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Abstract
In  its  native  South  Africa,  Oxalis  pes-caprae  is  represented  by  diploid  and  tetraploid  races;  the

short-styled,  sterile  pentaploid  race  reported  as  a  noxious  weed  elsewhere  is  apparently  uncommon
there.  South  African  plants  have  trimorphic  flowers,  but  the  three  morphs  usually  are  not  present  in
equal  proportions  in  natural  populations.  The  diploid  and  tetraploid  races  of  the  species  have  a  well-
developed  incompatibility  system  associated  with  their  floral  trimorphism.  Outside  South  Africa,  the
species  is  represented  not  only  be  a  fairly  sterile  short-styled  pentaploid,  but  sexual  tetraploids  are
known  as  well.  Although  the  latter  may  have  resulted  from  independent  introductions,  low  levels  of
sexuality  in  the  pentaploids  also  could  account  for  the  origin  of  tetraploidy  in  situ  as  a  consequence
of  the  union  of  diploid  gametes,  and  may  account  for  the  occasional  spontaneous  appearance  of  mid-
styled  plants  in  populations  of  the  short-styled  pentaploid.  Pentaploidy  hkely  resulted  from  the  union
of  an  unreduced  gamete  of  a  tetraploid  with  a  haploid  gamete  of  a  diploid  and  presumably  developed
in  South  Africa.  Since  weediness  is  characteristic  of  many  populations  of  the  native  diploids  and
tetraploids  in  South  Africa,  pentaploidy  per  se  cannot  be  implicated  in  the  origin  of  weediness,  nor
is  there  evidence  of  any  aggressive  superiority  of  the  short-styled  morph  in  the  sexual  races  in  South
Africa.  Why  the  pentaploid  is  such  a  successful  weed  outside  South  Africa,  but  apparently  less  successful
as  a  weed  than  the  diploids  and  tetraploids  within  South  Africa,  is  unknown.

Oxalis  pes-caprae  L.   is  a  troublesome  and  and  chromosome  cytology  of  plants  originating
widespread  agricultural  and  garden  weed,  par-  in  South  Africa  were  studied  in  the  hopes  of  elu-
ticularly  in  areas  of  the  world  with  a  mediter-  cidating  the  events  that  led  to  the  origin  of  the
ranean  climate  such  as  central  Chile,  the  Medi-  aggressive  weedy  races  from  the  native  races.

Materials   and  Methods

Bulbs  collected  from  natural  populations  of

terranean  basin,  parts  of  Australia,  and  California
(Salter,  1944;  Young,  1958;  Munz,  1959;  Mi-

chael, 1964).  The  species  is  native  to  southern
Africa,  where  it  is  variable  (Salter,  1944),  and  Oxalis  pes-caprae  in  the  Cape  Province  region
where  it  is  distributed  from  Namibia  (South  West  in  South  Africa  in  1 970  and  1 97 1  were  later  grown
Africa)  southward  to  the  Cape  region  and  around  at  Berkeley  for  chromosome  studies.  One  col-
the  Indian  Ocean  coast  at  least  as  far  north  as  lection  was  provided  by  Sherwin  Carlquist.
the  Knysna  area,  sometimes  ranging  well  inland.  Chromosome  numbers  were  determined  by  ex-
There  it  occurs  as  a  "well-behaved"  native  of  amining  microsporogenesis  in  flower  buds  of
relatively  undisturbed  sites  as  well  as  a  weed,  these  cultivated  plants  preserved  in  3  :  1  elhanol :
and  it  is  particularly  common  in  vineyards  and  acetic  acid  and  stained  in  acetocarmine.  Bulbs
along  roadsides.  In  southern  Africa,  the  species  collected  by  Peter  Goldblatt  from  two  localities
is  tristylous  (Fig.  1),  but  throughout  most  of  its  in  1984  provided  plants  used  in  an  artificial
exotic  range  it  is  represented  by  a  short-styled  crossing  program  to  determine  the  presence  and
form,  which  is  pentaploid  {2n  =  35),  and  which  nature  of  an  incompatibility  system  in  this  tri-
reproduces  asexually  via  bulbils.  In  parts  of  its  stylous  species.  These  localities  are  an  aban-
exotic  range,  tetraploid  and  presumably  sexual  doned  farm  near  Noordhoek,  Cape  Peninsula,
populations  also  occur,  though  less  commonly  and  a  vineyard  at  Rustenberg,  near  Stellenbosch,
than  the  sterile  pentaploid. Cape  Province.  The  two  localities  are  ca.  50  km

