styled md:wduals P sentacosa, alscs,
Has t.he stamens of 3+5 in either sty le but it is not 30 obvious as in the former two spec;es

The number of stamens in the P jzponica is 5—6 in the long style and 8 in the short etylc, thus) existing
clear -cut difference in the number of stamen between the two styles The remaining two species have ,:esimct-,
ively 8 stamens in both styles alike. s ’

As stated above, in P. japonice thereis marked dlfference in the stamen and anther between the ]ong and short
style, but no difference is noticed i in P. .senticosa. - F esculentum appea:s to be tmnmngnal in. this: I‘DSpe.Lt £00..

f. Differentiation of pollen. R

“Tab. VI ' Pollen
o . _P_ japonica ' T%_ F. esculentum | __E__ P. senticosa __171:
L. L - S Sx . L s .oSx L g Sx
Pollen size: — FREE 18 — NI 30 - At 18
' A.I.Jdrtive pollen R o - ’ ' + - » — -
" Amount of pollen - + - + — RS

The pollen grain size of short styled individuals is outstandingly larger in the three species alike, This
tendency is true in any of the heterostylous plants including the dimorphic Polygonaceae so far -investigated.
It seems to be of primary Jimportance-in-the consideration of heterostylism that the short style pollen grain is
invariably larger in hetemstylous plants, .

In the P, japonica the abortion of the majority of long style pollen is the characteristic, whereas those of
short styled individuals are fertile and appear to be well-developed. In F. esulentum eight out of 474 long-
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style polleh grains examined were abnormal, while two short style pollen- out of 450 were abortive, the statist-
ical significance of the difference, however, being not apparent. In P, senticose both kinds of pollen alike
were completely fertile, giving no indication of abnormality in either of the pollens, As described, marked
differentiation in the function of pollen grain is observed in P. japonica, but in the P. senticosa. E. escudent-
um shows slight sign of degeneration in the long-style pollen. Tt is supposed to be major importance ine
consideration of the transgressive change of the heterostylous Polygonaceaé that the long style pollen grain of
P, japonica has changed to be ahornve~ In heterostyhsm if it is assumed that with the further alterations, in
the long styled individual of the fe‘x.ﬁa-le organ and in the short styled individual of the male, the long styled
- individual eventually may change into- the female and-the short styled into the male individual, the fact that
in P. japonice the anther and pollen gram of short styles are developed Well and conversely the pollen grain
of long styled plants have reduced: to be ahortive, together with the primary difference, obviously indicates that
this species has undergone or is undergomg changes toward dioecious plant In fact, in P. japowica some of
the functions of long and short styles has made changes into fernale and male respectively as is ‘shown in the
subsequent experiment. (Expt, 11D _ X

This species is known in taxonomy as dicecious plant with the short styled individual being the male plant
which is unable to bear seed. In hand pollination, however, when legitimate combination is made the so-called
male 1nd1v1dua1 is capable of settmg a considerable number of seeds as well as possessing good fertxhty, thus
d1spl'1ymg a marked difference in need- -setting between natural fertlhty and artificial polhnatxon “This pecuhar
behavior 1s largely responmble for the numerous sterile pollens of long styled individual. When artificial pols
Jinations are mad_t_e_, as the works of pplhnatlox}_ls “undertaken with _utmost C__a:l‘e almost every flower of the short
styled individual of this species would have the opportunities to receive the fertile long style pollen al_tho‘:xgh
the number is very few, In nature; on the contrary, there would be few chances that the short styled flower
would receive the fertile long style pollen though this is splendid entomophilous plant whose well developed
nectary glénd and numbers of visiting insects appear to be much greater than the well known entomophilous
species of closely allied -plant, F, e-sculef_-ztum or buckwheat. Furthermore, this plant has the property of its
fertilized flower or maturing seed to drop readily in every stage of its development in the short styled plant
as will be described later. o

The fertility or viability of long style pollen of P. jzporica is highly variable, When the lo-ng-style pol-
len was stained with iron-aceto carmin, épf)roximately 70% of them are-empty in contents. The femaining 30
25 of the stained pollens are variable in their stainability, that is, they are mostly stained iﬁ light red colo}:
with very few pollen which are stain in dark brown color, while nearly all the.pollens of short styled plants
;are stained dark brown which is supposed to be fertile with sufficient cytoplasm and abundant -cyioplasrx;ic‘ sub-
stances- In addition to it, toward the end-season or apiyroaching the end of the plant’s life span there occur
abundant giant or micro pollen grains supposed to be due to the meiotic irregularity, This kind of abnormal-
ity was found to be much greater in the long styled individual.

