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  SelfLincompatibility and  compatibility  of  65 citrus  accessions  werc  determincd by pollen tube  growth
in the  style. Lemon  was  sel"cempatible  whereas  the six  pumme[os  and  seven  out  of  11 its re[atives  were

se[fiincompatib[e.  Furthcrmore, among  sour  oranges  and  their relatives,  two  out  of  six  accessions  were,

]ikcwise, seleincompatjble  as  were  one  out  of  fivc sweet  orange  and  their relatives.  Every  yuzu and  its

relatives,excepthyuga-natsu,wercselficompatible.Ofthemandarinanditsrelatives,14outol'28aceessions

were
 
sclf-incompatible,

 
whereas

 calamondin,  a  kumquat relativel  and  Hedzuka daidai ofdiversc  origin

were  sclrcornpatibte.  Thirty-onc out  ot' 65 accessions  used  in this  study  were  seleincompatible.  Of  the
se]rincompatible  accessions,  clementine  and  

`Ariake',

 a  hybrid ofnavel  orange  and  clementine,  were  cross-

ineompatib]e. Thus, the incompatib[e gcnetypes  of  those  two  accessions  wcre  considcred  to be identical.

Key  Words:citrus, cross-incompatibility,  pollen fertility, pollen tubc, seleincompatibility.

Introduction

  Selrincompatibility and  parthenocarpy in Citrus are
very  important traits for iimit production because they
result  in seedless  fruit (Iwamasa and  Oba, 1980; Li,
1980; Yamamoto  and  Tominaga,  2002; Yamamoto  et

al., 1995). Without  parthenocarpy, however, cross

pollination is required  to achieve  stable t'ruit production
(Hearn, 1969; Krezdorn  and  Robinson, l958; Mustard
et  al., 1956; Reece  and  Register. 1961; Soost, 1956).
Thus, much  research  has been conducted  to determine
selflincompatibility  of  major  cultivars  and  many

accessions,  such  as  pummelos. These  studies  have
uncovered  cross-incompatibility  among  several artificial

hybri ds (Hearn, 1 969; Iwamasa  and  Oba, 1980; Krezdorn
and  Robinson, 1958; Li, 1980; Miwa, 1951; Mustard ct

al., 1956; Nagai and  Tanikawa, 1928; Ngo, 2001;
Nishiura and  Iwasaki, 1963; Soost, 1956, 1964;
Yamamoto  and  Tominaga,  2002).

  Soost (1969) reported  gametophytic incompatibi]ity
systems  in Citrus. He  determined the {ncompatibility (S)
allele  of  some  sel"incompatible  cultivars. Moreover, he
discovered the existence  of  one  selflincompatible  a]lele

among  selflcompatible  C, paradisi. Vardi ct  al. (2000)
and  Ngo  (2001) reported  the S genotypes of  several

important accessions  that are both selflincompatible  and

compatible.

  Although  various  studies of  sel"  and  cross-

incompatibility have been conducted,  determination of

incompatibility was  limited. Thus, there are  sti]1

unreso]ved  accessions  and  cross  combinations,  so  that,
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in this study,  we  examined  selfiincompatibility  of

various  accessions  and  cross-incompatibility  of  several

cross  combinations  that resulted  in new  selfL  and  cross-

incompatibility progenies. In addition,  we  proposed the

S genotype ot'  a  few accessions.

Materials  and  Methods

  Citirts accessions  were  grafted on  trifotiate orange

(PonciTus tr4fotiata) and  preserved in th¢  Toso  orchard

ef  the Faculty of  Agriculture, Kagoshima  University.

AII pollination experiments  were  conducted  during the
fiowering season  (late April to ear]y  May) in 2000 to
2004.

