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Abstract Partitioning patterns of 13C-labelled as-
similate were studied in mature field-grown plants
of three asparagus (Asparagus officinalis L.)
cultivars. Plants were labelled in January and de-
structively harvested at different stages of the sum-
mer fern growth phase and in early spring. There was
very little new fern establishment after January, so
the majority of the assimilated label was translocated
from the labelled fern to the storage roots, and in
smaller amounts to buds on the rhizome, from where
it was later remobilised into new spear growth in the
spring. The label was confined to a physiological unit
composed of the labelled fern, the rhizome from
which it grew, and buds, roots, and new shoot ma-
terial associated with that rhizome. Similar patterns
of 13C distribution within the physiological unit were
observed in three cultivars differing in spear yield.
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INTRODUCTION

In New Zealand c. 2300 ha of land are dedicated to
the production of asparagus (Asparagus officinalis
L.) (Statistics NZ 1995) and much of the asparagus
produced is exported. The average New Zealand
spear yield is relatively low by world standards (1.94
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t/ha in 1996 (Food & Agriculture Organisation
1997)) and increasing the annual yield of the crop
is, therefore, a desirable goal. To do so an under-
standing of the yield physiology of asparagus would
be beneficial, but this is poorly understood. To date,
asparagus breeding has been empirically based upon
selection for higher-yielding genotypes, without a
sound understanding of the physiological bases for
differences in agronomic performance.

High crop yield is determined, inter alia, by the
ability of the crop to: (1) produce a high quantity of
carbohydrate (photosynthesis); and (2) to partition
a large proportion of that carbohydrate into the har-
vested organ (Gifford et al. 1984; Daie 1985). The
latter is often expressed as harvest index (HI) and,
in general, most crop yield improvement has oc-
curred as a result of selection for increases in HI
(Gifford et al. 1984; Daie 1985) rather than in total
productivity. In their study of two asparagus cultivars
differing in yield, Benson & Takatori (1980) re-
ported that the high-yielding cultivar had a higher
root:shoot ratio than the lower-yielding one, an ob-
servation echoed in the investigation of Wilcox-Lee
& Drost (1990), and suggested that differences in
yield between asparagus cultivars might be related
to differences in the pattern of carbohydrate distri-
bution within the plants. The changing seasonal
pattern of carbohydrate content in asparagus storage
roots has been well-documented (e.g., Shelton &
Lacy 1980; Haynes 1987; Hughes 1992; Pressman
et al. 1993), but these studies have been largely con-
fined to young plants in non-field situations. There
has been little research into carbohydrate partition-
ing in mature, harvested plants and there has been
no attempt to compare whole plant carbohydrate
distribution patterns between genotypes exhibiting
different spear yields.

The aim of the current investigation was to study
the movement of 13C-labelled assimilate into, and
remobilisation from, sinks within field-grown, har-
vested plants during the summer fern growth period.
In addition to this, three cultivars differing in annual
spear yield were used, to obtain a preliminary insight
into the possible existence of yield-related
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differences in the pattern of carbohydrate partition-
ing during this phase of the annual cycle.

MATERIALS AND METHODS

Plant material
Plants used were part of an ex-trial block located on
a commercial site at Hinuera, in Waikato, New Zea-
land. Cultivars studied were 'UC-157', 'Jersey Gi-
ant', and 'Karapiro', which differ significantly in
annual yield. The mean 1992/93 yield figures for
'UC-157', 'Jersey Giant', and 'Karapiro', measured
over a number of trial sites nationwide, were 4.7,7.2,
and 11.2 t ha"1, respectively (Anon. 1995; Fraser-
Kevern et al. 1996), a trend exemplified by the site
at Hinuera. At the time of the experiment all plants
were 6 years old and only male plants were used.
Individual plants to be labelled were selected ran-
domly from different rows within the trial block, but
otherwise all plants were within an homogeneous
environment.

Labelling
Twenty-four plants (eight from each of the three
cultivars) were labelled using 13CO2. Labelling of the
plants was completed over a period of 10 days, start-
ing on 16 January 1995. At this time all ferns were
adjudged to be fully-expanded and mature.

For each plant to be labelled, 2 g of l3C-enriched
sodium bicarbonate (Isotec, United States), equiva-
lent to 307 mg 13C, plus 0.22 g of 12C-sodium bicar-
bonate were sealed in an evacuated flask in the
laboratory. 12C-sodium bicarbonate was included in
the flask so that the CO2 mixture generated later
contained c. 10% 12CO2, which could be detected
with the infrared gas analyser (IRGA) used during
plant labelling (see below). Flasks were transported
to the field and the sodium bicarbonate was reacted
with excess lactic acid to produce CO2. Approxi-
mately 589 ml of CO2 (530 ml 13CO2 and 59 ml
I2CO2) was generated per reaction.

Two weeks before labelling, the roots of the se-
lected plants were separated from those of neigh-
bouring plants in the same row by making spade cuts,
40 cm deep, between them. There was little or no
overlap of root systems between plants in parallel
rows. To label a plant, an entire, healthy fern was
sealed inside a clear polythene bag to which a
sidearm, containing a mixing fan (flow rate 3.2 litre
min ') and application septum, was attached. An
hygrometer (Novasina Electronic, Switzerland), to
monitor relative humidity and air temperature, and

the chamber pipes from an LI-6200 portable photo-
synthesis system (LiCor, United States) were sealed
inside the plastic bag. The LI-6200 served as an
IRGA to monitor 12CO2 levels within the bag dur-
ing labelling (13C could not be detected by this
IRGA, because of isotopic differences in infrared
absorption bands). Ten applications of 60 ml of CO2

were made via syringe, through the application
septum. After each injection the CO2 level inside the
bag was allowed to drop to c. 200 ppm total CO2 (20
ppm 12CO2 measured by IRGA) and after a final
injection of air it was left to drop to the CO2 com-
pensation point (c. 100 ppm). Labelling was done on
predominantly clear days between 1000 and 1600 h,
under saturating sunlight (photosynthetic photon flux
density (PPFD)> 1000 |xmolm"2 s"1), and took 1.5-
2 h, depending upon the size of the fern.

Harvesting and treatment of plant material
Six complete plants (two per cultivar) were harvested
at 4 times during the year—February (4 weeks post-
labelling), March (8 weeks), April (12 weeks), and
September (34 weeks). Plants at the first three har-
vest dates were all at the mature fern stage of devel-
opment and the September plants were at the
pre-harvest stage, with spears beginning to emerge
after winter dormancy. The asparagus plant consists
of above-ground shoot material (spears and ferns)
and an underground crown, which is composed of a
series of connected rhizomes, easily-identifiable as
separate lobes, from which roots (storage roots sub-
tended by fibrous roots) and shoot material grow
(Fig. 1). Individual ferns and spears were removed,
and their positions marked, before the removal of the
crown (below-ground portion) of the plant. Ferns
younger than those present at the time of labelling
were categorised as "young ferns", the other foliar
fractions being "fern" and "spears". Ferns on the
September plants were removed in May, before natu-
ral senescence began. The crown of each plant was
harvested on a per unit volume basis—a 500 mm x
1200 mm x 600 mm deep block was removed from
the ground. From core samples taken previously
(unpubl. data) and further excavation below some of
the removed blocks, it was estimated that the re-
moved blocks contained at least 90% of the total
storage root mass (data not shown). Small fibrous
roots were unavoidably lost during washing and
were therefore excluded from analysis. The crown
was divided into its separate rhizomes and associ-
ated roots, and each rhizome was further dissected
into the following morphological fractions (see Fig.
1)—main rhizome (referred to as "rhizome"); roots