The rare chance of fertile long style pollen alighting onto the- stigﬁlz-i of short styled individual in nature
and the tendency of seed dropping particularly in the short styled plants appear to be the causes that the short
styled plants behave like the male individuals,

g. Flower size Tab. VI Flower size
P. japonica . . esculentum . __P. senticosa
- L 8 L 3 L s
Petal size - -4+ — - o — -
Sepal size - -+ . _ - — .

13
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- There exists great difference in the size of flower betwetn the two styles of P. joponice with the long style’s
sepal and petal being much smaller. No difference is noticed between the two styles in the other two species,

H. Nectary gland

Tab. Il ) © Nectary gland
P, japonica F. esculentum P. senlicosa
1 s L S L S
Amount of nectary ++ A+ ++4+  FHt + o+

Number of insect visiting ++ F+ Ft ++ + +

The extent of development of nectary gland and the number of visiting insects failed to be measured precxs-
-ely, but they were made through crude ohservation. As a general rule, in P. japonica and F. esculenium alike,
-Jrrespectlve of the forms of styles, the nectary glands are well developed and the insect-visitors were abundant,
‘while in 'P. senticosz the reverse was the case. The former two species.appear to be more entomophilous than
the latter, It is interesting to observe the fact that the degree of the ecological traits of these species more or
less parallels to the amount of differentiation in the floral structures, -

1 Habit of flower blooming

Tab, X - Blooming habit
- P japoﬁica R F. esculentum P. senticosa
L S L s L S
Time, blooming * 4+ - s - +
Time, anther dehiscence - ++ -~ T — -
o aieieanes late 4 e early

 In the three species alike the times of flower blooming and the dehiscence of anthers are earlier in the long
styled inclividualls_ Mostly in the long styled individuals of both P, japomice and F, esculentum the flower
opening and anther spilitting were found to be 30-40 minutes earlier than in the short styled individuals whe-
-mas'really slight difference was the case between the two styled individuals of P. senticosa. _
. Through the experiments concerning the floral structures and ecological traits, it was found that the P. sent-
icosa, though distintive and outstanding between long and short style in its primary difference, has undergone
little alteration in other morphological and ecological features not only between the two styled individuals but
glso as heterostylous plant, still retaining much the original characteristics common io the Polygonum genus.
In P. juponica. however, ihe high degree of difference between the two forms of flowers regarding primary and
secondary morphological features together with the ecological and functional differentiations are conspicuous,
some of the structural and functional traits apparently showing the dioecious features.

Although the change of F, esculentum as a dimorphic plant is far advanced it is nontheless inaccessible to
that of P. japonica, It may be fair to take F. esculetnium as occupying the intermediate position between the

other two extreme species in its. course of heterostylic alteration if such assumptions are to be correct,
(II) PHYSIOLOGICAL DIFFERENTIATION

As mentioned_above, it has been found the that there exists not only differences in the structural, ecological,
and some functional .traits between the long and short-styled individuals, but also there exists clear-cut transg-
ressive gradation in the degrees of difference Bmong the three dimorphic Pelygonum species, P. jeponica, F.
gsculentum, and P. senicosa. '

In order to compare in connection with the above results the physiological feature of the three species, their

14
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fertility behavior was investigated.

“a, Difference in the fertility -

Tab, X Differentiation in fertility
P. japonica T esculentum P. senticosa
L S L S
Self-fertility — - -+ + ERER ERTR
: 0%. 0% 2—6G% 2—6% 1002 100
Ditference of fertility between - (LS (SxL)
LxS & SxL +++ - — - - —
Qccurrence of self-fertile individual — - 4= + . + ++

