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Structural demography of Oxalis corniculatu L. - The fate of buds
(Struktur demografi pokok Oxalis corniculata L. - Penentuan kudup)

B.  Bak i ' ' .  S .  Kamarud in** .  O.  Ahmad Shokr i * * *
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Abstrak

Pcmbahagian kudup pokok Oxalis corniurlata L,. kcpada t iga potfol io
pe laburan ia i tu  kudup vans  dorman (D)  kudup yan{  me.mbcsar  men jad i
se jambak bunga (F)  a tau  kudup vang membcsar  mcn jad i  s to lon  (S)  bcrbcza
meng iku t  mas i i  dan susunan-susunan h i rak i  (kc las-ke  las  s to lon)  vang ada
pada pokok  tc rscbut .  Pc laburan po t fo l io  r ,ang bcr la inan in i  t idak
menampakkan pcrbczaan vang nvata  bae i  tcmpoh l0  minggu se lepas
percambahan b i j i .  Pc laburan kudup pada minggu kc  1 l  dan minggu-minggu
berikutnl,a adalah mengikut bentuk susunan D > F > S. Bagi stolon-stolon
utama.  b i langan kudup r ,ang mcmbesar  men jad i  ran t ing  s to lon  mc lcb ih i
kudup-kudup la in  vang membesar  mcn jad i  se jambak bunga a tau  vans
dorman.  dcngan bcrc r t i .  Kudup-kudup r ,ang ada pada s to lon-s to lon  vang
ke las  pe laburannya t ingg i  pada amnva bcrbcntuk  mcng iku t  susunan:  D >  F
> s .

Keputusan in i  te lah  d ib incangkan meng iku t  hubungka i t  d i  an tara
strategi pcrtumbuhan pokok cicnean pena\\,anan sumbcr. perhubungan dt
an tara  modu l -modu l  sccara  ho l i s t i k .

Abstract

The al location of buds in Oxali .s corrt iculatu L. into thrcc ' invcstmcnt

por t fo l ios '  v iz .  remain ing  dormant  (D) .  g rowing  in to  in f lo rcsccnccs  (F)  o r
s to lon  branches (S)  d i f f c r rcd  w i th  t ime and h ie rarch ica l  pos i t ions  (s to lon

class) u' i thin thc plant. No dif t 'erences wcrc rcgistercd among thesc
investment portfol ios for the f irst 10 rvccks aftcr sccdl ing cmergcncc.
Investmcnts of buds post from thc l l th week onu,ard vu,erc in thc order of D
> F  >  S.  In  p r i rnarv  s to lons .  buds  growing  in to  s to lon  branches s ign i l i can t ly
cxcccdcc i  those rcmain ing  dormant  o r  g rowing  in to  in f lo rcsccnccs .  In  h ighcr
s to lon  c lass .  thc  invcs tmcnts  o f  buds ,  gcncra l l l ,  wcrc  in  the  fo l low ing  ordcr :
D > F > S .

The results arc cl iscusscd rn rclat ion to the growth strategy of thc plant
lr .r-a-yls rcsourcc capturc, and to the intcr-rclat ionship bctwecn modulcs and
ho l is t i c  approach.
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Structural demography of Oxulis corniculata L.

Introduction
The architecture of a plant reflects
'successful' meristems, and both the static

and dynamic structure of the plant thus

depends on i ts  mer is tem bank,  mer is tem

potential, position and fate (Harper and

Bel l  1979).  In  essence,  the populat ion of

meristems on a plant is a reflection of the
potential of that plant for further growth

as well as reflecting the history of the
plant .  By consider ing mer is tem potent ia l ,
position and fate, it becomes possible to

combine an understanding of the
organized structure of a plant with an

appreciation of the demography of its
par ts .

The buds of a plant form a population
in which births and deaths occur. A bud

may d ie,  remain dormant ,  develop in to
shoot or produce flowers. In essence,
clonal branches are formed from the
re i terat ion of  the basic  uni ts .  whi le
flowers and inflorescences come from the
reiteration of units bearing modii ied
leaves. Flowering in particular may
produce great changes in the morphology
when meristems which have contributed
to clonal growth are diverted to sexual
reproduct ion.  Hal le  et  a l .  (1978) c i ted an
extreme case, found in species such as
Corypha e lata (Palmae) where the stem is

unbranched. the inflorescence is terminal
and f lower ing ends the l i fe  of  the t ree.

