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Grain yield of the sunflower capitulum promoted l;y surgical

removal of the involucral bract primordia

Luis F. Hernandez
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ABSTRACT

This paper reports the effect on the sunflower
capitulum development and seed yield of removing
the involucral bract (IB) primnordia and upper leaf
primbréia during carly grbwth of the capitulum.
Plants of sunflower cv. Dekalb G100, were used
grown in a controlled environment and in the
field. As a result of IB and/or upper leaves removal,
the rate of florat development and the size of the;
treated capitula, increased significantly in both
experiments. The total number of disc floret
primordia also increased _signiﬁcantly by up to
21.5%. The absence of IB during capitulum
formation produced a significant increase in
capitulum size and promotedt prain yield measured
on per plant basis. It is concluded that the growth
of the receptacie in the sunflower capitulum is
highly dependent of the supply of photoassimilates

coming from older mature non-growing leaves
and that the younger leaves which are expanding
at the time of capitulum formation and the
involucral bract primordia can producé strong
competition for assimilates that can result in a

reduction in the potential size of the capimium.

FS: floral stage; 1B: Involucral bracts: CER:
CO; exchange rate; DFE: days from

emergence; LD: Long-day photoperiod

INTRODUCTION

The involucral bracts {(IB},
botanically known as phyllaries,
play an important zrole in the
protection of the structure and
physiology of the developing
inflorescence in Compositae. In a

voung capitulum of sunflower (30-
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35 DFE) the IB comprise 78-82 % of
its total dry matter (Herndndez,
1988). It has recently been shown
that in the early stages of capitulum
growth {(from 20 DFE to 35 DFE) the
IB compete for photoassimilates
with the resﬁ of the capitulum
structures, particularly floret
primordia {Hernaéndez and Palmer,
1992).

It is also known that a large
active meristematic surface in the
young receptacle before floret
primordia differentiation, is
important to maximize the number
of florets generated by the
capitulum and hence, the potential
grain yield per plant ({(Hernandez,
1988; Palmer and Herndndez, 1988).

Although the mature IB contribute

to the total plant CER during the’

grain £filling period ({Patil et
al., 1976; Rawson and Constable,
1980}, the IB competition for
photoassimilates in early stages
of capitulum develcopment could
exert an overall negative effect
ont dry matter accumulation in the

capitulum and on floret primordia

growth and consequently affecting
the plant‘s grain yield potential.

The procedure of organ remaval
in crop plants at the vegetative or
reproductive stage has generally
been used to evaluate the relative
capacity of organs to import or
export photoassimilates. In the
sunflower mature leaves has been
removed to access their effect on
plant growth or yvield (i.e. Sackston
1959; Rodriguez Pereyra, 1978;
Herndndez and Cricli, 1992) but
this technigue has not been used on
young plantg, during the incipient
differentiation of reproductive
organs.

This paper reports the effect
on the sunflower capitulum
development and seed yield of
removing the involucral bract
primordia and upper leaf primordia
during early growth of the

capitulum.

MATERIALS AND METHODS

Controlled environment trial

{Rxperiment 1). Plants of sunflower
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cv. Dekalb @100, were used. Plants
were grown in 1.5 L plastic pots
containing a mixture of compost
and soil (Petrocalcic haplustel})
appropriately fertilized. The light
source supplied 350 pmol m-2g~1
{PPFD-PAR} at the top of plants and
an 18 h LD photoperiod. The
temperature in the controlled
environment chamber ranged between
28°C and 30°C.

The onset of reproductive
growth and capitulum formation was
recorded by frequently sampling
and scoring the appearance of the
shoot apex using the 10-stage
classification of Marc and Palmer
(1981) for floral stages (FS) in
the develcopment of the sunflower
capitulum. Plants with apices at
FS 3 were used(22-24 days from
emergence) when the dome was
differentiating and the first set
of IB were forming at the incipient
receptacle rim. Under a dissecting
microscope the leaves in the apical
bud were carefully displaced with
a pair of fine forceps to expose

the involucral bract primordia

which were removed using a fine
suture needle (Ethilon, Johnson &
Johnson, USA). Although care was
taken to avoilid damage to the
capitulum surface, when this
occurred, the plant was discarded.
In other plants, only the 18-23
last formed leaves in the apical
bud were raemoved. Controls comprised
intact plants.

Treated plants were maintained
in the controlled environment
cabinet and samples were taken at
intervals of 2-3 days to assess the
progress through the stage of
capitulum development and to measure
capitulum dimensions. Final samples
were made 45 days from emergence
and at maturity. The samples were
used for floret row counting,
determining grain vyield and
recording the final number of
involucral bracts and leaves which

developed in each treatment. Fifteen

plants were used in each treatment
and the experiment was replicated

once.

