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Abstrach

Sunflower (Helianthus sonuug) cultivar Suncross 52 wes grown in
large containers in the glasshouse and subjected to moisture stress
gt either anthesis or rapid seed £ill., Plants were labelled with
"“C02 at either am upper,lower or midcanopy position and the
distribution of assimilate determined for each plan®t 30 hours

after labelling, :

Moisture stress hed little effect on the distribubion of assimilate
at both times of labelling. However,during rapid seed £ill signifs
icantly more (P<0.05) assimilate was exported from the leaves of
the stressed plants. Most of this extra assimilate accumulated in
the plant parts above the labelled leaf., The upper leaf position
translocated t6 the upper stem and capituluwm. In contrast the lower
leaf translocated to the lower stem and roots. The midleaf position
partitioned assimilate to both upper and lower plant parts at
anthesis however,during seedfill assimilate was preferéntially
translocated to the upper plant perts., Other leaves were insignif-
icant sinks at both times of labelling, The resulis are further
discussed with respect to the specific activity of the plant
components and adaptation of sunflower to moisture limited
conditions.

Introduction

Within the semi-arid cropping zone. of Australia sunflower crops are
often subjected to woisture stress from the late vegetative phase”
of development and more particularly in the period from anthesis

to maturity, This stress usually causes reductions in vield
(Dubbelde et al., 1982) with the extent of the reduction being .
related to the timing,severity and duration of the stréss. Yield
reduction in sunflower caused by moisture stress may result from
reduced photosynthetic mates (English,1976: Comnor and Cawood, 1978
and Rawson,1979) and/or changes in the pattern of distribution of

photosynthate to the various plant parts (Connor and Cawood, 1978)

Reductions in photosynthetic rates of different leaves im moisture
stressed sunflower has been quentified by English(1976) and Rawson
(1979). No figures are available om the pertitioning ‘of assimilate
by different leaves of the mature sunflower snd their contribution
to yield. Furthermore the effect of moisture stress om the partite-
loning of assimilate by different leaves has not been examined,

The work reported in this paper was undertaken to evaluste the

effects of moisture stress on the short term partitioning of

assimilate by leaves at different positions on the sunflower plant,

ghis distribution was determined at either anthesis or peak seed
ill.
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Materials and Methods

Individual sunflower plants (Helianthus anpuus,cultivar Suncross
52) were grown in 15c¢m.x 90cm., soil columns within the glasshouse
under conditions of non-limiting nutrient and water supply. Photo-
period was artificially extended to 14 hours using,mercury vapour
lamps and temperatures maintained between 5 and 25°C, Insect
attack was prevented by regular applications of malathion,

At first anthesis 24 individual plants were selected and divided
~ into two equal groups namely the control and moisture stress
treatments. Soil moisture for control plants was maintained near
field capacity by regular watering. For stressed plants water was
withheld for 48 hours prior to labelling with **CO,. This caused
plants to be severely wilted at dawn on the day of labelling, To
facilitate *%C0, uptake 0.5 litres of water was added to the stress
‘plants 2hours before the commencement of the Ilabelling procedure.
This® was insufficient water to allow plants to regain turgor.

9 . o
Individual plants of each itreatment were labelled with *“*CO. at one
of three leaf positions namely; 12,18 or 24 leaves from the base
of the plant. Each treatment was replicated four times. 30 hours
after labelling plents were destructively harvested and divided
into the following components; labelled leaf, leaves above and
leaves below the labelled leaf, stem above and stem below the
labelled leaf, capitulum and roots. Plant components were dried,
weighed and ground for digestion and seintillation counting. This
procedure was repeated during rapid seed fill (anthesis plus 300
growing degree days) with the capitulum being further subdivided
2%t harvest into it's structural and seed components for separate
analysis. ‘

Labelling Procedure: Planvs were labelled by sealing the attached
leaf in an illuminated (4866-pEaf?) perspex chamber through which
%00, labelled air was circulated at 6 litres per minute. The leaf
chamber was part of a closed system which consisted of silica-gel
drying columns to absorb excess moisture and a 0.1M HCl bath into
which two separate injections of 0.46MBg Naz!*C03(740MBg/mmol) were
made to release '“C0z., The '*(0, content of the airstream was
measured with a calibrated Geiger Meuller tube connected to & chart
recorder. When the airstream was almost depleted of label it was |
diverted through a 0.,25M NaOH solution to absorb the residual i1%c0,.