  Selil and  cross-incompatibility/compatibility  were

based on  by pollen tube  growth  in the style. The handi-
pollinated flowers that were  emasculated  and  enelosed

in bags to prevent open  po]lination were  collected  6 to
8 days later and  fixed in methanol-acetic  acid  (3:1,
vfv)  and  stored  at -200C until  use.  Squash  preparations
of  pistils were  stained  with  decelorized anilin blue
(Martin, 1958) and  examincd  by fluorescence micro-

scopy.  Sixty-five accessions  were  used  to det¢ rmine  selil

incompatibility and  compatibility  (Table 1). To
determine cross-incompatibility  and  compatibi]ity  of

clo$ely  related  seliincompatible  accessions,  eight  cross

pollinations were  conducted  (Table 2). The numbcr  of

potlen tubes present in the upper,  middle,  and  basal
portions of  the style  was  counted  and  their growth
behavior was  observed  to determine incompatibi]ity or

compatibi]ity.

  Ihe pollen fertiLity of  65 accessions  was  determined
according  to Ueno (1986) and  their yield was  categorized

into five grades: i, poor; 2, slightly poor; 3, medium;

4, stightly  rich;  and  5, rich. Example  of  accessions  with

poor, medium,  and  rich yield of  pollen werc  
`Encore'

372



Japanese Society for Horticultural Science (JSHS)

NII-Electronic Library Service

JapaneseSociety  forHorticultural  Science{JSHS)

Table 1.Pollen

IN'\'',.". (,r.

yeild anid  fertility and

Jupail,Soc,llort.Sci.) 75(5):372-37g.

seliLineompatibilitytcompatjbilityof2006. Citrnsaccessionsused inthisstudy,373

Classi-
        Accession
 ticca-

 tiOllnumberi

Pollen SclfincompaLibilitylcompatihitity

   Latin name

Cross combinatlonYearYield"Fenility
  (%)Year

 Nu, of
 davs
 ui'LerpoMnarien

N".of'fio-'ers
 ''"bserx,cd

 .No,

 
']bpOi'

 tlICstyle

ofpo]]en

 Middle

  o/fthc

  style

tubes"

 Base

 ofthe

 styre

SI orSC. Result
  ofprevlous

 reportV

Lemon

 36 Allell eureku

Pummelo

 56 Anseikan

 56 Banokall

 S6 Benjmadoka

 56  Chundler

 56 Hayasaki

 56 Suisyobuntan

Pummelo  relatives

 62  Marsh

 74 ltassaku

 77 Narato

 78 KawanonaLsudaidai

 79 Kjnkoji

 80 Tosa buntan

 8! Hyokan

 g3 Wlmabuki

 84 Sanbokam

C'it"us

cc',CJ.cC.CJ.

C.c(//(1:cU,CJ.(/t-c.

timon (L.) Burm. f.

mcecima  (Burm.) Merr.

maxima  (Burm,) Merr.

inctrima  (Burm.) Mcrr,

maxima  (Burm.) Merr.

maxima  (Bann.) Merr.

maxima  (Burm,) Merr.

paradisiMacfad.

ha,s'.gaku hort. ex  Tbnaka

ntedioglobo,sa  horl. ex  Thnaka

natsuclaidoi  Hayata

ebovoick]ahort.exl.Takah.

oottichihcrna  hurt, cx  Yu. 
'1'anaka

"nrpuUaceahert,exTanaka

l,amabuki  hort. ex  YL  Thnaka

sulcata  hort. ex  L Tlakah.

 -  Kawachi  bankam C, kebFachiensis hort. cx  im. Tunaka

 -  Southern yel]ow C. mutimaxCJ.  kinoimni

Sour orange  and  its relatii,es

 93 Kabusu  C. aurantiunr  i-
 93 Fuirj daidaj C. aurantium  L.

 94 Chinotto C. mp'rtijblia Rafin.

 95 ]<okugatsumikan  C,rokugatsuhort,exYLL.Tanaka

 99 Kikudaidai C, canalic,uiata  hort. ex  YJ, Tanaka

 -- ShiikuuU C, spp.

