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   Several investigators reported that the pollen germination and the pol}en
tube growth were promotea in the presence of a stigma tlssue of the same
species on a culture medium (EAsT and PARK, 1918 ; SAsAm, 1919; I<Novv'LToN,
1922;BRINI<, 1924; GoToH, 1931; VAslL'Ev, 1937; MIKI, 1954). KSHLwEIN (1948)
reported promoting effects of the extracted substances from the pistils upon
the pollen germination and po}len tube growth in angiosperms and gymnosperms.
   On the other hand, MARTiN (1913) and SAsAKi (1919) pointed out that a
                          ,similar promotion was not obServed in the case of Trifolium, and in the cases
of Zea and Brassica, respectively.
   JosT (1907) reported' that the pollen germination was inhibited by stigma
tissue of the same plant in HibPeastrum on the culture medium.
   IR the previous paper (Miw, 1954), the present author reported the same
effects of pistil slices op the Pol}en germination in Lilium. In this paper, it
is intended to report how the pollen germination aRd the pellen tube growth
of a specie$ are affected by its own pistil slices or those from different species,
and it is also attempted to extract active substances which control the germina-

tion and the tube growth.

                         Material and Method

   Pollen grains were obtained from anthers which were just at anthesis, and
pistils were taken from castraÅ}ed fiowers just bloomed. Names of plants used
in the present study would be mentioned in the following descriptions of the
results.

  As the culture media of pollen grains, 1.59of agar solutions containing sucrose
were used. The concentratio", of the sucrose was always 1096, except for
Yicia, for which 25.0o! sucrose was used. The hydrogen ion concentration of these
media was between pH 6.2 and 6.4.
   The hot sugar-agar solution stated above was put on a slide glass to form
a layer of about 2 mm in thickness and after cooling slices bf pisti}s weye placed
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oR this agar plate. The methods for preparing pistil slices and a collodion
membraRe were described in detail in the previous paper (Mmi, 1954). Pollen
graiBs were then spread around these slices 'with a slender brush. A slide ' glass,

ccfi.rrying the pistil slices and the pollen grains, was placed in a moist Petri-
dislt and incubated at 300C. The geyrnination percentage and the tube length
were measured after 1, 2 and 3 hours 2n the pollen grains which were Iocated
within about 1mm from the pistil slices. But the data after 3 hours were used
for comparisons of the results in the fo}lowing description. In each test the
counting was made about 500-600 in number. The percentages in the following
tables showed arithmetica} meaR values of several tests.
    In extraction procedures, pistils were ground in a mortor with distilled water
at about 5eC; the amount of water being 10 ml for one gram of pistils. Tke
suspension was centrifugated at ca. 1,500g for 10 minutes at room temperature.
A clear supematant was obtained (water extract 1). An equivalent amount of
distilled chloroform was addedi to the supernatant and the mixture shal<en in
a separating funnel. The chloroform soluble fraction (chloroform extracO and
the water soluble fraction (water extract 2) were obtained.
    Strips of filter papers were steeped iR the water extracts 1, 2, oy tke
ch}oroform extract respectively and dried at room temperature. Pollen grains
were spread around these fiiter papei:s on the culture medium, and percentages
of germinated pollen grains and the pollen tube lengths were measured. For
control, strips ef filter papers, whick k.act been dried after being steeped in
distilled water or chloroform, were put on the culture medium.

                                 Results

    In the following description five experiments are conta2ned. In Exp. 1,
germination and tube growth around the fresh pistil slices (vlz. stigma, style
and ovary) are studied in vitro. Experiments 2 and 3 ai'e concemed with
existence of the substances which control the germination and the growth. In
Exp. 4, stability of these active substances to heat is examined, and in Exp. 5,
extraction of the substances ls attempted.

    Exp. 1. Germination and tube g7owth of potien grains spread around pistil
sVtces on the culture mediecm.

    a. in the same species. Percentages of the germinated pollell grains and
lengtbs of the pol}en tubes around the stigma, the style and tke ovary slices
of the same species were measured. The plants used were Lilium lon.c•i.fioru?n,
Narcissus tagetta and Hippeastrasm l•zybridum. Control measurements were made
without pistil slices.