Mai let te (1982) l ikened the
population of buds on a tree, as did Noble
(1976) for a rhizomatous herb as
analogous to a bank. J'he fates of various

buds change wi th posi t ion on the p lants

and represent  d i f ferent ' investment
portfolios' available for its buds viz.
investments in  h ighly  prof i table but
expensive enterprises (long shoots) (sen.su
Mai let te 1982) and low revenue ventures
(shor t  shoot)  (sensu Mai let te 1982):  or  in
low cost .  h igh r isk speculat ion ( f lower ing)
(sensu Mai let te 1982).  Buds that  remain
dormant  act  as a guarantee.  but  can be
mobi l ized as capi ta l  invested in  an
cmergence .  c .g .  r eg . cnc ru l i r l n  a [ t e r
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damage. There are risks and running costs
at all levels: predation and diseases
( taxat ion) ,  senescence (devaluat ion and

depreciat ion) .  A f low of  organic and
inorganic resources (a currency) is both
under in ternal  contro l  but  t ied to external
physiological and biological constraints.

Oxalis corniculata L. spp. corniculata
var. atropurpurea van Houtte ex Planchon
is a cosmopolitan weed belonging to the
family Oxalidaceae Sect. Corniculatae.
The weed occurs from sea level to snow
l ine (Ei ten 1963;  Holm et  a l .  1977;
Lourteig 1979) infesting many
horticultural and ornamental crops and
pastures,  in  t ropical  and temperate zones.
The species possesses some of the
characteristics of an ' ideal weed' (cf.

Baker 1965).  Arguably,  i t  is  these
character is t ics (e.g.  the abi l i ty  to
proliferate and produce ample numbers of
colonal  and sexual  reproduct ive modules
wi th in a shor t  per iod of  ,1--5 months)
which made O. corn icula la an appropr iate
candidate for ecological studies not least
in the context of population biology.

The present work is an attempt to
determine and describe the fates of buds
on plants of Oralis cornicttlato L. and the
dynamics of  the bank of  buds on which thc
growth and archi tecture of  the p lant

depend.

Materials and methods
Fresh seeds of Oralis cornictrlala L. spp.
corniculata var. atropurpurea van Houtte
ex Planchon col lected in  October 1985
from horticultural greenhouses at Plas
Newydd ,  Ang lesev .  U .K . .  we re  sown  l n
plast ic  t rays (21 cm x 15 cm x ,5 cm)
previouslv  f i l led wi th John Innes No.  I
compost .  fwo weeks af ter  emergence.  s lx
seedl ings werb selected for  uni formi ty  and
transplanted indiv idual ly  in to the centre
of  1 m x I  m x 8 cm wooden box and f i l led
wi th John Innes No.  1 compost .  

- I 'he

plants were grown under heated
glasshouse condi t ions at  Pen-y-Ffr idd
Resca rch  S ta t i on .  UCNW.  Bango r .  U .K .
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Figure l. Diagrammatic view oJ stolon
production and growth of Oxalis corniculata
showing various classes of stolons, dormanl
buds (a) of fruitslflowers (a) and their relutive
positions

where the temperatures ranged from
1-5 "C to 27 "C (day) and 14 'C to 20 'C

(night) with supplementary i l lumination
from 400 watt high pressure lamps from
the 16th day. The plants were watered
from above when necessary using a fine
spray. The boxes were arranged in a
complete ly  randomized manner.

At weekly intervals and for 22 weeks
after emergence, the number of buds that
were  do rman l  (D ) .  o r  g rew  i n to
inflorescences (F) and those that grow
into stolon branches (S) on the primary,
secondary, tertiary and quaternary stolons
were recorded. The number and fate of
buds on the mother plant axis that were
dormant or grew into inflorescences were
not taken into account. The experiment
commenced on 5 November 1985 and was
terminated on 14 Apr i l  1986.

Figure 1 i l lustrates diagrammatically
the orientation of growth of stolon of
O. corniculata 22 weeks after emersence.
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General ised L inear  Model  (GLM)
was used to assess the competit ion effect
between dormant buds. inflorescences
and stolons over time at four different
orders of branching. Logarithmic
transformation was thought to be the most
appropriate since the effects were
multiplicative and the data covered quite
a wide range of values.

Results
The allocations of buds (or meristems) in
Oxalis corniculata into stolon branches
(S),  in f lorescences (F)  or  remain ing
dormant (D), differed considerably with
time and stolon class (Table I and
Figure 2/. These differences were more
pronounced and significant from week 11
onward in the following order: D > F > S.
At  the end of  the exper iment  ( i .e .  22
weeks af ter  seedl ing emergence),  the D
fractions accounted for about 733 buds (or
49.|o/c of the total buds) borne on the
plant  whi le  the remain ing bud populat ions
were shared among the F (590 or  39.87c)
and the S (158 or  10.87o) f ract ions.