S",ect orange  and  its relatives

 TOO Hamlin  C  sinensis  (L.) Osbeck

 103 Tarumizu  lgo Cl tankan  1!ayata

 105 Miyauchiiyokan  C. i.y'o hort.ex Tlanaka

 -  Ariake C. sinensisxC.  clementina

 -  Murcott

Yuzu and  its relatives

 107 Hyuga-natsu

 1TO Kava'abatamikan

 113 Mizu

 114 11ana}ai

 11S Sudaehi

 121 Kabosu

Mandarin and  its
 123 Kunellbo

 123 Tokunin'

 l26 Keraji

parcntage

c.c.

     Cl

     c.

     (1

     c.retatives

     a

     c

     c.

uiikre"-,  probab[y taneur

tamu]'ana  h.orL. ex  Tanaku

aurea  hort ex  Tlanaka

junos Sicbold. cx  Tanaku

hanctiu Siebold ex  Shirai

suclachi  hort. ex  Shirai

sphaeroc'av]a  hort. ex  Tanaka

nobitis  .L･our,

nobiiis Lour.

keray'i hort. ex  Tanaka

2003

200320032003200320032002

200220012003200220032003200220022002

20032003

200320032003200220032003

2002200320022003

2003

20032002

2004200220022002

200220032001

3

535555

253535s44

s3

443253

3132

1

54

3333

433

54.5

93.489.197.097.293.090.4

12.095.9S3.780.097.491.177.488.384,3

93.77.62

79.974.646,596.387,873.7

85,336.986,O82.5

84.5

90.582.0

93.086.749.090.7

85.9go.g77,9

2004

200120012eo3200320032oe2

2oe2200020012002200120032002200220012002200320032003

200320042003200220032004

2oe320032U02200120032003

20032oe'l20022004200220022002

200120032001

6

666678

8667667867666

666766

667666

6676777

666

3

443443

5584435443444

533443

84s884

4653455

444

46.3

]7.328.S67.7<75.5<32.03ZO

54.2<27.4100<100<67.0<

 3.023.023561.3<

 13.018.026.01OO<

90.0go,3<91.0<

 1L5

 7.51OO<

54.2S6.0<.1OO<10,418.937.5<

 18.3100<80.8<1OO<11OO<87.4<1OO<

34

 3,95.

.o35<

15,7

1.7'L36.316.320,56.7

4L2<

 2.266.9<7L5<

 2.3

 o.o

 1.8

 o.g

 O.3

 o,o

 2.3

 1,3g4.g<

57.S26,O90,7<

 O.8

 4,O80.0<

24.324,3100<

 1.3

 O.437.0<

 o.o50.7<46.2<100<5T.O72.0<100<

O.5o.oO.8

10.3

O.8o.o4,3o.oO.52,3

222

 o.o2S.O<31.0

 1.0

 o.o

 1.2

 O.8

 o.o

 e.o

 o.o

 o.o38.8

10.4

 7.750.0<

 O,3

 o.o64,O

11.713.023.3

 o.o

 o.o31.5<

e.o30.033.S100<24.321.439,4

O,3o.oO.5

sc

STSISIs.ISISI

scSIsCscSISISISTs.[SIst'Slsc

scscscSISTsc

scscscs[SIsc

SIscsc.scscscsc

SlSIs'[

SI{11),

SI(10)S[(IDS[(9)Sl(11)

SI(5)

SC(11)

 ST(8)SI(11}

 SI(bSC(11)

S]C7)

SC(11)

Sl{2)

SC(11)

SC(11)

Sl(1)

ST(l2)

(Continuedncxtpagc)
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Table1,Continued.