    Results obtained ln this experiment are shown in Table 1.
    From this table it is seen that in Liliv.?n longi jflorzem the germination is more

markedly promoted in the presence of the stigma qfind style sllces than tk.e pre-
sence of the ovary slices. In Narcissscs tazetta, however, the germination is more
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Table
   in

L
the

Germination and tube growth of
same specles.

pollen grains around pistil siices

Plant name
Hours
after

Control

Germinat-
ed pollen
  (o/o)

Tube
length
(mm)

I<inds oÅí pistil stices

Stigma stY'fe' i

i

Ovary
Gerrninat- Tube
ed gs gen ?e.•g.tlil

Germinat- Tube IGerminat-
ed re21en le..g.t}iedrelLen

wwT- ibe
length
(mm)

Liliutn tongiflorttm
 xL. lon.aifiorum

Narcisstts taxetta
 XN. taxetta

ffiPPeastrum
 ltybridum
 xH. hybridum

1

2

3

1

2

3

l

2

3

o

15

24

o

0.1

0.3

15

18

23

O.05

O.05

0.15

33

37

47

O.l

0.3

0.5

I
I

6s oB
80 0.4
90 1.0
31

48

45

0.1

0.2

0.3

25
3a.

43

O.03

0.2

0.6

65

68

83

0.3

0.9

1.1

30

34

34

0.1

0.3

0.3

30

46

59

O.05

0.3

e.6

25

50

60

0.2

0.6

1.0

27

40

42

0.1

0.3

0.4

'

20

54

62

O.03

0.3

0.7

strongly promoted around tke stigma and the ovary slices than around the
style slices. 'In these species, tube growths are strongly promoted and their
grades do not show any marl<ed difference in spite of different kinds of sliced
tissues. In HiPPeastrum izybridum, however, the germination around tlie style
and ovary slices ls promoted than the germination of the coBtrol, but the
germination around the stigmo. $lices is nearly equal to that of tke control. Tube
growths are slightly promoted around theseipisti} slices than the growth of tlae
control. Amgng the grades of these tube' growths, any marked dfierence is
not seen, irrespective ef whatever part of the pistils is used.
   In summarizing, the promoting tendency of the germinatlon and the tube
growth is conspicuous around tke most parts of the pistil slices of the same
    .specles.

   b. In the same genus. In this experiMent, the pollen grains of Lilium
tongifiorttm were spread around three parts of pistils of L. elegans (L. elegans
xL. Iongiflorum), and the pollen grains of Vicia faba were spread around tke
stigma and the ovary slices of Y. sativa (V. sativax V. faba).
    Results obtained in this experiment are shown in Table 2.
    From this table it is seen that both tke germination and tube growth of
Liiium longifiorum are markedly promoted around the plstil slices of L. etegans.
In the case of Vicia faba, however, no discemible promotion is observed in the
germination as well as in the tube growth.

    c. In the' same famailN. In each combination of HiPPeastru}n lzybridumÅ~
NaTcissus taeetta, N. taeettaxH. hpubridum and Clivia nobitisÅ~H. Itybridum, the
pollen grains were spread around the stigma, style and ovary slices.
    Results obtained in this experiment are shown in Table 3.
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tube growth of pollen grams around pistil slices

Hours
after

     l

Control

Plant name

Kinds of pistil slices

Stigma
Germinat-
ed pollen
  (o/o)

Tube Germinat- Tube
length ed pollen length
(mm) (O%) (mm)

Style
Germinat-
ed pol}en
  (%)

,Tube
length
(mm>

Liliecm elegans
 xL. gongiflor•um*

E
1

2
3

o

l5

24

o       30
       700.2

       920.3

O.04

1.1

2.2

62

69

86

0.2

2.3

2.4

Ovary
Germinat-
ed pollen
, (o/o)

Twwube
Iength
(mm)

Yicia sativa
 Å~V faba

1

2

3
l

90

91

90

0.2

0.4

0.4

90 0.2
90 0.4
90 0.4

61

61

72

O.07

1.1

2.4

90

92

90

0.2

0.4

0.4

* In the following, AxB means pistils of A species
 of B species.

   Table 3. Germination and tube growth of pollen
      in the same family.

being'g5umr'e'amml' by poiien grains

grains around pistil slices

             Hours
Plant name
             after

Control Kinds of pistil slices

Stigma I umStyle i Ovary

HiPPeastrum
 hybridi"n
 Å~ Narctssscs
      taZetta

gsr%l'r,at" ,g",b,e, gsr;glf,at' ,g"ke,'gsrml?,at- ,g",b,z igsr:i7.a" ,:"8,e,

i (p %)n (:.) e./,) (:g.) (p%o.)n <:.)I (p,/.) (:.)