In  view  of  the  importance  of  this  species  as  a      from  each  other.  Crosses  were  made  in  the  spring
weed,  certain  features  of  the  reproductive  biology      of  1985  and  1986  by  transferring  pollen  from
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Figure  1.  Illustrations  of  gynoecia  and  androecia  of  the  three  floral  forms  of  Oxalis  pes-caprae.  The  des-
ignation of  each  floral  form  is  given  below  each  illustration.  The  stigma  and  anther  level  designations  used  in

the  text  are  given  to  the  right  of  the  figure.

dehisced  anthers  to  stigmas  under  insect-free  tions,  morph  ratios  of  Longs  :Mids:  Shorts  were
conditions.  Seed  set  was  determined  by  collect-  1:1:1,  both  populations  were  considered,  with
ing  nearly  mature  capsules  and  counting  the  seeds  some  doubt,  to  be  non-weedy.  In  four  popula-
released  by  them  in  seed  packets.  Pollen  size  for  tions,  morph  ratios  deviated  from  equality.  In
the  three  morphs  was  determined  by  mounting  one  of  these,  Longs  were  deficient;  in  another,
fresh  grains  in  aniline  blue-lactophenol  and  mea-  Mids;  in  third,  Shorts;  and  in  the  fourth.  Longs
suring  them  with  an  ocular  micrometer;  pollen  and  Mids  were  greatly  outnumbered  by  Shorts,
stainability  was  determined  by  counting  the  Three  of  these  four  populations  were  character-
number  of  stained  grains  in  a  sample  of  100  ized  as  weedy  (two  for  which  chromosome  counts
mounted  in  this  medium.

Results

are  available  were  tetraploid).
Pollen  size  and  stainability.     Pollen  si/e  of

diploids  and  tetraploids  is  trimorphic  (Table  1).
Chromosome  numbers.     Seven  of  the  nine  na-      Pollen  from  the  long-level  anthers  is  largest,  that

tive  populations  examined  were  tetraploid  {n from  mid-level  anthers  is  smaller,  and  that  from
1 4);  two  were  diploid  (n  =  7;  Table  1).  Previously  short-level  anthers  is  smallest.  Pollen  from  an-
published  reports,  summarized  in  Table  2,  in-  thers  at  equivalent  levels  in  different  morphs  was
dicate  only  tetraploidy  and  pentaploidy  for  the      generally  of  the  same  size  within  a  population,
species.

Weedi
but  there  were  interpopulation  diflferences  in  pol-

The  two  diploid  populations  and      len  size  from  equivalent  anther  sets.  There  was
four  of  the  tetraploid  populations  were  growing  no  correlation  between  diflferences  in  pollen  size
under  disturbed  conditions  such  as  roadsides,  and  in  chromosome  number  of  the  diploids  and
vineyards,  or  grainfields  and  were  considered  tetraploids.  Pollen  from  presumed  pentaploids
weedy;  the  others  occurred  in  undisturbed  con-  collected  in  California  was  extremely  variable  in
ditions  and  were  considered  non-weedy  (field  data  size,  even  from  an  individual  anther.   Pollen
are  lacking  for  one  tetraploid  population;  Table  stainability  of  diploids  and  tetraploids  was  vari-
1).

Morph Morph
able,  but  was  mostly  over  60%.  One  Short  tet-

raploid {7038.  Table  1)  had  pollen  with  1 2%  and
ported  earlier  (OmduflT,  1974).  In  two  popula-      25%  stainability  from  its  two  sets  of  anthers.  One
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Goldblatt  s.n.:  Noordhock,  n  =  \4
Cape  Peninsula (81%)

(88%)
Carlquist  s.n.:  South-

western Cape  Prov-
ince

California,  U.S.A.:
Orndufl^5.^7.:  Univ.

California  campus,
Berkeley

R.  Dulberger  s.n.:  as
above

R.  Dulberger  s.n.:  Col-
lege Ave.,  Berkeley

n 14

Long
Mid   -;   -
Short  — ;  —
Long
Mid  50.8;  4.84  (92%)
Short  49.7;  4.37  (67%)

(93%) (88%)
(79%)

-;  -         (78%)
40.2;  2.46  (80%) 32.0;  L93(46%)

34.5;  2.01  (96%)
41.8;  3.71  (63%)

Short
Short

(62%)
(58%)

(87%)
(51%)

Mid (49%) (58%)

Mid (32%) (29%)

set  of  anthers  of  a  few  other  collections  (e.g.,  8053  ranging  from  29%  to  87%.  However,  these  pollen
Mid,  Carlquist  s.n.  Long)  had  pollen  with  low  grains  were  variable  in  size,  and  the  total  number
stainability.   The  two  collections  used   in  the  per  anther  was  reduced  compared  with  pollen
crossing  program  had  pollen  stainabililics  ex-  production  of  diploids  and  tetraploids  as  esti-
ceeding  62%.  Presumed  Short  pentaploids  col-  mated  from  the  density  of  the  pollen  grains  on
lected   in   California   had   pollen   stainabilities  the  prepared  slides.
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Table  2.     Published  chromosome  counts  of  Oxalis  pes-caprae

