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   k has been reported by several investigators that the germinating pollen
tubes show the positive tropism to slices of the pisti}s when the pollen grains
were spread around the slices on an agar medium (MoLiscff, 1893; Miyos'rii,
1894; LiDFoi<ss, 1909; BmNi<, l924; TsAo, 1949; IwANA"xi.i, 1953).

   Results similar to above have been obtained in Lilium longi.i7orscm and
CanteUia si'nensis (MiKi, 1954, l955). In these plants, k kas a}so been confirmed
that the pollen tubes showed (iifferent responses against different pistil parts,
namely, tke e-tigmas, the e.tyles, tke ovar2es aRd the ovules (MiKi, 1954, 1955).
   All iRvestigations stated above have beeR carried out to see the tyopism
response of pollen -gubes of a certain plant agalnst the pistil slices of the same
species. Then, it comes the q'uestion whether the polien tubes of one species
show pesitive tropism to the pistils of other species or not. It is the first aim
of the present study to cleay this question. The second aim is to see the
response of the pollen tubes of one species against the diEfereRt pistil parts of
otlier species.

                         Materials and Metkods

   Plants used iR the present stucly were sbown in following tables. Pollen
grains of these plants were obtained from anthers which were .iust at anthesis,
and pistiis were taken from castrated fiowers when they just bloomed.
    For culture media ef pollen grains, l.5.0oi agar solution coneaining sucrose
was ornployed. CoBcentrations of sucrose were determined after preliminary
tests, because the optimum concentration for pollen germination was different
according to species. Hydrogen ion concentrat2on of these media was between
pH 6.2 and pH 6.4.
    Hot sugar-agar.so}ution stated above vvras put oR a slide glass to form a
layer about 2mm in thickne.es, and after cooling, slices of pistils were put on
the agar plate. Preparation method of Pistil slices was reported in the previous
paper in detail (MrKi, 1954). Pollen grains were, then, spread around these
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slices with a slender brush, leavlng a clear zone about 0.2-0.5mm wldth from
the slices. Slide glasses, which carried the pistil slices and the pollen grains,
were placed in a molst Petri-dish and incubated at 300Ci). Response of tke
pollen tubes to the slices was confumed after 3 hours under a microscope.

                                Results

    In most cases, so far as the present study was coflcemed, the germination
ef the poilen gyains was not aiways easy on artificial media. Results of a
preliminary test showed that the pollen grains of the most plants, takeR at
random from fields, did not germinate on several different artificial media, but
some succesfu} results were obtaiRed. Amoxxg the plants in whiclt polleR grains
were abie to germinate on the agar media containing sucrose, only 45 species
were used in the preseltt stttdy, because they had fairly large fiowers aRd their
flower seasen was not extremely limited.
    GeRerally speakiRg, results of the preliminary study showed that pollen
tubes far from a pisti'l slice, elongated at random directions, and those near to
a pistil slice, showed positivetropism. The least distance within wlticlt pollen
tubes showed positive troplsm varied in dlfferent species. IR most cases, the
po}len tubes within 1 mm from a pistil slice sbowed positive tropism, theyefore,
tkose withiR thls distance from a plsti} slice were counted in followlng
expenments.

   Exp. 1. Tropisin tests betzeeen two individual plants beZongi.•ng to the sa?ne
SPeCteS.

   A pistil of one species was separated into stlgma slices, eotyle slices and
ovary slices. Ovules were tested ln some cases. 'Irhese pistil slices were put
on agar cuiture media, aRd pollen grains of the same species were spread
around these slices.
   Results of this experiment are summarized in Table 1.
   In this table, it is seen that the polieR tubes of ene species always skow
positive tropism again.et the pistil slices of tke eoame species in 68fO6 of 41
specles. In some cases, however, it is observed that po}len tubes of one species
show different tropLqm responses against different pistil parts of tlte same
species. The plants listed in Table 1 are classified into fouy types in respect
to the behavior of poUen tubes against the stigma s}ices, the style slices and
tke ovary slices. IR the first type, the pollen tubes show poskive troplsm
against these three different parts of a pistil, as can be seen in Narc•i.ssus
tazetta. In the second type, tke pollen tubes show positive tropism to the
stigma slices and the c")tyle slices, but show only at random tropism against the
                                                     ,ovary slices. Ceccecmis sativus, Ca}?zeglia s•inensis and Tradesca?ttia reflexa belong

   1) Optimurn temperature of germination determined in the preliminary experiment was
300C.
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  Fig. 1. Appearance of pollen grains spread around the pistil slice on agar culture medium.

     a. Positive tropism.
        Camellia sasanaua (style)Å~Camellia sinensis (pollen).
     b. At random tropism.
        Cameliia sinensis (style)xEriobotrya ja.POniCa (pollen).
     P: A pistil slice.