Narcissus tazetta
 Å~ HiPPeaStnmt
      itybriduTn

l

2

3

Clivia nobilis
 Å~ HtPPeaStrtt?n
      hybrid"m

1

2

3

3

25

18

23

O.05

O.05

O.l5

33

37

47

0.1

0.3

0.5

47

30

34

33

O.07

0.2

0.4

26

49

49

O.05

0.3

0.7

        9 0.40.5

34

42

45

31

47

53

o.o7 i 24

0.3 26
0.5 l 31
    'I-
O.05

0.3

0.8
+

40

46

42

O.05

O.l

0.4

  _

l

5 0.6

O.05

0.2

0.7

9 0.3

    It is seen !n thls table that the germination and tube growth of IV. tazetta
are promoSed around all the three parts of pistils of H. hybridum. Around the
st2gma slices of N. taeetta, the germination of H. dybridum is nearly equal to
that of the control, and around tlte style slices it is slightly promoted while
around the ovary slices k is slightly arrested, but the tube grovvTth is promoted
around the three pistil slices. Around the three pistll slices of C. nobilis,
however, the germination of H. hybridttnz is marked}y arrested. The tube growth
around the stigma and ovary slices is slightly arrested, while it is promoted
slightly around the style slices.

    d. In the different famiiies. Combinations of plants used in this experiment
are shown in table 4.
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Table 4.
   in the

Germination and tube
different families.

growth of pol}en gralnS around pistil slices

Plant name

Litiscm etegans
 Å~ HiPPeaStrum
      hybridecm

Lilium longiflorscm
 Å~ HiPPeastrum
      ltybridum

Litium longiflorum
 Å~ Narcissus
      ta2etta

HiPPeastrttm
 itybridum
 Å~ Lilium
     longifiorttm

Narcissscs tazetta
 Å~ Lilitem
     tongiflorum

Ciivia nobitis
 Å~ Lilium
     tongiflorttm

Gladiolus
 gandaveitsis
 Å~ Lilium
     longiflorum
Gladiol"s
 gandavensis
 Å~ HiPPeaStrUM
      hybriduTn
Gladielus
 gandavensis
 Å~Antirrhinum
      ?tZajttS

Hours
after

CoRtrol Kinds of pistil slices

Germinat-
ed poilen
  (o/o)

Tube'M
length
(mm)

1

2

3

1

2

3

1

2

3

1

2

3

1

2

3

3

3

3

3

33

37

47

0.1

0.3

0.5

33

37

47

0.1

0.3

0.5

15

18

23

O.05

O.05

0.15

o

l5

24

o

0.1

0.3

o

15

24

o

0.1

0.3

24 0.3

24 0.3

47 0.5

   17

l

0.2

Stigma
Germinat-
ed pollen
  (o/o)

Tli6E-
length
(_mm)

S.tyle I Ovary
Germinat-
ed pollen
  (e/o)

     IGerminat-Tube
     ed pollenlength
        (e/o)(mm)

Tube
length
(mm)

o

16

25

o

O.07

0.1

10

34

49

O.05

e.2

0.2

35

43

42

O.07

0.2

0.2

o

44

84

o

0.5

0,8

 oo oo23 0.1

7 0.2

o o

o o

oo

o

18

32

o

OD7
0.1

1

13

27

O.02

e.l

0.2

35

46

45

O.07

0.2

0.3

o

33

49

o

0.6

1.0

o

2

30

o

O.06

0.1

20 0.2

o o

o o

o o

o

28

38

o

O.07

0.1

2

20

27

O.02

O.06

0.2

34

44

44

e.o7

0.1

0.2

e

10

53

o

0.3

0.4

o

1

i

o

O.03

O.03

o o

e o

o o

o o

    Results obtained in this experiment are given in Table 4.
    Results of this experiment are classified into following five types :
    i) L. longiflorscm Å~ N. taeetta and II. hybridNmÅ~L. longifiorum : In this
type, the germination is markedly promoted in all cases, but the tube growth
is markedly promoted in some cases and s]ightly in other cases.
    ii) L. elegansx. H. ItNbridum andL. longiflorum Å~ H. hybridwm : In this type,
around the stigma slices of L. long•iflorttm the germination is equal to that of the
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control, but it is arrested in the other cases. The tube growth is markedly
arrested in all cases.

   iii) N. tazetta>k' L. iongifiorum : Around the style slices the germination
is slightly promoted, and around the stigma slices it is equal to that of the
control, but around the ovary slices the germination is arrested markedly. In
general the tube growth is markedly arrested.
    iv) C. nobitisÅ~ L. iongiflorum : While around the style slices the germination
is slightly arrested, around the stigma slices it is arrested markedly. There
is no germination around the ovary slices. The tube growth is slightly arrested
in the presence of the stigma and the style slices compared with that of the
control.

   v) G. gandavensis')•x, L. iongij7orttm, G. gandavensis',, H. j•eybridum and G. gan-
davensisÅ~A. majus : In all cases of the combinations, no pollen grain germinates
within a distance of about 1mm from the pistil slices and only those pollen
grains beyond this limit are capable of germination (Fig. 1).

                   r

               Fig. 1. Inhibition of pollen germination of HiPPeastyes?n
                  kybridum spread around the style slice (S) of Gla-
                  diolus gandavensis.