Chromosome  Number       Locality  of  Population  Examined

2n  =  28

2n  =  34

2n  =  ca.  35
2n  =  35

Cape  Town,  South  Africa
India  (garden  plants)
Madeira
South  Australia
Western  Australia
India  (Punjab)

Italy
Unknown
South  Australia
Western  Australia
Cape  Town,  South  Africa

Reference

Marks,  1956
Mathew,  1958
Borgen,  1974
Oram  in  Symon,  1961
Michael,  1964
BirandSidhu,  1978,  1979,  1980
Sidhu,  1979
Vignoli,  1935,  1937
Yamashita,  1935
Oram  in  Symon,  1961
Franklin  in  Michael,  1964
Franklin  in  Michael,  1964

Compatibility  relationships.     Table  3  presents rph
summarized  results  for  various  crosses  using  par-  be  more  common  in  weedy  South  African  races
ent  plants  from  Rustenberg  and  Noordhoek.  Le-  than  in  non-weedy  ones  and  are  likely  a  conse-
gitimate  pollinations  are  those  between  anthers  quence  of  vegetative  propagation  that  is  cn-
and  stigmas  at  equivalent  levels;  all  other  pel-  hanced  by  physical  disturbances  of  the  habitat

1877).  during  agricultural  or  road-building  activities.►arwin
Only  4%  of  the  illegitimately  pollinated  flowers  Morph  ratios  were  found  in  which  Longs,  Mids,
produced  capsules  compared  with  87%  of  the  and  Shorts,  respectively,  were  deficient  in  num-
legitimately  pollinated  flowers.  The  average      bers.  Each  unequal  morph  ratio  differed  from  the
number  of  seeds  per  pollination  obtained  from
legitimate  crosses  was  1 5.9;  from  illegitimate  ones

0-0
Intcrmorph
10-0.5  seeds

termorph,  legitimate  pollinations  produced  13.0-

others,  with  no  morph(s)  predominating  overall.
Thus  there  is  no  basis  from  observation  of  native
races  that  accounts  for  the  fact  that  the  aggressive
morph  outside  South  Africa  is  short-styled.

Over  most  of  its  exotic  range  of  distribution,
Oxalis  nps-canrac  annears  to  be  reoresented  bv

20.9  seeds  per  pollination.  The  two  populations  a  fairly  sterile,  pentaploid  short-styled  morph.
used  in  the  crossing  program  produced  similar  As  early  as  1887,  Hildebrand  noted  the  preva-
results  for  all  classes  of  crosses.  Seed  production  lence  of  this  short-styled  form  and  its  lack  of  seed
of  Shorts  following  legitimate  pollinations  was  set.  Henslow  (1891,  1910)  also  noted  these  fca-
slightly  greater  than  that  ofthe  other  two  morphs.  tares  and  described  in  some  detail  the  means  of
Both  populations  are  tetraploid  (Table  1).

Discussion

vegetative  reproduction  later  amplified  by  Galil
(1968).  Where  introduced,  the  species  is  distrib-

uted by  human  agents  and,  in  places,  by  other
In  its  native  range  in  South  Africa,  Oxalis  pes-      animals  such  as  the  mole-rat  (Galil,  1967)  or  by

caprae  is  represented  by  indigenous  weedy  and      birds  (Young,  1958).
non-weedy  races  with  a  conventional  tristylous  Despite  the  high  level  of  pollen  sterility  ofthe
floral  morphology,  including  pollen-size  tri-  short-styled  pentaploid,  it  apparently  reproduces
morphism,  and  a  fully  developed  trimorphic  in-  occasionally  by  seed.  This  may  result  from  self-
compatibility  system.  Individuals  are  strongly  or  geitonogamous  poUinalions  in  populations
self-incompatible  and  illegitimate  cross-polli-  where  Shorts  alone  are  represented.  Illegitimate
nations  produce  little  or  no  seed.  Legitimate  pol-  pollinations  of  sexual  Shorts  carried  out  in  the
linations  produce  considerable  quantities  of  seed.  present  study  produced  small  amounts  of  seed.
The  pentaploid  form  has  been  reported  from  that  which  oflTers  support  for  this  suggestion.  Vignoli
country  as  well  (Michael,  1964),  but  it  is  unclear  (1937),  in  an  embryological  study  ofthe  species,
how   common   this   race   is   there.   noted   rare   sexual   reproduction   in   the   pentaploid

In  South  Africa,  tetraploids  are  apparently  more      but  concluded  also  that  apogamy  may  rarely  oc-
common  than  diploids,  but  weedy  populations      cur  in  this  race.  Another  line  of  evidence  for
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Table  3.  Results  of  legitimate  and  illegitimate  pollinations  in  two  populations  of  Oxalis  pes-caprae.  The
first  figures  summarize  results  for  the  Rustenberg  population;  the  second  figures  summarize  results  for  the
Noordhoek  population.