to this type, while Lycoris radiata belongs to the third type in which the pollen
tubes show positive tropism against the style slice$ only, and show at random
tropism against the stigma slices and the ovary slices. Contrary to the above
types, the pollen tubes of the plants belonging to the fourth type show at
random tropism against all pistil parts.
   It must be added here that the difference in intensity of positive response
of the pollen tubes against the three different parts of a pistil, was not con-
firmed in the present study, but it was confirmed in a previous experiment
that, in Camellia, pollen tubes showed a stronger positive tropism against the
style slices than against the other two pistil parts, while in Lilium the strongest
response was found against the stigma slices (MiKi, 1954, 1955).
   From the results obtained in Exp. 1, it is concluded that the pollen tubes
of a certain plant show positive tropism against a pistil of the same species

in most cases.

   Exp. 2. TroPism tests between two different sPeCieS belOngtng to the same genUS.

    In Exp. 2, behavior of the pollen tubes of a plant against the pistils of
other species which belong to the same genus was tested. As materials, several
different species of Cameltia, Liliu•m and Primula were used.
    Results obtained in this experiment are shown in Table 2.
    From Table 2 a, it is seen that the pollen tubes of CaMellia Sl'nenSiS show
positive tropism against the stigma slices and the style slices, whi}e they show
at random tropism against the ovary slices of C. jaPeniCa. Similar results are
obtained between the pollen tubes of C. jaPOnica and the pistil slices of C.
sinensis. In Lilium, however, pollen tubes show positive tropism in all cases,
except pollen tubes of L. auratum which show at random tropism against the
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    The yesults of thls experirnent are shown in Table 3.
    From the results of the experiment shown in Table 3, it is seen tkaÅí the
pollen grains germinate in most case.e and tkat the pollen tubes, which e!ongate
normally, show positive tropism in sorne cases (about 44.0•o!), while they wehow at
random tropism in the other (about 38/06).
    In Scrophularidaceae, the pollen tubes of a p}ant belonging to a certain
genus show at random tropism against all three differeRt pistil payts of a p}ant
which belong to other genus, except the pollen tubes ef Paulownia tome•ntosa
which show positive tropism against the stigma slices of Veronica cani•netesti-
culata (Table 3 a). Simllar results are obtained in Rosaceae ( rable 3 b).
    In Liliaceae, simi}ar to the above cases, the pollen tubes show at random
tropism in most cases (Table 3 c). In some plants, however, pollen tubes of
one species show positive tropism against the tkree different pistil parts of
another plant belonging to otker genera. For example, the pollen tubes of
Lilium longptorum skow positive tropism against three paerts of tl•ie pistil slices
of TricN7'tis a,fiinis. Tke behavior of the pollen tubes of LUium longifloru?n
against the pistil slices of Hemerocallis disticlta is different frem the above

  Table 3. Tropism response
     to the same family.
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cases, that is, the pollen tubes of the former plant skow positive tropism
against the ovary s!ices and at random tropism against the style slices of
Hemerocal•is disticl•ta. In thi.s case, the pollen grains do not germinate around
the stigma slices.
    Cnly two species which be}ong to Iridaceae were used in the present study,
because germination of the pollen grains on the agar media was not easy in
most cases. In Table 3 d, one would see that tke polleR tubes of Gemmingia
chi•nensis skowed at random tropism against the pistil slices of Ggadioius gandav-
ensis, while the pollen grains of G. gandavevzsis did not germinate around the
pistii slices of Gentmingia chinensis.

    In Amarj.}lidaceae a peculiar bekavioi' of tke poiiefl tubes is found, that is,
the pollen tubes of Crinum asiaticum ."how positive tropism against all pistil
parts of other species whick belong to this family (Table 3 e). Moreover, it
must be mentioned kere that the pollen tubes of ZePi?sran.thes cari•nata and
Lycoris sanquinea shoxrvr positive tropism agaiRst the all pistil parts of Lycoris
sa"quinea and ZePhyranthes car•i.nata ree.pectively, ancl tke pollen tubes of Lycor•is

radiata show at random tropism against all pistil slices. of Crinu.m asiaticum,
ZePhy}'a•}ttl2•es ca'ndia and Z. carinata.

    From the results of the study shown ka Table 3, it is briefiy stated here
that the tropism response of the poilen tubes to the pistil siices between two
species belonging to differeRt genera within a family is at random or pesitive.

   Exp. 4. Tvopism tests between two dl ff ey e•nt fanzilies.