Classi-

 ficca-

 Liennumbeff

Pollen Selfincomp?tibility/compalibility

Accession   Latin name
Cross combinationYcarY{e]d'

 Fcrtility

      {dva)Year

 Ne. of  No. or
     davs i]e-'ers
     i]fter obsen,ed

    pallinatitm

No. ofpollen  tubesX

Top Middle  Base
oftllc  ofthe  ofthe

style  stylc style

SI or Result

SC" of

   prcvious

    rcport'

12612613013113213313414314514gl49153

153l53154

KabuchiNatsukinin'

Ybshida ponkan

Mediterranean

Usukawa"DancyClemcntine

TachibanaKinokuniSunkiCleopatraShiikuwaslia

Shiikunin (A)t
Shiikunin (K)[
Koji

 -  Kimikan

 ･- Kozu'

 -  Encore

 -  Fortune

 
-

 Hareyaka

 -  Nova

    Page

 -  Ybukou

 -  Amakusa

 -- Minneota

Kumquat  retatives

 159 Calamendin

Miscellaneous

CJ. keroji hort. ex  Tanalaa

C. kercv'i hort. ex  Tbnaka

C. retic'utata  Blunce
C/. deticiosa Ten.
C]. genshokan hort, ex  Tunaka

C, tangerina hort. ex  1lanaka

CJ. clementina  hort. ex Talraka
C/. tachibana  (Makino) Tanaka

C. kinoimni hort. cx Tanaka
C  ,s'unki (Elayuta) hert. cx  Thnaka

C. reshni  hort. ex Tanaka
C, depressa Huyata

200220032002200220022002200320022002200220022002

C/ dLu)resh'aHayata 2003

C. depFessa Hayata 2003

C. ieiocarpa hort. ex  Tanaka 2002

('. ,flavicuipus' hort. ex Tlanaka 2003

C. spp. 2003

C, nobitis  xC  deliciosa 2004

C  ciementinax  C, tangerina  2002

Encore x  C/. reticutata
C. ciementina  × Orlande"
MinneoTax  C'. clementina

Kiyomi'L x  C  twticuiata

KO14PxPage

C. paxadisi x  C, tangerina

C. maduren,sis  Lour,

200120022oe3200320032003

2003

231112332233

232

43121L3123

3

89.094.995252.696.096.689.473.995,49g.696.987.7

97.195.391.5

58.595.292.8g7.688,975.186.089.484.386.4

77.4

20022003200220022002200220032002200220022ee22002200320032003200I2003200T200320042002200320022003200320032003

2003

768777777888676666667676666

6

545534455355444347255454444

4

l5.329.086.0<100<100<100<27.STOO<100<100<leo<10.011.S86.e<27.339.346.3

 6.31ee<100<14.838,3<15.638.541.09S.3<13.S

49.3

 1,O

 l.O56.6<89,2<68.3<100<

 4.3892<39.2<lee<100<

 3.4

 o,o76.0<

 l.7

 4.S13.8

 1.4100<1OO<

 1,432.8<

 o.o13.821.372.32.]

36.5

 O,2

 o.o28,252,O<11.3]oo<

 O.752.0<

 6.284.0IOO<

 o.o

 o.o65.g<

 o.o

 O.3

 LS

 1,O1OO<100<

 O.628.5<

 o.o

 t.8

 9,326.5

 e.o

20.5

STs].scscscscSTscscsCscSISIscSTs[SISTscscs[scSIs]scscst

sc

Sl(11)

ST(11)Sl(4)SC(11)

SC(Ll)

SC(11)

SJC6)SI<6)

SI(3)

    Hedzuka  daidai C. spp. 2002 5 53.3 2002 7 S 84.0< 40.2 132  SC

i Classified by l'yozaburo llinaka's systenl  (Tunaka, l969, T977). 
'
 

-

}
 1/ poor, 2/ slightl}, poor, 3: mcdium,  4/ slightly  rielt, 5: rich.
X
 When numbers  of  obscrved  po]len tubes  were  morc  thun 1OO, we  recorded  it '1OO<',

 ln this case, wc  could  not  calucu]ate  exact  mean  number.