Scintillation Counting: Dupliecate 300mg samples of each plant
component were placed in scintillation vials to which 1.0ml of NCS
tissue solubolizer was added, The vials were gently shaken and
‘allowed to incubate for 12 hours at 50°C. After cooling the digest
was bleached using 1ml of benzoyl peroxide (1g benzoyl peroxide in
5mls toluene) per sample, 10mls of scintillation fluid (6g PPO and
- 0.75g POPOP per litre of toluene) was added to each sample and they
were counted in a quench corrected scintillation counter. Total
activity per plant component was determined and expressed as a
percentage of total plant activity. In addition the specific
" activity of each component was calculated. Resulis were analysed
using standard analysis of variance techniques.
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Results and Discussion

Results for '*C distribution and specific activity at anthesis and
peak seed fill are presented in Tables 1 and 2. At anthesis neither
leaf position or moisture treatment affected the percentage of
total plant **“C retained by the labelled leaf. In contrast at peak
seed fill the two lower leaf positions and the control treatment -
retained significantly more (P<0.05) *“C than the upper leaf and
stressed treatments respectively., The increased expori by the
stressed leaves during seedfill probably results from the increased
relative sink strength of the capitulum and seed under conditions
of limited assimilate supply.

During seedfill approximately twice the percentage of assimilate

was translocated *to the infloresence as at anthesis, This assimilate
was partitioned evenly between the structural tissue of the :
capitulum and the seed. The relative contributions of the individual
leaf positions were similar to that at anthesis except for enhanced
flow to the infloresence from the lower leaf pbsition under moisture
stress conditions and the mid-leaf position of the unstressed
treatment. At both times of labelling the upper leaf position was
the major source of assimilate to the infloresence however during
seedfill the midcanopy position increased supply to the developing
infloresence, The increased total translocation to the infloresence
at peak seedfill is consistent with the patterns observed im winter
cereals by Rawson and Hofstra(1969),

More assimilate remained in the stem at anthesis than during seed..
fill. This is consistent with the results of Connor and Cawood
(1978) although a greater proportion was retained in the current
study., From the specific activity of the stem above the labelled
leaf it is evident that percentage distribution does not reveal
the extent of differences between leaf positions when the plant
component under comparison is of disproportionate size between
treatments. Specific activity reveals similar differences for

the stem sections below the labelled leaves. The quantity of label
in the various stem fractions is consistent with source-sink
concepts which associate the direction of flow to the roximity of
a sburce(leaieg).to major sinks(infloresence and roots?o

All treatments resulted in insignificant assimilate accumulating
in the nonlabelled leaves. This is consistent with all leaves
having reached stages of maturity for both times of labelling
which make them nett exporters rather than importers of assimilate
(Wardlaw,1968),

The lower leaf position was the major source of root assimilate at
both times. Minimal contributions were made by the two upper .leaf .
positions, Total assimilate requirement by the roots was similar
for both times of labelling and was,not affected by moisture
stress. The lower leaf position used in this study was the lowest
active leaf as most leaves below this had senesced. The importance
of the lower leaves to root growth during the. later stages of-.
development is more clearly defined than the sources of assimilate
for seed development. '
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The failure of moisture stress to modify short term assimilate
partitioning as observed in the current study may have.resulted .
from the rapid manner in which moisture stress was induced. Indeed
Jones and Turner(1980) observed that osmotic adjustment in sunflower
only develops in response to several days of moisture stress., In
addition the current results are in conflict with those of Connor
and Cawood(1978) who found impairment of assimilate partitioning to
the seed when plants were subjected to moisture stress. In their
study as in Jones and Turner's(1978) study stress was allowed to
develop at a slower rate giving plants time to adapt their physiol-
ogical processes, Therefore the current results should be applied
with caution. -

If however the results of this study do withstand more rigorous

the sunflower to produce substantial yields under conditions of
inadequate moisture supply during the later growth phases.Decreases
in the yield and harvest index of moisture stressed crops (Turner
and Rawson,1982) would result from reductions in the guantity of
assimilate as opposed to it's distribution pattern._Suchzan = -1 -
adaptative mechanism would greatly facilitate the process of . .
accurately modelling the sunflower crop to include the growth
modifying effects of moisture stress.

Conclusion

The ability of sunflower to maintain significant photosynthetic
activity and increase water use efficiency when moisture stressed
(Rawson,1979) and the apparent inflexibility of assimilate
partitioning and possible enhancement of pathways to the capitulum
as observed in this study are indicative of the sunflowers ability
to produce substantial seed yields under the conditions of severe
moisture stress often observed in semi arid cropping areas.
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