   Results of tropism tests carried out between two piants beioRging to
different families are shown ln Table 4.
   Table 4 a and b show tropism response betweeR different families amoBg
monocotyledons and among dicotyledons respectively. In these tablas, it is
seen that the pollen tubes show at random tropism iR most cases. For example,
the polien tubes of Rosa multiflcra skow at random tropism againsÅí all pistil
parts of RJtod.odendro'n obtusum, Camell•ia si•nensi.s, Ra}tunczdzts glaber and Primula

]'aponica. In several cases, however, poilen tubes show positive tropism. The
pollen tubes of Crinztm as•iatictint, for example, show positive tropism against
the p2sti} slices of Hemerocatlis.

   It must be notcd here that inhlbition of polien geermination is observed in
about 309o! of the tested plants.

   Moreover, between Archichlamydeae and Metach}amydeae, the pollell tubes
elongate to random directien around the plstil slices except for some cases
where the pollen tubes skow positive tropism (Tabie 4 b).
   In Tabie 4, it is aiso seen that the po}len tubes show, in most cases, a
response simiiarly to the three different pistil part.q, whiie the pollen tubes of
Crinum asiaticum show different tropism response against three different pisti}
parts of HemerocaLiis dist•ic}'ia. Several cases similar to the above are seeR in
this table.
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b. In dicotyledons.
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   Exp. 5. T'roPisnt tests between inonocotytedons and dicotyiedons.

   Tropism tests of the pollen tubes of a plant, which belengs to monocotyle-
dons, agaiR3't the pi'stil slices of dicotyledons, and the pollen tubes of dicotyle-
donee against the pistil slices of monocotyledons, were carried out in Exp. 5.
   Results of the tropism tests are shown in Table 5.
   Table 5 a shows response of the pollen tubes of monocotyledoRs agalnst
the pistil slices of dicotyledons. In this table, it is seen that the pollen tubes
show at random tropism in moeot cases, while they show positive tropJ.sm in a
few cases. For example, the pQIIen tubes of Lili"m longifiorum show positive
tropism against the all pistil parts of Oenotk.era odorata, and the pollen tubes
oÅí Crinum asiaticttm show positive tropism against the all pistil parts of
CamPsis grandifiera and the stigma slices of Oenotitera odorata. These facts show
that positive tropism takes place between two species which are extremely
femote in relationshlp. Results similar to the above cases are seen in Table
5 b, which shows response of the pollen tul)es of dicotyledons against the pistil
sllces of monocotyledons. In this experiment, it is clearly confirmed that the
pollen tubes of Paulownia teGnentosa show posi'tive tropism against the style
slices of HemerocaU•is disticha. Thiev is another examp!e, where posltive eropi-sm
takes plac•e between two species which are remote iR relationcvhip.
    Summarizing the results of the Exp. 5, it is stated that at random tropism
of pollen tubes is seen in 60.0o! of tested cases between monocotyledons and
dicotyledon.$. Thi's value is nearly equa} to that obtained in Exp. 4, and is
highey than the value found between different genera within one family. It
must be noted that, in Table 5, inhibition of the pollen germination is observed
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in about 309o.5 of the tested cases.

            Table 5. Tropism tests between monocotyledions
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b. Response of pollen tubes of dicoty!edons against the pistil slices of monocotyledens.
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    Several investigators
positive tropism to tke
Miyesm, 1894; LiDFoRss,
1953; Mmi 1954, 1955).

 Conelusion alld Discussion

have reported that the pollen tubes of a plant show
 pistil slices of the same species (MoLiscH, 1893;
 1899; EAsT and PARi<, 1918; BRiNK, 1924; IwANAMi,
It is found in the present study that the pollen tubes



116 Hisako Mxi<i

of most of the species studied iR this ex. perirnent show positive tropism against
the pistii slices of the same specieve, but the po}len tubes of some species show
at random tropism against the pisti} slices of the same species (Table 1).
   In the same genus, simi}arly to the above case, the pollen tubes of one
species skow positive tropism to the pistil slices of other specie.o belonging to
the sarne geRus, but in some cases the pollen tubes show at random tropism
(Table 2).
   In the tropism tests between twe different genera belonging to one Åíamily,
the pellen tubes of one species which beloltgs to a genus do not show clear
posiSive tropism against the pistil $lices obtained from other genera. In these
cases, the pollen tubes show at random tropism or positive tropi$m. In some
cases, however, the pol}en grains are inhibited of their germination (Tab!e 3).
    Between different families in monocotyiedons or dicotyledon.e, the results
of the tropism tests show that the pollen tubes of a plant elongate at random
direction around the pistil slices of the plants 'w-ixich belong to other families