In primary stolons, the plant invested
significantly more buds in stolon branches
than either inflorescence or buds that
remained dormant. The population of
buds that grew into stolon branches was
consistently higher than the D or F types
at  each t ime interval .  The S f ract ions
formed about 44.9Vc of total bud counts
on pr imary sto lons lF igure 2(b)1.

Buds borne on secondary stolons
were mostly dormant forming about
433% of the total bud counts on such
stolon class. No differences were
registered up to week 13 between the
number of buds destined to remain
dormant and the number of buds to grow
into inflorescences IFigure 2(c)1, while
from week 9 onwards buds growing into
stolon branches were consistently and
significantiy lower than the D and F
fractions. In tertiary stolons, the D
fraction from 9 weeks onward l ikewise
outnumbered both the S and F

zj\,lother plant axis
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Structural Cemographv rtli Oralis corniculata I-

populations, although these differences
may not always be significant at all t ime
intervals [Table I and Figure 2(d)]. lnthe
quaternary stolons order. no buds grew to
form stolon branchesl buds were either
dormant or grew info inflorescences. The

h ie ra rch ia l  coun ts  we re  cons i s ten t l y  D  >

F at  each t ime interval  lTable I ) .

Discussion
Knorvledge of the fate of axil lary buds is

an  impor tan t  p rc requ i s i t e  i n  an1 '
understanding of  the dynamics of  a p lant
species (Mai i le t te 1982:  Chapman 19831
Solangaarachchi  198,s;  Baki  1986).  Rel l
(1979) argued that  in  rh izomatous p lants.

it is the number of developing buds or
more precisely tneristems that governs the
potent ia l  o f  a c lone i .e .  i ts  product iv i ty .  In
this study on O. corniculata, a plant *'hich
prol i ferates by both c lonal  and sexual
reproductive means, the central issuc is
the fate of  ax i l lary buds.  which develop
either into stolon branches. f lowers and
fru i t .  or  remain dormant .

The distinct differences in the
population of stolons of different orders
or the production of buds growing intcl
in f lorescence on such sto lons at  each t ime
interval (Table I and Figu.re 2) may be
interpreted as ev idence that  the law of
a l lometr ic  growth prevai ls  wi th in the
whole plant of O. corniculata. This is in
l ine wi th the v iew that  the growth of
modular  p lants is  c lear ly  programmed and
that  'a l lometr ies must  necessar i ly  ar ise in
modular organisms when the genet as a
whole has indeterminate growth but the
size of  ind iv idual  modules is  essent ia l lv
determinate '  (Harper  1985).  Fur ther .  i t
appears that some kind of regulatorv
mcchan i sm l l  as  ope ra t i ng  i n
O. corniculaia which determined the
number of axil lary buds that developed
intcl stolon branches and infloresccnces or
remained dormant  in  the phasic ( .sensa
Watt  1947) development  of  the p lant .
Impl ic i t  to  th is  was the greater  tendency
of btrds on primarv strtlons to <levelop inttt

307

sto lon branches -  an ev ident  of  growth
strategy which laid emphasis on clonal
growth for greater exploration and
exploitation of resources (space) (Table I
and Figttre 2/. In higher order stolons.
growth emphasis was main ly  sexual
reproductive - a modification of tactics
(sensu Van Der Pi j l  1972) tc  ensure
dispersal  co lonizat ion ( through seed).  I t
would be intriguing to ascertain that the
mechanics of such regulations were
through integrative hormonal control per
re or as local adjustments and responses to
the presence of  neighbour modules or
both.

General ly ,  there was an apparent
display' oi ' asymptotic relationships
between the number of  buds that
developed into the different fates (S. F or
D) with time (Table 1,) and these were
similar to those observed for ramet
production in Eichnrnio crassipes (Watson

198,1) .  Such re lat ionship may be
reflections of one or more of the following
possibil i t ies: (i) the system is running out
of f inite resources and competit ion
between stolons of different orders for
such rcsources prevai l  and ( i i )  the onset  of
t lowcr ing f rom 7 weeks af ter  seedl ing
emergence onwards and the ptoduct ion of
f ru i t  and seed thereaf ter  may mean that
resources,  that  might  otherwise have been
allocated for further production of stolons
and their growth. were diverted to fruit
and seed production or were l imitedly
i r vu i l ah le .  Fu r the r .  usvmp to t i c
re lat ionship between the rate of
recru i tment  of  S.  D or  F modules
(Table I ) mav be considered as
mani festat ion of  law of  d imin ishing
returns operat ing in  larger  p lants wherebv
the accumulation of further numbers of
such modules d id not  increase the b i r th
rate. Similar arguments have been first
forwarded by Clegg (1978) to expla in the
asymptot ic  re lat ionships between leaf
birth rate and time in Ranunculu.s repens.