Field trial (BExperiment 2). The
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gsame gsunflower o¢v. used in

Experiment 1 was sown in the field

in a sandy soil (Typic upstipsament}
in early spring (20.9.91}). The
plant population was set at a
density of 5.6 plankts m™2 and the
plot conzisted of 10 6-m rows with
a 0.60 m row spacing. Filoral
development in the apical bud was
recorded by periodically sampling
and scoring the state of the apex
as 1in Experiment 1. On attainment
of FS 3 twenty plants were randomly
chosen from the plot and the
surgical removal of IB or leaf
primordia was done in situ using
the procedure described in
Experiment 1. The plot was irrigated
and appropriately fertilized to
minimize scil molisture deficits
and optimal availlability of
nutrients. The control comprised
intact plants randomly selected

into the plot.

Measurements .The reproductive
growth rate {RGR) was defined as
the slope of the linear regression

eguation obtained of the evolution

of floral development against time,
and expressed as units of
FS.day‘l. Receptacle diameter was
measured with an ocular micrometer
attached to a stereoscopic
microscope and the c¢apitulum
receptacle area calculated. At
maturity the piants were harvested
to measure grain vield components.
Differerces between the means of
the same sampling time for different
treatments were compared by the

LSD test at P < 0.05%.
RESULTS AND DISCUSSION

The percentage of upper leaves
removed, compared with the controls,
ranged between 35.8 and 37.1 % for
plants grown in the controlled
environment (Exp. 1, Table 1} and
between 40.5 and 41.7% for plants
in the field (Exp. 2, Tablg 23 .

The reducticon in the Einal
number of leaves counted in mature
plants, indicated that the treatment
to remove only the upper leaves
also resulted in the removal of

between 7.3 and 10.0% of the IB.



13}

Grain yield in sunflower

op I8)3e] suwus eq)y AQ DPRAOTTOF TENTGD

*q8e3 sbuez eTdr3ijmm s,ueoung O3 SUTpIODAW (50°0>d) KjaueoTzTaBTs I87JTP 00
sies Y3 U] EINTEA CTOIIW0O WY UITE PRIRAmSD JueoIed UOTIRTAVA |(4)IWA IE{ O3 ET N SRAVS] 3,

) E3ACWRL
$30eIq
BIDNT2AUY
0T + € 46 T E8 ¥r1e o+ q 16 % 8611 5°0¢E- S ek F LIS STOY- S A SN T UM@ !
x SoAEST
aaddpn
pRACWS
¢ g + B O 1T # < it STL o+ qe g * 1507 tri- B QE F Lol [ A a 'z oF L8l +5BARDT
asddn
- e T0T ¥ 9°14 ——-- € o8 F L96 s B TG F ogTgL === ®STEFTES TOIIUCDY
§ 54 ur 8 54 g 84
%) 10, ﬁTauwH& ® [EE -] erprontad {81 am ar mMmem i ae, 41 seazal usWivIIL
TRy aEs PI2TA s ARs 18I011 '® A il wﬂ >z B JEA BuTuTENSI AuswnEsdy
J0 IRgumMN o 10 &N

"83UUId gF JO UeM 63 IR ERNTVA - (eowefiees N3V SAVP EF) £ BZ U] S30WIL] [mION[oAU} FO

PY®T3 oyx uy SuiaciB #3uvid Uy g g4 38 Juesedd RIpIOW[Id 3830T] PUP NJ0RIq TRIDNICAT] ‘ASAVST O JOqUNU Pu¥ pPleTi

*3883 eburz 9Td]II[NW B, UROUTYI O3

TOTETOX® TEOTSINS ey IWATR
‘g cdxg 1z eTqeL

Butpiono® (G0‘0>d) ATIUNDTITUST® ASJZTP 30U Op IDYIST OUNE oyl AQ DBMOTIOZ
TImios swWes 8Y3 WY FOTTUA “TOIWOD BYI YITA DeIvdwod JuedIed UOTIRTIWA :(%}I®A !{Tf O3 E€F N S8AUST @,

paAowex
s3oeaq
- . . ' TRIONTDAUT
S°TT + q %8 F 114 9°T€- 9L F 9795 T Lg- 95T F 56T pue
\ » SoaEST
aaddn
»DRAOUD T
g9 + ae gL F €29 0T~ ¥ ZLFBIL B'GE- 9 L°'T F 6767 saAweT
aaddn
- ® L6 F GBS i B9TLF 86L == B e FOIE [eI13ue)
g 54 Ut 8 54
d B 54 UT S8ARS
EIELIN ErRIOULT (%} TEp uT s3oely (%) TEA , T JuswesI]
121073 ' Buturews:
"AUT FO N v
30 Iagqumy 30 =N

*EIUNTE ST FO UNSW 8Y3 8I% EONTRA " (edusfiewe Irejye
BAep 1Z) £ 84 UT BIDWIQ TRIDNTOAWT JO UOTETOXS 1wotBand oyl I633J0 JUAWUOITAUS DPOITOIIUCD ¥ Uf Buimoxs
83uerd Oy g 54 I JuessId ©IPIOWEIA 39ICTF PUT HIIRIQ TRIDNICAUT ’Seavey JO Iequny ‘T “AXE :T [UeL



132

Luis F. Heruandez

(Table 1 and 2). This was attributed
to the difficulty of identifying
the IR in their early primordial
stages. When both the TB and upper
leaves were removed, a subsequent
development or differentiation of
new B was cbserved, leaving the
level of IB removal at 31.6 end
30.5% respectively (Tables 1 and
23, It is not clear whether this
increased new develcpment of IB
was due to dedifferentiation of
rim cells or that incipient IB
primordia were activated into
growth.