   From Exp. 1, it is seen that the germination and the tube growth are
promoted generally in the presence of pistil tissues of the same species. On
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the other hand, in the presence of the pistil tissue of remote relationship, the
germination is markedly promoted in some cases, and in other cases it is slightly
or markedly arrested. In these cases the tube growth is also promoted or
arrested independently of the germination.
    Here, it may be assumed that the germinat'ion and the tube growth are
controlled by an active substance or substances contained in the pistil eissue.
Experiments 2 and 3 were undertaken to ascertain the existence of such sub-
stances.

    Exp. 2. E ff ects of active sttbstances diffused -frgm the PistiJ tissue on an agar

medium.
    Pistil slices were placed on an agar film on a slide glass and kept 3 hours
in a moist Petri-dish. Then the siices were removed immediately after the
spreading of the pollen grains around the slices. For control, there were
prepared some culture media carrying the pollen grains only, or both the pollen
grains and the pistil slices. Names of plants used in this experiment were
shown in Table 5.
    Results obtained in this experiment are given in Table 5.

Table 5. Germination and tube growth of po}len grains to the active substances
   diffused from pistil tissues to agar.

Plant name I

Control Removed tissues

Lilium longiflortcm
 xL. lengifloru}n

HiPPeastru}n hybridi4?}t
 xH. hybridufn
Gladioltes gandavensis
 xLilium iongifiorttin
                    i
Gladiolecs g.gndavgns,ig l
 Å~ HiPPeastrum hybriduml

Gladioius gandavensis
 Å~Antirrhinum 7naj'i(s

         Stigma

11g._o,q .figEo .tfi

gg:•-oo-,g6qktn,

.<.e/orr>m.Cmm) ( o/e ) (mm)

24 0.3

47 0.5

24 0.3

47 0.5

17 0.2

65 1.0

45 1.1

oo
oo
oo

 Styie
g.co.i .fi

gsktn,

(o/,) (mm)

60 0.9

57 1.l

oo
oo
oo

 Ovary
g_v" ofi

ggkbo,

(%) (mm)

50 0.9

59 1.0

oo
oo
oe

Fresh tissues

 Stigma
g.gi .E

' g -o. 2 ge

gg sse
(e/e) (mm)

90 1.0

43 0.6

eo
oo
oo

 Style         OVarY
        g_e" .figs .,
       gptgarihm,ggkoo,

(e/.) (mm>       (o/,) {mm)

83 l.1

59 0.6

oe
oe
oe

60 1.0

62 0.7

oo
oo
oo

    Results of this experiment show that in most cases of Lilium and .Elip-
peastrum the germination and the tube growth are promoted around the places
on the culture medium, from where the pistil slices of Lilium or KiPPeastrum have
been remove'd. Contrary to the above casqs, the pellen grains of L. tengifioram,
H. l•tybridum and A. majtts do not germinate in the vicinity of the place from
where the pistil slice of GIadiolpts gandavensis has been removed. Hence, it is
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stated tkat some substances, whi'ck control the germination aRd the tube growth
(Liliutn and ,Efip'Peastrum), or iiihibit the germination (Gladiolus), are contalned

in the pistil tissues and tkat they diffuse from the tlssue on the agar culture
medium.

    Exp. 3. Germination and tube .arowth of Polle'n grains sPread around the Pistil
slices w7'gPPed in collodion and ceiieel.ose membranesi).

    In this experiment, pistil slices were wrapped in a coliodion or cellulose
mernbrane, and put on the agar media. Then the pol!en gralns were spread
around these wrapped piseii slices. Some control tests were made wkh un-
wrapped pistil slices, and collodion and cellulose membrac.nes without the pistil
s}ice. Tke names of plants used and their cornbinatiolts and the resuks obtained
in this experiment were giveR in Table 6.

       Table 6. Germination and tube growth of pollen grains spread around pistil
          slices wrapped in coliodion and cellulose membranes.

Ii""'6'H'o"El'i''h""6umr'i''

l.umcg.ma'gi{;:ffei_.