Style  Length  (5  parent)  x
Anther  Level/Style  Length

{$  parent)'

Number  of
Flowers

Pollinated

Self-pollinations  (all  illegitimate):
L  X  m/L  selfed
L  X  s/L  selfed
M  X  1/M  selfed
M  X  s/M  selfed
S  X  1/S  selfed
S  X  m/S  selfed

18;  55
20;  12
38;  33
23;  35
18;  20
15;  12

Intermorph,  illegitimate  pollinations:
L  X  s/M
L  X  m/S
M  X  s/L
M  X  l/S
S  X  1/M
S  X  m/L

26;  20
23;  13
25;  29
15;  26
15;  21
25;  30

Intermorph,  legitimate  pollinations:
L  X  1/M
L  X  1/S
M  X  m/L
M  X  m/S
S  X  s/L
S  X  s/M

18;  48
27;  34
33;  37
54;  42
13;  22
11;  29

Number  of
Flowers

Producing
Capsules

0;6
0;0
0;1
0;0
i;0
0;0

0;0
i;2
0;2
0;1
0;3
1:4

12;41
23;  30
29;  38
46;  34
11;  20
11;25

Summary  of  all  legitimate,  illegitimate  pollinations:
Legitimate
Illegitimate

156; 212
261;  306

132;  188
3;  19

Number  of
Seeds  Obtained

0;34
0;0
0;5
0;0
1;0
0;0

0;0
10;  7
0;8
0;1
0;9

17;  6

279;  738
430;  583
413;  533
797;  546
222;  460
255; 588

2,396;  3,448
28;  70

Average
Number
of  Seeds/

Pollination

0
0
0
0
0

;0.6
0
0.2
0
1;0

0;0

0;0
0.4;  0.5
0;0.3
0;0
0:0.4
0.7;  0.2

15.5
15.9
12.5
14.8
17.1

;  15.4
17.2
14.4
13.0
20.9

23.2;  20.1

15.4;  16.3
0.1;0.2

'  Notation  is  as  follows:  "L  x  m/L  selfed"  means  a  long-styled  flower  (L)  was  self-pollinated  with  its  own
pollen  from  the  mid-level  (m)  set  of  anthers.  "L  x  s/M"  means  a  long-styled  flower  was  pollinated  with  pollen
from  the  short-level  stamens  of  a  mid-styled  flower.  Figure  1  illustrates  the  three  flower  types.

occasional  sexual  reproduction  of  this  form  comes       it  is  unknown  whether  these  are  composed  of
from  the  spontaneous  appearance  of  Mids  in  oth-       more  than  one  morph.
erwise    short-styled    populations    as    noted    in Although  the  occurrence  of  tetraploids  and
southern  Italy  by  Vignoli  (1935)  and  in  central  peniaploids  in  Australia  as  a  consequence  of  in-
Califomia  by  Dulberger  (pers.  comm.).  It  also  dependent  introductions  is  documented  (Mi-
has  been  suggested  that  in  Western  Australia,  chad,  1964),  it  is  possible  to  explain  the  origin
where  the  pentaploid  sometimes  exists  in  mixed  of  tetraploids  within  pentaploid  populations  by
populations  with  tetraploids,  hybridization  be-  another  mechanism.  The  peniaploids  produce
tween  the  two  may  occur  (Michael,  1964).  The  some  viable  pollen  (Tabic  1;  Vignoli,  1937;  Bir
variability  of  the  species  there  would  suggest  fre-  &  Sidhu,  1 980;  Michael,  1 964).  The  illustrations
quent  sexual  reproduction  (Peirce,  1973).  Tet-  and  discussion  of  microsporogenesis  in  penta-
raploid  populations  with  all  three  style  lengths  ploids  by  Vignoli  (1935,  1937)  indicate  that  pol-
are  known  in  South  Australia  (Symon,  1 96 1)  and  len  grains  with  n  =  14  can  be  produced  by  such
Western  Australia  (Michael,  1964)  and  these  pre-  plants.  If  megasporogenesis  also  results  in  eggs
sumably  reproduce  sexually  as  well  as  asexually.  with  n  =  14,  fertilization  of  these  eggs  by  diploid
Tetraploids  also  have  been  reported  from  India  sperm  would  result  in  a  tetraploid  zygote.
and  Madeira  (Mathew,  1958;  Borgen,  1974),  but The  place  and  mode  of  origin  of  the  weedy



84 ANNALS  OF  THE  MISSOURI  BOTANICAL  GARDEN [Vol.  74

pentaploid   race   are   uncertain.   Lower   (  1  963)   sug-   Literature   Cited
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