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ABSTRACT

Studies on asparagus growth in relation to yield were undertaken in environmentally
controlled growth cabinets and in greenhouses. Bud production during the annual
growth cycle was also investigated in the field. Growth cabinet experiments showed
that increasing the temperature had a significant effect on bud break and relative spear
growth rate (RSGR), but although prior chilling had a significant effect on the length of
time to bud break at 10°C and 15°C, the effect on RSGR was not so clear. The
cytokinin-active compound, N-(2-chloro-4-pyridyl)-N'-phenylurea (CPPU), and the
naturally occurring cytokinin, zeatin riboside (ZR) significantly stimulated spear
elongation. However, spear leaf scale removal reduced spear elongation in the absence
and presence of CPPU. CPPU only stimulated spear growth when spear leaf scales were
present, indicating that other plant hormones may interact with cytokinins in promoting

elongation. The importance of spear growth rate to yield was discussed.

In greenhouse experiments, CPPU applied as a foliar spray at 10 or 20 mg L™ was
effective in producing longer and thicker cladodes that might be associated with
increased photosynthetic rate. However, photosynthetic rate was unaffected by 10 mg
L' CPPU treatment. Repeated CPPU applications to foliage reduced net assimilation
rate (NAR) compared to untreated controls as determined by growth analysis studies. In
asparagus plants, it was difficult to collect xylem sap and further experiments were
undertaken with Capsicum annuum. The root exudate of CPPU-treated plants
significantly decreased hypocotyl length in the lettuce gibberellin bioassay, suggesting
that CPPU blocks gibberellin biosynthesis in roots. However, the application of GAjto

shoots did not reverse growth suppression caused by CPPU-treated roots.

Bud production, both in growth cabinets and in open field plantings, started to occur
during the spear harvest period in contrast to previously accepted views. During harvest
three to four additional buds per cluster were produced in cabinet-grown plants and an
average of 51 buds per m’ in field plantings. These results confirm that new bud
initiation and development starts to occur during spear harvest, as well as during fern

growth and establishment.
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EXTENDED SUMMARY

Studies on asparagus growth were undertaken both in environmentally controlled
growth cabinets and in greenhouses. A field experiment was also carried out to
investigate bud production during the annual growth cycle. Two main experiments were
carried out in the growth cabinets; one studied the effects of length of chilling and
growing temperature on dormancy of crown buds and subsequent rates of spear growth,

the other studied the effects of plant hormones and spear leaf scales on spear growth.

In growth cabinet experiments, one main experiment was the effect of different chilling
periods at several different growing temperatures on bud break, and relative spear
growth rate (RSGR) of asparagus. In the first experiment, twenty-two-month asparagus
non-chilled plants of ‘Apollo’ and ‘Desto’ were placed into controlled growth cabinets
at one of five temperatures (15°C, 20°C, 25°C, 30°C, and 35°C) for two months. In the
second and third experiment, two and half year plants of ‘Dariana’ and five-year-old
plants of ‘Apollo’ were placed in a coolstore at 5°C for 0, 3 and 6 weeks. After the
specified chilling time, the pots were placed into controlled growth cabinets at one of
five temperatures (10°C, 15°C, 20°C, 25°C, and 30°C) for ‘Apollo’ and three
temperatures (20°C, 25°C, and 30°C) for ‘Dariana’ in dark conditions. The results
showed that increasing the temperature had a significant effect on the time to bud break,
but at 15°C and below chilling had a significant effect on the timing of bud break.
Chilling facilitated commercial production by hastening bud break at lower
temperatures. The RSGR increased with increasing temperature from 10°C to 30°C, but
the effect of prior chilling on RSGR was not clear, possibly because control plants
received some chilling due to insufficient heating in the glasshouse. The growth of
spears was mainly exponential (constant RSGR) from 20°C to 30°C. At 15°C, 56.9% of
the spears showed exponential growth and 8.1% linear growth. At 10°C and 35°C less
than 50% showed exponential growth. These results confirm that at 10°C and 35°C
spear growth tended to be linear while between 15°C and 30°C spears grew
exponentially. Thus growing temperatures are important factors for affecting RSGR and
time to bud break, but the effect on bud break and RSGR may be modified by the

amount of prior chilling.