]-
gEo .f
g,EkEwtn.,

l(o/e) <mm

Wrapped tissues
   membrane

     lln I

Plant name

Unwrapped tissues

  Stigma Style I Ovary Stigma Style i Ovary
ii#ss-bogil/fgsgtnigi'sgdn,ligsgoolggsgeeligsg•n

}l(o/o) (mmX(o/o) CmmX(e/o) <mm}I(o/o) {mmE(o/o) (mmlil<o/j) (mm}

In same    .specles

Lilitt?n longiflo2'•tt?n

HiPPeastrui/n •h.ybridum
   eNarcissus tazetta

i 25

 35

 25
i

0.4

0.6

0.2

90 1.0 80
40 0.6 55
43 0.3 i 50
       i

1.0 58
o.6 6e
o.3 , 4e
   l

1.0

0.6

0.4

ge

43

45

   '1.0 i 83

   t0.6 i 59

0.3 34
   1

1.1    60
0.6    62
0.3    42

l.0

0.7

0.4

In different    +specles

HiPPeastrten i}ybridum
 >< Narcisstcs tazetta

HiPPeastrum hydridum
 Å~Liiiecnt longifiertt?n

Litizt"?t longifioruvn
 Å~ HiPPeastrt"n }iydridum

L•igit(?n iongifiorun;

 xNarcissus ta.zetta
                    iGladiolus gandavensis
 Å~ Lilium longtfieT•u?n

Gtadioltts ga•ndavensis i
Å~ HiPPeastrtÅëm }tydrldte?eia,

Ggadiol•us gandavensis
 xAntirrltimtfn ?najtts

25

25

35

25

25

35

18

   ]i   //   i'o.2l30 0.4I

   II   ii   /10.4i80 0.8l   il   }/o.6iso o.2l

   t/   //   t/   //   //   //o.2i4o o.2I
   / /t   ll   IL   Ii0.4 124 0.4l

   il0.6l32 0.6I
           I
o.2 ,17 0.2 l
   /t

45 0.5 i 30

47 l.o l so
       I

25 0.2 l 26

43 0.3 42

23 0.4 i 24

       i
34 0.6 i 34
       i
       i
16 0.2 I 18
       l

0.4

0.4

0.2

e.2

0.4

0.6

0.2

 33

i
 84

 49

 42

  o

  o

  e

   l
o.4 l 4s o.s
   l

0.8 l 49 1.0
   I
   r
0.2127 0.2   l

o.2 k5 0.3
   i

eioo   i
   I

oioo   i

0IO0   l
   i

31

53

27

44

o

e

o

0.4

0.4

0.2

0.2

o

e

o

   1) Cellulose membrane made
rnembrane is reported to be 24A.

by Visking Ce. (U.S.A.) was used. Pore diameter of the
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   From this table it is seen genera}ly that around tke wrapped pistil s}ices
both the germinatioxx percentage and the tube length are nearly equa} to those
around uitwrapped pistil slices except the cases of Ggadielus. Hence, it may
be assumed that the colttyolling substances diffuse through the membranes.
    Around wrapped pistil sliees of Gladiolus .aandavensis, the germinatioB and
tke tube growth a.re nearly equal to those of the case without pistil slices.
Then, it may be assumed that the inhibiting substances do not diffttse through
the membve.ne.
    From tke results of Exps. 2 and 3, it is concluded that the pistil tissues
contain some active substances, i.e. the controlling substances of the germination

and the tube growth.

    Exp. 4. Germi•nation a'nd t2tbe growtlt of Potlen grai}•ts sPread af'oscnd tize
steamed. pistiJ s;ices.

    In this experiment, the heat stablh'ty of the active substances was examined.
Test tttbes coxxtaiRing a meist filter paper and pistils of Lilium iongiptoru?n, HiP-
Peastrttm hybridun•z or GZadiolus gandave•nsis wei'e kept in boiling vtrcfi;Åíer foy 10

m.lnutes. These steamed pistils were cut and theR placed on the cukure media.
Percentage of the gemiinated poilen grains and tube length around three kinds
of the steamed pistil slices were me.n.sured. Combinations of used pollen grains
and pistils were shown ln Table 7. For comparison, culture media carrying
the pollen grains only, or both the pollen grains and fresh pistil slices, were
used.
    Results obtained in this experirnent are shown ln the following table.

   Table 7. Germination and tube growth of pollen grains around steamed pistil slices.

Plant name

 Icontroil steamed tissues l Fresh tissues
mmR,s,f.ii,isiYli,ZekeX,LRIIrki,:Ey#il-kls'boi,iS,v-•k'IX,s:gL,ji,skki•i,,g:;le?_.#

Litiu?n iongtfior'ti?n i
 xL. lo?tgiflorunz 1
                    iLi,littm tongiflorum i
 >< HiPPeast2'um hybriduml
                    i
ffipp_e_astrifm. i}ybridtt?n i