In the series of the author’s experiments on the dimorphic Polygonaceae, no instances occurred where self-fe-
rtilization succeeded in the P. jgponica regardless of the forms of flowers. It has been clarified further that
mist of the non-dimorphic Polygonum (Pericarid) species are homo-styled i their floral structure and self-fe-
Ttile with 0CC%[SiOllal cross-fertility. P, jopomica appears on the one liand to have completely lost the self-fertile
property common to the genus, and on the other, to have undergone the highest structural deviation of dimor-
phism from the original homo-styled [loral structure, In other words, this species has undergone the furthest
«changes from the original forms of its Polygonum genus., On the other hand, F. esculentum, well-known as
self-sterile crop plant, still retains its somewhat self-fertile property in both styled individuals although it is
very slight (2—6%). P, seinticosa, morphologically typical dimorphic plant, does not exhibit the slightest
indication of self-incompatible property in either styles, and it still wholly retains the self-fertile character so
commion to the non-dimorphic Polygonum genus. In the property of self-fertile ability, too, there exists distin-
ctive order among these three dimorphic species, arranging in order P, japonica (not self-fertile), F. esculentusm
(slightly self-fertile), and P. senticosa (fully self-fertile). .

In the present consideration so far made, the self-fertile property has exclusively been dealt with, Exactly
similar results were obtained in the fertility between like style crossings, That is, P, japonica is not fertilized
nor sets seed in the illegitimate combinations whether it is selfing or like-style.crossing,. F. ssculentum gives
slight fertility (2—6%) in illegitimate unions while P. senficose set seed as well in illegitimate pollinations as
in legitimate ones.

In the legitimate combinations of P, jeponica, I x S and 5 x L, when Jong styled individuals were used as
the mother plant both fertility and seed formation proceed normally regardless of whether the pollinations are
artificial or in nature. On the contrary, when short sivled individuals were used as the mother, a]mbst no
fertility was obtained in nature; but in the hand pollination in laboratory good fertility resulted although seed
maturity is somewhat poorer compared with the case of L x S, due mainly to the nature of the seed dropping
{endenty in the short styled plants, No such difference in fertility or seed setting as is observed in P, japonica
~was noticed between the L. x S and § x L combinations in the other two species, F, esculentum nor  P. sentice
osz.  In this respect too, F, japonica is greatly different in its behavior in fertility from the remaining two
species, prompting the speculative suggestion that in P. jgponice the differentietion between the two styles has
so procesded that the short siyled individuals behave somewhat like male individuals, thus playing the role of
pollen suppliers,

In the studies of F. esculenium, the author was able to find frequently the self-fertile individuals which are
supposed to bo bo hereditary, These phenomena were reported by other researchers not only in buckwheat but
in other heterostylous species of varions families, It is interesting to notice among these dimorphic species in
question in which there exists marked difference in the occurrence of self-fertile individuals, That is, in the

case of P. senticose, as it is a self-fertile plant, it may be stated that the rate of the occurrence of self-fertile
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individual is 100%, During the studies of P. jupomica which iscompletely self-sterile, not a single self-fertile
individual was found. Therefore, the ratio of the occurrence of self-fertile individual should be =aid to be 0%,
Although in the present experiments as many individuals of this species as possible from wvarious -parts across
the country were used, the numbers of individuals used were not so great as in the case of F. esculentum.

Throughout the fertility experiments it was apparent that in P. jzdonica the differentiation between the two
forms of styles was in some respects so profound as to show the signs of dioecious traits, coupled with the
entire loss of the original self-fertile property, On the cor-ltrar_v, P. senticosa, structurally dimorphic, has reve-
aled no physiclogical alteration characterisiic to heterostylism, and still has retained wholly the autogamous
character of the non~dimorphic Persicaria species. F, esculentusn, zlthough in many respects it resembles more
P. japonica, as a whole appears to be transtional between the two extremes, -

-b, Difference in pollen tube growth

Tab, X Difference in pollen tube growth
P, japonica F. esculentum _ P. senticosa

L S L 3 L S

- ~ + + 4+ o
Selfed Checked Checked Checked, Checked, Ovary Ovary

: occasionally occasionally
) to ovary to ovary )

Difference between L selfed— 3 Selfed— * * L selfed— S selfed—
-Selfed & crossed LxS+4+ S5xL++ L5 + SxL +
Difference between L x8 8§ x L 4 + L = 8 5 x L
Lx8S & SxL + 4+ - +

. . * Not sure,

In P. senticose the selfed pollen tube in both styled individuals reached the ovary in about 30 minutes.
This sesult exactly parallels that of fertility. In F, esculentum when illegitimate combinations were made the
pollen tubes were checked in the definite regions of the pistils, allowing occasionally the incompatible pollen
tubes to reach the ovary, In P. jzpomice not a single illegitimate pollen tube was allowed to reach the ovary,.
and the growth of the tubes was checkéd at definite regions in both individuals; The behavior of pollen tubes
in the illegitimate combinations clearly shows the transgressive gradation among the three species.