 We  ealuculated  meaii  number  
`1OO<'

 as  1OO, and  add  
`<'.

"
 SI: seleincompatibility,  SC: selrcompatibility.

'

 Number  indicatcs source  reference.  1: Nagai and  Tanika",a (T928), 2/ Miwa  (19S]), 3: Mustard (19S6), 4/ Soost (1956), 5/ Nishiura and  {watiaki

 (1963), 6: Ilcarn (1969)i 7/ Mishima  and  [naba <1971). 8/ Yamada  (198g), 9: Okudai eL aL  <1991), 1O: Ylamada et aL  (1993), 11/ Ngo  (2001),
 12: Yamurnoto and  Tommaga  (2002),
"
 ].ocal accesion  which  was  collectcd  in kikai-J'ima island.
'
 Loca] accesion  -,bich  was  eollected  in Ik)kuno-shima island.
S
 Local acccsioll which  was  collected  {n lylaku-shima islund.
'
 C. paradisix  C. Iangeriiia.
g C/. unshiu  x  C, ,sinensis.
P Kivoniix Cl unshiu.  '

(C. nobitis  x  C. deticiosa), 
`Miyauchi

 iyokan' (C. i.vo)
and  hassaku (C hassaku), respectively.  Citnis aecessions
were  basically classified  according  to Tanaka's system

(Tanaka, 1969, 1977).

           Results and  Discussion

PoUen  yield andfortility

 Pollen yield and  fertility of  alL accessions  were  rated

before their selflincompatibi]ity  status  was  determined.
The reason  for poor pol]en tube  growth  in the style fbr
po]len sterile  accessions  cou]d  be attributed to male

sterility or  selNncompatibMty  (Vithanage, 1986).

  In many  aceessions,  pollen yield was  rated as 3

(medium) to 5 (rich) and  fertility was  in excess  of80%.

The  pollen fertility of  
`Marsh'

 was  the lowest at 12.0%.
Althoughsomeaccessionsproducedpooryietdofpollen,
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Table 2.Cross-ineompatibilitytcompatibility  ofrclated  accessions  of  Citrus.

 No. ofdays
 after

pollination

No. offiowersobservcd

kpofthcsbyle

No. oC  poLlcll Lubes`

Cross Clombination year Middleofthesty]eBaseefthestyle
CI  orco'Resutt

 ofprevious

 report!

Ariakc'VxCtcmentine

ClcmentinexAriake'"

C]ementinexPagc"

Minneola x  Page'

Nova"xMirmeela'

Nova'ix(/lementinc

Neya"xPagc'

Pagc" x  Clcmentine -Havasaki'xBenimadoka'

BelliainanatsuxAriakc

Beniamanatsu × Clementine

20022003200220032003200320022002200320032003200320038688767866666s45g445544444 7,633.8

 6.824,790.0<100<100<70,6<100<100<100<100<100<

 L2l5.g

 3.e

 2.76o.g<1OO<73.467.4<7t.388.8<100<83.3<100<

 e.e

 U.3

 02

 e.o42.g<100<37.854,6<31.527.5leo<46.7100<

ctCICITcicccc･CCccCCCCccc/cCC

Cc.x

' When n'umbers  ofobserved'pollen  tubes wcre  more  than TOO. we  recorded  it '1OO<'.

 We  ca]uculatcd  mean  nunnber  
'1OO<'

 as 1OO, and  add  
'<'.

Y C[: cress-incompatibitity,  CC:  eross-compatibi]ity.
X
 Rcported by  Hearn {1969).

"'
 Seike nai,el  xe[ementine,

yMinneotaxclemcntine.

"
 clernentine  x  Orlanldo.
t
 DvtaLou buntan x  Hirado bunturi.