Both hypotheses were based on the
Harper ian v iew of  the Clandol lean



Doctr ines (Cusset  1982) which la id
emphasis on the indiv idual  p lant  as an
organized whole, and as such emphasize
holistic aspects of construction, mociular
in terdependence and integrat ion wi th in
clonal plants of which O. corniculata is
one .

Baki  (1986) repor ted an
enhancement in the rate of primary
stolons recruitment in O. corniculata
following detachment of existing stolons
from the mother  p lant  ax is ;  these
observations may be construed as
ev idence  tha t  modu la r  i n teg ra t i on
prevai led in  the p lant .  Evidence for
modular  in terdependence and integrat ion
wi th c lonal  p lants have been repor ted
elsewhere (Marshal l  and Sagar 1966;
Noble 1976;  Harnet t  and Bazzaz 1985).

The second hypothesis is Lrased on
traditional resource allocation model
which proposes that sexual reproduction
inhib i ts  c lonal  growth by in t ra-p lant
compet i t ion (Cohen 1968,  l97 l ;  Harper
and Ogden 1970;  Abrahamson 197,5;
Whi te 1979).  Harper  (1977) wrote
'perennial interoperous plants often show
an inverse correlation between clonal
growth and production of fruit and seed
which suggests that fecundity and clonal
act iv i ty  are not  whol ly  compat ib le ' .
Watson (1981) suggested that  one
appropriate explanation for the inverse
correlation between production of
inflorescence and ramet population
growth rates observed in Eichornia
crassipes was the outcome of competit ion
among life history functions for a l imited
number of  mer is tems avai lable for
differentiation, rather than competing for
avai lable assimi late.  This argument  is
consistent  wi th and compl imentary to the
evidence of carbon economv of various
plant  modules.  I t  would be in terest ing to
ascer ta in that  the observed reduct ion in
the product ion of  s to lons v i . i - r i - r ' r r
i n f k l r esccnce  and  do rman l  huds  w i th  t ime
for  h igher  order  s to lons (Table / )  was the
consequence of competit ion with other

B.  Bak i .  S .  Kamarud in ,  O .  Ahmad  Shok r i

l i fe history functiclns (reproductive and
other  c lonal  modules)  for  the l imi ted
resources or competit ion for l imited
numbers of  mer is tems avai lable for
differentiation or both; the subject
remains for further research.

The sigmoid patterns of cumulation
of  the S.  F and D modules wi th t ime in
O. cornicnlsta (Teble 1), besides being
interpreted as a consequence of intra-
p lant  compet i t ion among members of  a
metapopulat ion (Whi te 1980),  may be
at t r ibuted to ' t ime-mediated resource
deplet ion '  wi th in the envi ronment  that
these p lants were subjected to.  The fact
that stolons, inflorescences and dormant
buds cmerged at  d i f ferent  t imes.  thei r
rates of population growth differed
considerably (at leasts initially) and this
may be explained by the init ially high C.V.
values (Figure 3,). The reduction and
apparent  s tabi l i ty  of  C.V.  va lues wi th t ime
help to expla in that  the rates of
recru i tment  among these modules (of  the
same type)  were get t ing s imi lar .
Solangaarachchi  (198-5)  and Franco (1985)

forwarded similar arguments to hclp
explain the approaching similar growth
rates of Trifolium repens L. and Kochia
scoparia L. respectively with time.

The disparity in the proportion (9{')
of  buds fated to become the S.  F and D
modules with time in O. corniculata
( Figure 2) may also be related for the l ight
envi ronment  wi th in the canopy.
Arguably,  based on f i rs t  pr inc ip les.  at  the
later  s tage (sav f rom the l4 th wcek
onwards)  there must  have been a
corresponding increase in shading.
thereby reducing the photosynthet ica l ly
active radiation (PAR) or PR/PF values in
the canopy and at  ground level .  Such
reductions in PAR or PR/PF may have led
to failures of bud break of axil lary buds or
stolons (Tqble I and Figure 2). Similar
arguments have been made by several
workers e.g.  Bogorad and Mcl l rath (1960)
in Xonth ium spp.  and Kasperbauer (1971)
in Nicotiana tabacum L. Solangaarachchi
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(1985) observed that the number of
stolons of Trifolium spp. decreased with
reduced light intensity or PAR. Beinhart
(1963),  Harvey (1979) and Davies and
Evans (1983) recorded the inhibit ion of
the development of axil lary buds in
Trifolium repens with reduced PAR.
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