in majority of cases, while tke pollen tubes sliow positive tropism in some
cases. It must be noted that the pollen grains are iRkibited in the!'r germina-
tion in many cases (Table 4). Between Archichlamydeae and Metachiamydeae
(Table 4 b) andbetween monocotyledons aRd dicotyledoRs (Table 5), the results
similar to the above have been obtained.
    Summarizing tke results of experiments stated above, it is concluded
briefiy that positive tropism takes place between two plants which are near in
relationsl}ip, while tlte pollen tubes skowing at raRdoin trepism are found
between two plants wkich are remote in relatioltskip.
    In the previous papers it has been reported that the poilen tubes of Lilit{m
tongifiorum and Camell•ia si•nensis show positive trepism agalnst some chemical
substances coRtained in the pistil slices of tke same species (Mm.i, 1954, 1955).
These substances have been assumed to be substances of }ow molecule, because
they diffuse into the agar medium rapidly and pass a collodion membrane.
Moreover, they have been assumed to be metastable to heat, because these
substances have lost their actlvity by heatiRg. There seem to be Ilttle doubt,
therefore, in concluding that some active substanÅëe (or substances), wkich
causes positlve tropism of tke pollen tubes against the pistil slices, is (or are)
contained in the pisti'ls of the plants which are listed iR Table i. Then, comes
the question wltether this active substance is specific for each species or not.
    From the resuits shown in Table 1, it is h2ghly suitable to conclude tkat
thiq. active substance is not .qpecific for eack species, at least in seme species
belonging to Lilizfm or Camelgia.

    Contrary to the above case, it may be stated generaliy that the substance
contained in the pisti} slices of a plant beloxxging to a genus or a famlly is
not active to the pollen tubes of other genera or families. It must be empha-
sized here that, in some cases, the pollen tubes of a plant wkich belongs to a
genus or a family show positive tropis.m against the pistil ticrlices of ether
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genera or familiee. (Tab!es 3, 4 and 5). To put it in other words, the acSive
substance is non-specific for any species when the relationship of two plants
is near, while iÅí is assumed to be specific when the relationship of the two
plants is remote.
    It ioa also confirmed in the present study that, in some cases, the polleR
tubes show differeRt response to the stigma slices, the style slices and tke
evary slices. It is not cleared in the present study whether this difference in
response is due to different concentratioRs of the active substance contaiRed
in pistils, or not.

    In Tables 3, 4 and 5, it is seen that the germination inhibkion takes place
frequently in the tropism reaction experimeBt, in which the polien grains of
one species are spread around the pistil slices of other species remote in
relationskip to the former plant. This phenomenon will be discgssed in a
paper to be published later.

                                Summary

    1. Tropism response of the pollen tubes of one species to stigma slices,
style slices, ovaryslices and ovules of other species, wkich belong to the same
or other species, is tested on agar cu}ture medium.
    2. In the tropism test wkhin a species, it is seen that polien tubes of
most of the species studied ln this experiment show positlve tropism against
the pistil slices belonging to the same species. In some species, howeveer, pollen
tubes of one species show at random tropism against the pistil s}ices belonging
to the same species.
    3. Between two different species belonging to the same geRus, pollen tubes
of one species show positive troplsm against the pistil s}ices of other species,
though pol}en tubes skow at random tropism in some cases.
    4. It is found that, between two differeRt genera belonging to one family,
pollen tubes of a species of a genus show at random tropism or positive
tropism against the pistil sllces of plants belonging to otker genera.
    5. Between two species of different families among monocotyledons or
among dicotyiedons, pollen tubes of a plant belonging to one family sbow at
random tropism against the pistil slices of plants belonging Åío ether families
in most cases. in some case.e, however, po}len tubes of one farnily show posi-
tive tropism against the pistll slices of other families. Between pollen tubes
of moftocotyledoRs and tlte pistil slices of dicotyledons, and between pollen
tubes of dicotyledons and the pistil slices of monocotyledons, results similar
to the above cases (5) are obtained.
    6. In the most plants studied in this experiments, it is observed that pollen
tubes show the same response to stigma slices, style s}ices and ovary slices,
but in several cases pollen tubes show different responses against the three
different pistil parts. In these cases, it is not seen that pollen tubes respond
only to a special part of the pistil.



218 Hisako Mn<I
   The authoress takes pleasure in expressing her sincere appreciatlpn for
kelpful suggestions througkout this work to Professor N. SHiNi<E of Kyoto
Vniversity.

                           Literature Citee

BRiNi<, R. A., 1924. Amer. Jour, Bot., 11.
EAsT, E. M. & J. B. PARi<, 1928. Genetics, 2.
IvvANAMi, Y., 1953. Bot. Mag. Tokyo, 66.
LIDFoRss, B., 1909. Z. Bot., 1.
MiKI, H., l954. Bot. Mag. Tol<yo, 67.

    -- 2955. Ibid., 68.
MIyosHi, M., 1894. Flora, 78.
MouscH, ff., Z893. Sitzungsber. Wien. Acad. Wiss. Math., le2.
TsAo, T. H., 1949. Plant Physiol., 24.