In this case,  ",e  cou]d  not  calucu]ate  exact  mean  number.

pollen fertility was  high except  in `Tarumizu

 1 go'

(36.9%) and  mediterranean  (52.6%) (Table 1). When
flowers of  

tKawano

 natsudaidai'  were  pollinated with

pollen of  
`Tarumizu

 ] go', the mean  length of  pollen
tubes in the  pistil were  71.3, SO.3, and  22.5 in the  upper,

middle,  and  basal part of  the  style  respectively.  This

indicates that 
`Tarumizu

 1 go' produces sufficjent  viab]e

pol]en, Although  pollen fertility of  
`Marsh'

 was  lower

than that of  
CTarumizu

 1 go', pollen yield of  the  fonmer
was  a2  compared  to 1 in the]ater; so  that the diiference

in the total amount  of  viable  pollen grains produced
slight. Thus, we  considered  that these  cultivars  produce
enough  viable  pollen to determine selfiincompatibility

or compatibility,  although  the total amount  of  viable

polren grains of  those  three accessions  was  categorized

as  poor to slightly poor.

SkeLlrincompatibitity!compatihiliO,

  Polren tube growth was  strongly  inhibited in the

accessions  kriown to be selCincompatible  (Table 1), such

as hyuga-natsu (Miwa, 1951) and  hassaku (Nishiura and

Iwasaki, 1963). Moreover, tbose pollen tubes  were

abnorrnally  twisted and  fiIled with  heavy  and  irrcgular

callose  (data not  shown).  However,  in selficompatible
`Kawane

 natsudaidai',  many  normal  pollen tubes

penetrated into the style (Table 1). These results  agree

with  those ofNgo  et al. (2001). Thus, both the  nurnber

ofpolien  tubcs and  the pollen tube behavior in the styles

were  used  as indices for judging incompatibility or

compatibility  in this study.

  The results  of  selrincompatibility  or  compatibility

testing of  65 Citrus accessions  (Table l) revealed  that

lemon was  selrcompatible,  whereas  the six tested

pummelos  and  seven  out  of  11 relatives  were  self

ineompatible. Among  the sour  orange  and  its relatives,
two out  of  six  accessions  were  selrincompatible.  Within
the swcet  orange  and  its relatives,  one  out  of  five
accessions  was  selfincompatible.  But every  yuzu and
its relatives,  except  hyuga-natsu, were  selflcompatible.

Fourteen out  of  28 accessions  of  mandarin  and  its
relatives  were  selfincompatible.  Both  calamondin,  a

kumquat relative,  and  Hedzuka daidai of  miscelianeous

were  self-compatible.  Therefore, 31 out  of65  accessions

examined  were  selrincompatible.

  Ngo  (2001) revealed  that selfincompatibi]ity  reaction

between pollen tubes and  style  is classified  according

to degree of  selflincompatibility  of  each  portion of  the

style.  Some  selfincompatible  cultivars  such  as 
`Hirado

buntan' showed  moderately  selrincompatible  in top of
the style  and  highly seliincompatible  in base of  the

style.  In our  result  with  
`Benimadoka',

 67.7<, 6.3 and

4.3 pollen tubes were  observed  in the top, rriiddLe  and

base of  the style,  respectively,  The selflincompatibility

reaction  of  
`Benimadoka'

 is similar  to 
`Hirado

 buntan':
moreover,  their pollen tubes exhibited  abnormal

behavior, typical of  selfineompatible  accessions,  as  we

and  Ngo  et  al. (2001) observed  in hyuga-natsu and

hassaku. Thus, LBenimadoka'

 was  judged as  selfL

incompatibile, whereas,  Fuiri daidai, kinokuni and

`Youkou'

 were  classified  as  to selfLcompatible  even
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Tabte 3.Rc]ationship bcLween presumed  S-genotype ot'  Seike nave]  (Cl sinensis),  ctementine  and  Ariake.