     Itybridu?n I Å~H.
                    IGlad.ioli.ts gqztdaven.s•is l

     longiflorum I Å~L.
Gi,a.d., eiz;,g.faiwwe,tsts l

Ggadiolits gan(lavensis i
 Å~Antirrhinttnz ?najtts

24 0.3 88 1.0
      i
47 o.sl47 o.2
      I
47 0.5]42 0.6
      l24 0.3I0 0
       [
47 0.5 0 0

17 0.2 0 0

'

.80 1.0         61 l.0
'

 2s o.2126 o.2
        /Il

•59 0.6'60 0.6

,ooIoo
        :        '        '  ooioo
        I//t/  oo ioo        i

I
l

l
i
l
I
i
l
I
l

l
I
I
i
l
I

      I
go l•O I
49 0.2i
      I
43 0.6i
      I

 oOl
 oo
 oe

83 1.1

27 0.2

59 0.6

 oo
 oo
 oo

l
l

i

l
j
l

60 1.0

27 0.2

62 0.7

 oo
 oe
 oo



384 Hisako Mu<i-HiRosiGE
    From this table it is coneluded' that the active substances are heat stable,
because the percentages of germinated pollen grains and tube }eftgths around
the steamed pistil slices are nearlY equal to those in the cases of fresh pistils.

Extraction of the substaRces from •the pistils was undertaken.

    Exp. 5. Eectractien of the .,a. ctiVe. sttbstances.

    Pollen grains of HiPPeast?tum hYbridecm, Narcissus tazetta and Liliztm longi-
fio?'u?n were spread around dried filter papers which had been steeped in the
water extracts 1, 2 or the chloroform extract from the pistils of H. Jzybridum
and L. longiflorum. IvEoreover, pollen grains of L. longiflorum, H. hybridum and
Antirrhinu??z ?najus were spread around the filter papers which had been steeped
!n water and chloroform extracts frQm the pistils of Gladiolus ga•ndavehsis.
    Results obtained in this experiment are shown in Table 8.

  Table 8. Pollen germinatien and tube growth to the water and chloroform extracts from
     the pistils of HiPPeastnem ltybridtc2n, Liiite?n tongifiorum and Gladiolus gandavensis.

'

l

Controi

Pollen grains

Distil.

water

gE. .,
' g6.    -E Y
     ts 288
(e/,) Cmm)•

-
Chloreform

rTr-gs .g
ggge"..ge

 (e/o) (mrn)

Extract

 Water           Water
extract 1          extract 2

 S.v_" .s
g8. E._t,i,

Ke/o) (mm):

g.Åë.a .fi

gg koo,

(e/.) {mm)

Chloroform
 extract
g_o" oes

gi, &,

(o/.) {mm)

a. Extracted from Hippeastru?n.

HiPPeaStrum hybridum
Narcissus tazetta

Lilium longiflorum

l 36

  23
  35

e.7

0.1

0.4

 41
 23

 20

o.2 l 46 o.g l 63

0.2 l 26 0.1               21
0.2 44 0.7               30

e.7 l 37 e.i
o.2 i 22 0.2

0.5 I 15 0.2

b. Extracted from Lilizent.

Lil•iu?n gongiflortt?n

HiPPeastrunt hybr•idu?n

Narcissus tazetta

35

36

23

0.4

e.7

oLl

20

41

23

o.2 l 4g o.g

o.2 3o e.1
0.2 34 0.3

'

31 0.7
38 e.7
18 0.3

"nml

'

14 0.3
39 0.7
25 0.2

c. Extracted from Gladiolus.

Lilium gongiflortem

HiPPeastrum hYbrid"m

Antirrhinunz ?najus

35

36

17

0.4

0.7

0.3

20

41

13

    l0.2 I 0    l
0.2 0
e.2 o

o

e

o

o

o

e

o

o

e

IooIoo
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    From thls table it is seen that in. the presence of an extract from Hippeastru?n,
tke promotion of the germination of HtppeastTuva is conspicuous with both the
water extracts 1 and 2 as compare'd with the chloroform extract. The pollen
tube growth of Lilium is promoted in the presence of both water extracts,
while the germination is promoted. •with the water extract 1 and is not affected
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with Åíhe water extract 2, and with the ch}oroform extract it is slighty arrested.
In A[arcissus the germination is slightly prometed with the water extract 1,
and the tube growth is sligktly promoted with tke water extract 2.
    In the presence of Lilium extracts, the germination and the tube growth of
Ligizcm and Narctssus are both promoted with the water extract 1, but with the
water' extract 2 tube growth is promoted but the germillation is almost equal
to that of Åíhe control. With the water extract 1 of Lilium, the germination of
Hippeastrztm is slight}y arrested and the tube growth is marked}y arrested.
This fact is in accordance with the result of Exp. 1, d.
    From the above results it comes to a conÅëIusion that the substances in
question, which control the germination and the tube growth, are watey soluble
and that the sttbstances are contained in the water extract 1.
    Moreover, each of the three extracts from pistils of Gladiolus shows inhib-
itory effects. These resitlts apparently indicate that the substances are both
water and fat soluble.
    Using the water extract 1 from Gladiogus, effects of diluted concentrations.
to germinatioR were examined. The water extract 1 wkich inhibited the germi-
natlon was diluted 100 and 10,000 times with distilled water. Strips of filter
paper were steeped in these solutions and then drled. The pol}en grains of
L. lo•n.utfiorum, H. hybridum and A. majus were spread around tkese filter papers

oll the culture medium.
    Results obtaiRed in this experiment are shown in Table 9.