The other main experiment investigated the effect of plant growth regulators and spear
leaf scales on spear elongation in asparagus. Spears of uniform size were immersed
completely in indole-3-acetic acid (IAA), abscisic acid (ABA), gibberellic acid (GA3)
or N-(2-chloro-4-pyridyl)-N'-phenylurea (CPPU) in test tubes. IAA and GAj slightly
stimulated, and ABA inhibited, elongation of specific regions of the shoot, but overall
the effects on total spear elongation were small. In contrast CPPU and ZR significantly
stimulated spear elongation. Increasing CPPU concentration from 0 to 10 mg L
increased the elongation rate of spears. CPPU may influence spear length by
stimulating the biosynthesis of native cytokinins or other plant growth promoter
hormones as the naturally occurring cytokinin, ZR, was also found to stimulate spear
elongation. However, spear leaf scale removal reduced spear elongation in the absence
and presence of CPPU. CPPU only stimulated spear growth when spear leaf scales were
present, indicating that other plant hormones may interact with cytokinins in promoting

elongation.

In greenhouse experiments, the effect of CPPU application to foliage (foliar spray and
foliar dip), soil drench and roots (crown soaking) on fern numbers, cladophyll length
and diameter, root number and bud production was investigated. CPPU applied as a
foliar spray, foliar dip and root soak decreased fern numbers, but drenching asparagus
crowns with CPPU at 10 mg L™ was effective in stimulating fern numbers, which may
increase canopy size and photosynthetic surface area. The increase in fern might be
expected to improve crown activity (root dry weight, bud number, root number, and
total bud numbers). However, CPPU-treated plants did not show increased crown
activity. CPPU applied as a foliar spray was effective in producing longer and thicker
cladodes, features often associated with increased photosynthetic rates. However,

photosynthetic rates were unaffected by CPPU foliar spray.

[t was observed that the cladodes of new ferns were of normal size, and that therefore
repeat foliar sprays of CPPU were required to increase the diameter and length of
cladodes of subsequent ferns. Repeated CPPU foliar sprays significantly increased
cladophyll surface area and cladophyll dry weight, but decreased root dry matter and
the number of buds. Despite the higher cladophyll surface area, CPPU did not increase
photosynthetic efficiency as measured by relative growth rate (RGR) and net

assimilation rate (NAR).
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Soaking asparagus crowns in 10 mg L CPPU decreased fern height, root dry weight
and crown buds of asparagus, suggesting that CPPU applied as a crown soak may affect
plant hormones in roots such as gibberellins. Because of difficulty in collecting xylem
sap from asparagus plants, further experiments were undertaken with pepper plants.
Root applied CPPU at 10 mg L™ significantly decreased plant height, probably by
inhibiting the activity of the sup-apical region of shoot, reduced internode number and
length at 2 and 4 weeks after treatment, and suppressed root growth. Leaf water
potential of the 10 mg L' CPPU-treated plants was lower than untreated controls,
suggesting the smaller root systems of CPPU-treated plants may limit water uptake.
Xylem sap collected from the roots of CPPU-treated Capsicum plants had less
detectable gibberellin, possibly associated with blocking of gibberellin biosynthesis.
However, GA; foliar spray at 100 mg L' did not reverse growth suppression caused by

the CPPU treatments of pepper roots.

Bud production both in growth cabinets and in open field plantings occurred during the
spear harvest period. Under the growth cabinet conditions, during spear harvest new
buds were produced but new buds per cluster were not influenced by temperatures
between 15°C to 30°C, while at 10°C bud production decreased. Three to four
additional new buds were produced per cluster during the spear harvest period. Thus, as
well as slowing spear growth, temperatures below 15°C may limit the production of
new buds, and thus subsequent yield. In field plantings an average 51 buds per m* were

produced during the spear harvest period. These results confirm that bud initiation and

development occurs during harvest season as well as during the summer.
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