                                                      PresumedgcnotypeofAriakc
      Cross combination  11ypothcsis Genotype of  parents,
                                                              {Sl)}･
Seike navet  (SC)ixClementine (SI)J' 1 ,X,S, × ys. SZEt. StS}i, ,Xg.  SS}

-.  . -2  
S.s,xEleS,

 
StS,",StS,

X

 SC: selficompatibMty,  S[: scllincompatibility.
'
 Sc,: compatible  altelc:  S,. S. and  .g: incompatible alle]es."
 Smcc  these genotypes are  

'selflcompatible,
 they are not prcsumed genotype of  selNncempatible  

'Atiake'.

though  less than  ten pollen tubes were  observed  in the
base of  the style. Normal pollen tubes penetrated into
the style  in these  accessions.  The number  ofviable  pollen

grains and  their speed  of  growth seerr] to affect  how
many  reach  the base of  the style.

  To  our  knowledge,  this study  is the first to report  seli

incompatibility in 13 out  of31  accessions;  the status  of

the remaining  18 accessions  were  previously reported

(Table 1). Our results  generally agree  with  those

previously reported,  the exception  is that ofshiikuwasha
(C. depressa) which  Ngo  (2001) found to be se]ti-

compatible,  whereas  our  accessions  were  found to be
both selfiincompatible  and  compatible.  Accessions of

C. doj)ressa exhibit high genetic variability  (Yamamoto
et  al., 1998), so  that selfiincompatible  a"d  eompatible

accessions  probably exist. Thc wide  variations  in the

morphology  ofkeji  (Iwamasa, 1976) may  be attributed
to the use  of  different accessions.  Similarly, our  results

with  both dancy and  sanbokan  disagreed with  these  of

Ngo (2001) although  typical strains  were  experimented.
`Amakusa'

 has been considered  to be selfincompatible
because it produces viab!e  pollen and  nearly  seedless

fruit (Matsumoto et  al,, 1999), but we  found it to be

se]flcompatible.

  Ngo  (2001) fbund that a]1 71 pummelo  accessions

examined  were  selfiincompatible  as  were  six  accessions

that we  examined.  These results  indicate that all

pummelos are selfiincompatible.  Since pummelo  (C.
maxima)  is a  basic Citrus species  and  the ancestor  of

various  citrus  accessions  (Yamamoto et  al., 1993), it
may  be a major  source  of  incompatible allele.

  Mandarin is also  censidered  to be a  basic Citnis
species  (Yamamoto et  aL., ]993), but some  accessions

exhibit  genetic traits of  the pummelo,  For example,

kunenbo seems  to be a  tangor  (hybrid of  sweet  orange

and  mandarin)  that carries  genes ori'ginating  from
pummelo,aprobableancestorofseveralmandarins,such
as keraji and  kabuchi (Ngo, 2001). Although  ineompat-

ible alleles  of  these accessions  may  originate  in
pummelo, mandarins  that originated  in China (mediter-
ranean,  kinokuni and  sunki)  and  India (`Yoshida
ponkan', dancy and  cleopatra)  are  considered  to be true
mandarins  that are  selrcompatible,  Two  out  of  three

accessions  of  C  depressa that originated  in Nansei
(SouthWest) islands ofJapan  are  selflincompatible  but
carry  no  morphological  traits of  pummelo,  sweet  orange

or  kunenbo. The  origin  of  this species  is unc]ear,  but it

may  be a  hybrid oftachibana,  a Japanese mandarin,  and

Chinese mandarin  (Yamamoto et  al., 1998). Further

studies are needed  to reso]ve  whether  incompatible
alleles  of  C. del)re,s'sa is derivative ofJapanesc  mandarin

or  pummelo.

Cross-ineotupatibitipt'ompatibilit.v

  Pollen tube  growth in the styles  of  
`Ariake'

×

clementine  and  the reeiprocal  cross  combination,

clementine  × 
`Ariake'

 was  inhibited, although  both
accessions  couldproduce  viable  pollen (Table 2), so  that

those two  accessions  are  cross-incompatible  ofidentical

genotype. On  the other  hand, cross-incompatibility  was

not  found in the other  seven  cross  combinations

(Table 2).

