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high. Mean daughter tuber weight, including the
weight of tubers with attached secondary tubers, was
reduced at the lower nutrient rate (14.4—11.8 g), with
increasing plant density (15.6,12.8,10.9 g) and with
pruning (14.7 g in the uncut control compared with
10.3 g in the pruned treatment). Leaf area per plant
was reduced both at the lower nutrient rate and by
the pruning/leaf removal treatment, but it was not
affected by density. The reduced tuber weight with
increased plant density was probably the result of to
greater levels of interplant shading.

Keywords sandersonia; Sandersonia aurantiaca;
tuber; density; nutrition; pruning; secondary tubers

Abstract The effects of two nutrient rates
(Nutricote at 1.0 or 3.0 kg/m3 of potting mix), three
plant densities (128, 256, and 384 tubers/m2), and
three stem pruning/leaf removal treatments on tuber
weight and the incidence of secondary tuber produc-
tion in Sandersonia aurantiaca (Hook.) were as-
sessed in a factorial experiment. The pruning/leaf
removal treatments were an unpruned control, stem
pruning just below the lowest flower at early flow-
ering, and a leaf removal treatment (leaves stripped
from below the lowest flower at early flowering).
Secondary tuber formation was significantly affected
by both nutrient rate and plant density, but not by
the pruning treatments. The higher plant density
reduced mean secondary tuber formation from 75 to
45%, and the lower nutrient rate decreased second-
ary tuber numbers from 64 to 55%. There was no
significant interaction between plant density and
nutrient rate. At the lowest density and high nutri-
ent rate the incidence of secondary tubers was 79%
compared to 38% at the highest density and low
nutrient rate. Commercially, this is still unacceptably
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INTRODUCTION

Secondary tuber formation is a physiological disor-
der that often causes large losses in the production
of Sandersonia aurantiaca (Hook.) tubers (Brundell
& Reyngoud 1986). From either one or both of the
growing points on the developing daughter tuber a
secondary tuber (commonly called a button or mar-
ble) can develop. This disorder has also been ob-
served in a closely related species, Gloriosa (Carow
1975). These secondary tubers are easily detached,
resulting in daughter tubers with missing growing
points, a small secondary tuber not large enough for
forcing and both tubers being generally unmarket-
able.

Clark & Burge (1997a) found that secondary tu-
ber formation was affected by time of planting, and
suggested that this may be the result of environmen-
tal factors such as temperature, radiation, and day
length. They also found that secondary tuber num-
bers could be reduced by stem pruning, removing
auxin sources (growing tip and flowers), and apply-
ing an auxin transport inhibitor (2,3,5-triiodobenzoic
acid (TIBA)). In subsequent controlled environment
studies the incidence of secondary tuber formation
was found to increase with both increasing tempera-
ture and photosynthetically active radiation (PAR)
(Brooking et al. 1997).
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In another study (Clark & Burge 1997b) second-
ary tuber formation was reduced by higher plant
densities and by stem pruning treatments, but there
was no reduction by shading treatments. Pruning
treatments reduce leaf area, and thus photosynthates
for tuber production, and remove auxin sources.
Higher plant densities result in greater levels of self
shading and competition for available nutrients.

A recent experiment on the effect of nitrogen
levels in soil-less media on sandersonia cut-flower
and tuber production found that secondary tuber
numbers were reduced at low rates of available
nitrogen (Clark & Burge 1999).

The objective of this study was to examine the
effects of nutrient rate, planting density, and stem
pruning treatments on tuber size and secondary tuber
formation so as to understand the interaction between
these cultural practices on the incidence of this
disorder and to continue the development of cultural
practices to reduce the disorder to a commercially
acceptable level.

MATERIALS AND METHODS

Tubers of mean weight 1.3 g that had been stored for
3-4 months at 4°C were pre-sprouted for 7 days at 23°C
(Clark 1994). Tubers were then dipped in a protective
fungicide mix of 0.5 g/litre benomyl plus 2.0 g/litre
thiram for 10 min before planting on 29 September
1995 into polystyrene trays (595 x 420 x 190 mm)
containing a 50:50 peatpumice mix with incorporated
fertilisers. The fertiliser blend/m3 used was: dolomite
(3 kg), gypsum (0.5 kg), superphosphate (0.5 kg), iron
chelate (0.05 kg), PG mix (orange) (1.0 kg) and 180-
day Nutricote slow release fertiliser with trace elements
(N13 : P 5.7: K 10.8 + Mg 1.2%, B 0.02%, Cu 0.05%,
Fe 0.2%, Mn 0.06%, Zn 0.015%, and Mo 0.02%).
Trays were mulched with 10 mm of untreated sawdust.
Plants were grown in an unheated, twin-skin, plastic
greenhouse with forced air circulation ventilated at
20°C. The crop was supported with netting. It was
sprinkler-irrigated until emergence and then drip-
irrigated twice daily at 2.5 litres/m2. Greenhouse
temperatures at crop level were recorded at 1 min
intervals during plant growth. Daily solar radiation data
were obtained from an adjacent meteorological site
operated by New Zealand Institute of Water and
Atmospheric Research.

Treatments
A factorial design was used with three treatment
factors: nutrient rate, tuber density, and pruning

treatments. Treatments were replicated in five blocks
in a randomised complete block design. (1) Fertiliser
incorporated at either 1.0 or 3.0 kg Nutricote per m3.
(2) Tubers were planted at three densities: 32, 64,
and 96 tubers per tray (equivalent to 128, 256, and
384 tubers/m2). (3) Three treatments were imposed
on 22 December 1995, 12 weeks after planting (3
weeks after 50% of the crop had two flowers open
per stem). These pruning treatments were an uncut
control, a single-cut (stems topped just below the
lowest flower), and an uncut treatment with leaves
removed from below the lowest flower to provide
an approximately equivalent leaf area (c. 12-15
leaves) to the single-cut treatment but with the auxin
sources (flowers and growing tip) left intact.

Measurements
One block was cut at ground level on 25 January
(Week 16) and the leaf area of a subsample of 10
stems measured using a Delta T Leaf Area Meter.
The remaining four blocks were used to analyse the
effects of the three treatment factors. On 29 January
(Week 16) leaf samples (2-3 of the youngest mature
leaves) were taken from 10 randomly selected stems/
tray of three blocks (using only the unpruned
controls) for nutrient analysis. All stems were cut at
ground level on 17 February, 8 weeks after the
pruning treatments were imposed, and watering
ceased. Tubers were lifted 3 weeks later, and tuber
weights and the number of tubers with secondary
tubers (irrespective of whether they had one or two
secondary tubers) were recorded from the four
remaining replicates.

Data were analysed by analysis of variance (Genstat
5 1990). For some variables transformation appeared
to be desirable. However, these analyses showed the
same pattern of significance as the untransformed
analyses. Untransformed means are presented.

RESULTS

Both nutrient rate and density had a significant effect
(P < 0.001) on the percentage of daughter tubers with
secondary tubers (Table 1). The incidence of tubers
with secondary tubers was reduced with increasing
density from 75% at 128 plants/m2 to 45% at 384
plants/m2. At the higher rates of added nutrients the
average percentage of secondary tubers increased
from 55 to 64%. There was no significant interaction
between nutrient rate and density and no effect of
pruning treatment on secondary tuber numbers (data
not presented).