Pollen tube growth was found to be faster in the legitimate. combinations than in the illegitimate unions
in any of the three species irrespective of the forms of style, This tendency seems to be more conspicuous in
the P. japonica than in P. senticosa. In F. esculentum the tube growth is too rapid(15 minutes) to distinguish
the difference. . . -

The difference between the combinations of L x 8 and 8 x L of the rapidity of pollen tube growth was.
observed to. be slightly faster in the unions of L x $ than in the reciprocal umons in P, jeponica and P. sen-.
ficosa ahke The tube penetlatxon to the ovary, however, is too rapid to present conclusive data. In general,
the d1fferent1dt1on between the two styles-in the pollen tube behaviors appears to be much greater in P, ]apa-
nica.,

"CONCLUSION

Through the results obtained in the investigations of floral structures, ecological and physiological features,:
and pollen tube behaviors of the three dimorphic Polygonum generz, the following facts have been made
clearer: ’

In P. senticosa, although the primary structural difference as heterostylous plant is conspicuous, other dimo-
rphic traits including secondary differences are not distinct, In P, japonmica, on the other hand, not only the

primary structural differences but also various physiological differentiations as heterostylic plant have proceeded’
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so highly that some of the morphological and functional characters disclose signs of a dicecious character,
F. esculenfum, that exhibits highly differentiated typical dimorphism morphologically and physiologicall(y, '11as.
progressed still far less in the amount of alteration than that of P, japomics. That is, the amount of differe-
nce between the forms of styles varies with the different species. TFor instance, in P. senticosa there exists no
differentiation of fertility among the'modes of combinations, 1.e., both self and cross-fertilization are carried
on equally well.  Under natural conditions however,- it would be expected that cross-fertilization rather than
the self-fertilization would be carried out more frequently due to the peculiarity of the floral structure, In P,
japoni-ca, the differentiation between the two style have proceeded so extremely in every respects, ie., pollen
grain size, abortion of long style pollen. grain, degeneration of long style.stamen, the tendency. of seed-droppi-
ng in short styled individuals, and behavior of pollen tube growth that some, traits. of this species give the
impression of transgressive changes from dimorphism to dicecious.  F. esculentum appears to have ig many
respects the transitional features_ ‘ S - .

From the facts that (1) these three species are typical dimorphic, (2).there is gradual gradation in ‘the extent
of dimorphism, (3) among them, P. jzponica has tended to dicecious, it may be assumed  that in the course ot
sexual differentiation of the sporophytic generation of higher plants from hermaphrodite to dioecious, so:né-

kinds of plants have taken the course of heterostylism. This assumption may be illustrated as follows:

)..: ................................. . (Q, Q) ................................. CQ’ 8)
Hermaphrodite Dimorphism Dioecious
g)...‘ ......... Feeveraniens FITTTre T (.Q, ?,' L LRI IPI TP IO (2, &
Hermaphrodite . Trimorphism Dioecious
CHel’mﬂphI‘Odite) seressssiern (I‘Ieterostylism) ........................ CDiOCCiOLIS)

Furthermore, most of the prevalent characters of the non-dimorphic Polygonum genus is homo-styled, parti--
ally allogamous-autogamy. In view of the fact that in this genus particularly there occurs numerous dimorp-
hic species, it may be assumed that some of the homo-styled, self-fertile plants have taken the course of allo-
gamy with the development of the nectary gland and the structural and physiological alterations toward!
heterostylism,

These plants in their transition from autogamy. to allogamy have taken dual courses, i.e., one, structurals
and the other, physiological, Structurally the floral organ has changed to dimorphism and physiologically
from self-fertility to self-incompatibility.

Upon the above speculations, the results obtained in the present experiments may be summarized like the-

following illustration:
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