  Selflincompatible hybrids with  known pedigree are
very  usefu1  for estimating  the S genotype; Soost (1969)
reported  the S genotype of  several  hybrids and  their

parents. This study  revealcd  that clementine  and  its
progeny 

'Ariake',

 a hybrid from  
"Seike

 navel'  (C.
sinensis)  ×  clcmentine  (Yamada et  al., 1995), have the
same  S alleles. Determining selffincempatibility  or

compatibility  of  
iSeike

 navel'  is impossible because it
is male  sterile and  all mcmbers  of  C. sinensis  are se]f

compatible.  Our rcsults also  show  that 
`Hamlin'

belonging to the same  species  is, likewise, selr

compatjble.  Hirai and  Kajiura (1987) also  revea]ed  ]ow
genetic variability among  C. sinensis.

  We  propose the S genotypes of  
`Seike

 navel',

clementine  and  
`Ariake'

 (Table 3). `Seike

 navel'  has one
S allele because its progeny  

`Ariake'

 is self

incompatible. When  
`Seike

 navel'  and  clcmentine  have

the  same  S allele,  
`Ariake'

 and  clementine  are  eross-

incompatible.

  The  prescnt study  uncovered  an  incompatible al]ele

in three accessions  whose  origin  we  plan to trace by
hybridizing more  accessions  ofknown  parentage.
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カ ン キ ソ に お け る 自家お よ び交雑不和合性

tlg本 雅 史 ・久 保達也 ・冨 永茂 人

鹿 児島大学 農学 部 　89〔ト0065 鹿 児島市郡元

　 カ ン キ ツ に お け る 自家 不 和合 性 は 結実不 良の 原囚 とな

る こ と もあ る が，単為 結 果 性 が 備 わ った 場 合に は 無核果

の 生 産 に つ な が る 重 要 な 形 質 で あ る．そ の た め，本 研究

で は 主 と して わ が 国原産の カ ン キ ツ 類 65 種 ・品種 （以

ド，品種 と略 ） を 供 試 し て ，そ の 自家 不 和合性 に つ い て

解 明す る と と もに，血 縁 関 係の あ る 自家不 和合性品種間

の 交雑不 和合 性 に つ い て も検 定 した ．なお ，不和合性 は

花柱内の 花粉 管伸 長 に よ っ て 検 定 した ，レ モ ン は 自家和

合性 で あ っ た．ブ ン タ ン で は 6 品 種す べ て ，ブ ン タ ン 類

縁種 で は 11 品 種 中 7 品 種，ダ イ ダ イお よ び そ の 類縁種

で は 6 晶 種 中 2 品 種，ス イート オ レ ン ジ お よ び そ の 類縁

種で は 5 品種中
‘
あ りあ げ の み の 1 品種，ユズ お よ び

そ の 類縁種 で は 5 品 種 中 ヒ ュウ ガ ナ ツ の み の 1 品種，マ

ン ダ リ ン お よ び そ の 類 縁 種 で は 28 品種巾 14品種が 白家

不 和合 性 で あ っ た．キ ン カ ン 類 縁 の シ キ キ ツ お よ び 分類

上 の 位 置 が 不 詳 の 辺 塚 ダ イダ イ は 白家 和含性 で あ っ た ．

す なわ ち，木研究 で 供試 した カ ン キ ソ 全 65 品種巾 31 品

種 が 自家不 和合性 で あ っ た ．交 雑 不 和合性 は ク レ メ ン

テ ィ ン とそ の 後代 で あ る　
‘
あ りあ け

’
との iEme交雑で の

み 認め られ，両 者 の 不 和 合 性 に 関す る 遺伝子型 が一
致 し

て い る と推定 で きた，
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