    Table 9. Pollen germinations and their tube growth to dilutions of tlie first water
        extract from the fresh pistils of Gladiolus gandavensis.

Pollen grains

  Control
(distil. water)

Germinated Tube
  pollen length
  (0/e) (mm)

                   ILilite7n longifieruiii

HiPPeastrum i}ybridttm

Antirrhinum ma]'us

35

36

17

0.4

0.7

e.2

Concentration of extract
1 g/1,000 ml i 1 gltloo,ooo ml

-G'5'r''minateuma Tube                  Germinated Tube
                    pollen length  pollen length
   ("/o) ./g.i'(mmerp.IL.wwnd_.ww(..vO/Åë)ww....ndkm...mww>.T

23

45

15

0.3

0.3

e.l

5i

i8

0.4

0.1

    From this table it ls seen that diluted solutions have less inhibitory effect,
but rather promote the germination of HiPPeastrum.

                        Co"clusien and Discussion

    IR Lilium longifioru?n and Narcissus taeetta, germinations afid tube growths
of pollen gyains are promoted around the pistil slices of the same species;
wkiie in HiPPeastrum, around the style and evary slices they are promoted and
the germination is nearly equal to that of the controi around the stigrna s}ices
(Exp. 1, a). JosT (1907) reported that in HiPPeastrum aulicecm the germination
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was inhibited with the stigma tissue, but in the present study of HiPPeastrum
hNbridu'm pollen graiRs germinated around the stigma slices of the same species.
    In the genus Lilium, both germinatlons and tube growtks are promoted
around the pistil slices obtained from different species of the se.me genus. Itt
the genus Vicia there is no such promoting effects (Exp. 1, b).
    In cases where the sources of polien grains and pistils are of different
genus in the same family (Amarillidaceae), the promoting effect of the germination
is observable in most cases in the combinations of HtPPectst ntm 'S. Na7cissus, and
Narcisstts 'x•< HiPPeastrum, whereas ln the combination of CliviaNX. HiPPeastrum the
germination is markedly arrested. The tube growth in these combinations is
promoted in most cases, and in some cases lt is arrested slightly (Exp. 1, c).

    In the cases where the sources of pollen grains and pistils are of different
famiiies, tke premotiRg effect to both the germinfic.tion and tube growth is
conspicuous iR some cases (e.g. HiPPeastn"n hybridu}nÅ~Lilium longiflorum), and
the arresting effect is recognizable in some cases (e.g. LUkt'}n ele.cransx H. hNbrid-

.um), aRd the inhibiting effect is seen in some otlier cases (e.g. Gladiolus ga•ndav-
ensisÅ~L. Io?•zgifiorum).

    So far as the present investigation concerns, it is highly safe to conclude
that the pollen germination and the tube growth of one species are generally
promoted in the presence of a pistil of the same specles, wkile in the presence
of a pistil of remote reiationship they are promoted only in exceptional cases,
but in mest cases they are rather not affected or inhibited.

    From the above res"Its, it is seen that the pisti! tissue contains a substance
or substances which contrel the germinations and tube growths. The substance
is heat stable and diffuses from pistils on an agar culture rnedium. The sub-
stance which is contained in Lilinm and HiPpeastTu?n diffuses through celiulose
and collodion membranes, but the substance which is contained in Gladiolus
does not.

    The water extract 1 'lrom the pistils of Lilium and Hippeastrum promotes
the germinatioB and the tube growth. Therefore, it seems that the promoting
substances are water soluble.