As a result, of IB and/or upper
leaves removal the rate of floral
development {Fig. 1) and the size
of the treated capitula {Fig. 2),
increased significantly in both
experiments. Then, the RGR for
plants growing without IB or without
upper leaves significantly
increased both in Experiment 1 & 2
{Fig. 1). The increage ranged from
0.231 units of FS.day ! to 0.326
units of FS.day'l between the
contrel and IB removed {in Exp. 1)
and 0.215 units of Fs.day‘l Eo
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Figure 1: Effect of involucral bract removal on
the rate of progression through floral stages
in plants grown in controlled environment (A)
or in the field (B). (O.e® ) Control
(&, A ) Upper leaves removed; (0.8 )
Upper leaves and involucral bracts removed.
Values of RGR ( Units FS. dayt):

Figure la =0 :0.231; A& 0351; O ;0.3%.
Figure 1b = @:0.251; A& 0404; B :0412,
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Figure 2: Increaase in receptacie area in plants
grown in controlled environment conditions (A}
or in the field (B). The same notation as in
Figure 1.

0.412 units of Fs.day'l between
control and IB removed plant in
Exp. 2. This response could be
because there is competition for

nutrients between the upper shoot

leaves and the capitulum early in
the development of the capitulum.

Although in Exp. 2 all the
vigsible IB were removed, a late
development of IB occurred (Tables
1 and 2). This response could
account for the plateau observed
in the curves of receptacle
expansicn starting from 35-45 days
after emergence (Fig. 2i.

In both experimgnts the total
number of disc fleoret primordia
increased significéntly by up to
21.5% (Tables 1 and 2). This could
be the result of an enlarged
receptacle surface induced by the
treatments (Fig. 2). Modeling
receptacle and disc floret primordia
growth in the sunflower (Hernandez
and Palmer, 1988) has shown that
there is a linear relationship
between the area of the meristematic

surface of the receptacle at F5 5

and the total number of disc floret
primordia which differentiate in
the capitulum. This finding leads
to the generalization that factors
which promote receptacle size

maximize disc¢ floret numbers in
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the sunflower. Larger receptacle
surfaces have proved to be crucial
in the maximization o0f floret
primordia number in sunflower
{Palmer and Hernandez, 1988;
Hernédndez and Palmer, 1988). This
conclusion is supported by a 14.0%
increase in grain yvield in field
grown plants (Table 2).

A recent report (Herndndez and
Palmer, 193%2) has shown that the
incorporation of labeled
assimilates into the capitulum in
the early stages i1s preferentially
directed towards the IB and the
peripheral capitulum tissue. On
the other hand, organcgenesis of
leaves has been associated with
vascular development at the apex
{Larson, 1983; Roberts, 1987). The
central region of the young
capitulum are frequently deprived
at that stage of a significant
availabillity of nutrient or
photoassimilates, This phenomenon
has been explained by a deficient
or well-developed vascular system
into the receptacle base (Durreiu

et al., 1985; Hernandez and Palmer,

1992) .,

As 1s well known removal of
growing or storage organs as well
as restricting physioclogical
activity slows the import of
assimilates toward it (Kursanov,
1984). While the nature of this
mechanism of organ inhibition is
not understood it should not be
forgotten that the manipulation of
photosynthate supply by removing
competitive sinks may be confounded
by changes in correlative hormonal

signals {(Patrick, 1988).

CONCLUSIONS

The final size of any specific
organ is affected by the rate of
incorpeoration of assimilates and
v the partitioning of assimilates
within 1its own tissue. It is
possible that the effect of IB
removal was to alter assimilate
partitioning, so that more
assimilates flowed to the remaining
primordia and parenchymatic tissue.

The absence of IB during

capitulum formation produced a
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significant increase in capitulum
size and promoted grain yield
measured per plant. It appears
clear that the growth of the
receptacle in the sunflowér
capitulum 1is highly dependent of
the supply o©of photoassimilates
coming from older mature non-
growing leaves and that the yvounger
leaves which are expanding at the
time of capitulum formation and
the invelucral bract primerdia can
produce strong competition for
assimilates that can result in a

reduction in the potential size of

the capitulum.
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