    The next problem is whether the germination controlling substance and
the growth controlling substance are the same or ltot. When pollen grains of
Lilit"n and Narcissus are spread around the pistil slices of their own species,
both ehe ger_rnination and the tube growth are promoted (Table 1). But in
the case of CliviaxHiPPeastrwm, the germination is strongly arrested while the

 tube growth is not marl<edly affected (Table 3). I,Goreover, when the pollen
grains of HiPPeas'tru?n and Lilium are spread around stigma sli.ces of L. Iongi-
fiorttwa and NaTcissus i'espectively, the tube growth is arrested while the germl-
nation is almost equal to that of the control (Table 4). From the above results
it is concluded that the germination and the tube growth contro}ling substances

 must be different. In Table 9, lt is observed tkat, while the germination of
HiPPeastrum }•isbridum is promoted with the diluted water extract from the
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pistils of Gladi•eltts, the tube growth is arrested. This result supports the above

presumption..
    Ku}iN (1937) has presu.med tkat the same substance would be responsible
fer both tlke promotions of tihe pol].en germimation and the po!len tube grewth in
btiattiola. But KBHLwEiN (1948) laas reported tbat they wottld be different sub-

$tances. The resuks obtained by ADmcoTT (1943) have suppoyted the view
that 'the germiiiatioft of pollen graiRs and the growth of tlie pol}en tube- are
at least in part pkysielegtcally independeiit.
   A "_umber ef investi.t aters kave reported `that sever."•tl chemical substances,
sucli as indole acetic s.cid, boron, colchicine and VitamiR Bi, promote the pollen
germinatioR or the tube growth in vitro (SMiTK, 1942; ADmcoTT, 1943 ; O'KELLEy,
1957 ; FuKm et al., 1958 ; and otkers). But it is not clear whether these chemical
substances are working ln a pistil tissue or net.
   IR the previous paper (MiKi, 1961), it has been reported that po}len germi-
nations of some species are inhibited around some pistii slices aRd this inliibition

is of more frequent eases where tke plants from which tke pollen grains and
pistils obtained are in a rc•mote relationship eack with the other. IR the present
worl< the active substance or subs'tances which 2nliibit pollen gc-.rmination are
extracted from the pi'stik tissue of Gladiolus ge,ptdave•nsis, whose pi$til slices
inhibit pollen gerinination of mafty other different species. The substances are
water aiid fat soluble, and diluted solutions of the water extract 1 beceme to
be less inhibitory, and show ratker promoting effects. Tkerefore the exp]ana-
tloft is that one substance is containe(i in the pisti} tissue of Gladiolus at least,

and that sul)stance shows inhibiting effects in high concentration, while it
shows a promoting effect in }ow coitcentration. BRANscHEiDT (193G) and KuHN
(1937) reported that the percentage of pollen germination was markedly
decreased wlien the germimation promoting substance was concentrated. The
substaRces stated above wil} be discttssed in a ltext paper.

                               Summary

   1. Germinatlon percentage and tube }ength of pollen grains spreadaround
pistil slices belonging to the same or other species are examined. Then, exist-
ence aRd heat stability of tke active substarsces are examined, and extractien of
tkese substances is attempted.
   2. In Lilittm lo•ngiRo?'u•m, Nai'ctsstes taietta and HiPPeastrtgm Izybri.dz•{m, it is

seen tliat germeinati'on aricl tube growth are genera}}y promoted around the three
kinds of pistil $lices (stigma, style and ovary) of the same species (Table 1).
   3. In species in the same gentts, it is see-Å} that germination and tube growth
are promoted in Liliztm, but they are not affected in Yicia (Table 2).
   4. In the same famjly of Amai'illidaceae, it is observed tke.t germination
and tube growth of Narcisst6s tazetta are promoted aroup_d the pistil slices of
HiPPeastrwn hsbridum. Around the all pistil slices of Clivia nobilis, however,
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germination of H. l•tybridu•nz is markediy arrested, aRd tube growth is slightly
arrested around the seigma and ovary slices, while it is promoted slightly in
the presence of the style slices (Table 3).
   5. In different families, several cases are seen. In some cases germination
and tube growth are both promoted or both arrg,sted, and in some cases the
germination and tube growth are independently promoted or arrested frem the
other. Moreover, in otker cases, germination is inkibited entirely (Table 4).
   6. It is assumed that the pistll tissue contaiBs a substance or substaRces
which control the germlnation and a substance or s'ubstances which control the
tube growtk. These substances are heat stable and diffuse from pistils to an
agar cu}ture medium. The substances which are contained in Ligium a'nd Hip-
Peastrum di'ffuse through collodion and cellulose membranes but the substances
which are contained ln GIadiolus do not.
    7. Extraction of the controlling substances of germination and tube growth
ls made from the pistils of Hippeastru}n kybridun2 and Lilium longifiorttm and
that of the germination controlling substances from the pistils of Gladioitts
gandavensis. It is concluded that the former substances are water soluble and
the }atter water and fat soluble.

   The author takes pleasure in expressing her sincere appreciation for helpful
suggestions throughout this work to Professor N. SHiNKE and Dr. K. KATb of
Kyoto University.
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