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Abstract A survey of the mineral composition of
6 swede and 3 kale crops from 9 farms near Gore,
Southland, New Zealand, showed that while they
provided adequate concentrations of the macro-
elements and Fe to meet dietary requirements of
livestock, the kales were deficient in Mn and Zn
(stems only), Cu, Co, and I, whereas the swedes
were deficient in Mn, Zn, Se, and I (bulbs only),
Cu, and Co. The applications of Co-, Se-, and Cu-
amended fertilisers at sowing and as a topdressing
had no significant effect on the Co and Cu
concentrations of swedes and kale. The Se
concentrations in the leaves of the kale were roughly
doubled 2 to 4 months after the topdressing with
Se-amended fertiliser.
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INTRODUCTION

Brassicas are an important forage crop grown in
New Zealand, as they can yield 8-16 t ha"1 150-
200 days after sowing and are used to provide winter
feed for pregnant ewes, hoggets, and cattle or
summer feed for lambs (Nicol & Barry 1980; Cox-
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Ganseretal. 1994; Reid etal. 1994). The dry matter
(DM) digestibility of brassica crops such as swedes
and marrow stem kale is high, exceeding 80%, but
data on their nutrient composition, particularly
macro- and micro-elements, are limited (Jones
1959; Cornforth et al. 1978). Some of these crops
are grown in areas where Co, Se, and Cu
deficiencies have been observed in grazing animals
(Grace 1994). One approach to increase the trace
element intakes and prevent deficiencies in grazing
livestock is to topdress pastures with Co-, Se-, and
Cu-amended fertilisers (Watkinson 1983; Sherrell
1984; Grace et al. 1998). The effect of using
amended fertilisers on brassica crops to increase
their Co, Se, and Cu concentrations has not been
well documented. This paper presents data on the
mineral composition of swedes and kale and the
use of trace element-amended fertilisers to increase
their micro-element content.

MATERIALS AND METHODS

Mineral composition of brassicas
The survey was carried out on 9 farms in the
Wendon Valley, near Gore, Southland, New
Zealand. The soils on which these crops were grown
consisted of Mataura, Crookston, Waikoikoi, and
Pukekoma soils which are Recent soils (2 farms),
Pallic soils (5 farms), and Brown soils (2 farms)
(Hewitt 1993). These soils in total represent 140 000
ha of land in the West Otago/Southland district.
Average annual rainfall for the district is 900 mm.
Leaf and stem material from three kale crops (3
farms, grown on 6-8-ha paddocks) and leaf and bulb
material from 6 swede crops (6 farms, grown on 6-
8-ha paddocks) was sampled randomly across the
crops in June prior to grazing. Leaf material
consisted of the most recently expanded mature leaf,
while stem material (kale) was from the adjacent
stem and bulb material (swedes) consisted of cores
taken from a random selection of bulbs. The leaves,
stems, and bulbs were separated, subsampled, and
1-1.5 kg of material dried at 60°C for 48 hours
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before being ground for Ca, P, Mg, Na, K, S, Fe,
Mn, Cu, Zn, B, Co, Se, Mo, and I analysis at
Analytical Research Laboratories Ltd (ARL),
Napier. The plant material was unwashed in order
to obtain the total mineral elements ingested by the
animals.

Fertiliser applications to brassicas
Six- and 8-ha paddocks were prepared for sowing
swedes (Major Plus) and kale (Giant Chou),
respectively. The swede crop (farm SD) was grown
on a Waikoikoi silt loam (Pallic soil, Hewitt 1993)
following pasture. The kale crop was a second-year
brassica crop grown (farm DS) on a Mataura silt
loam (Recent soil, Hewitt 1993). Both crops had a
good base fertility of phosphorus, potassium,
magnesium, and sulphur but low pH. Consequently
both crops received 2.5 t ha~' of lime, worked in
prior to sowing. Further soil testing indicated that
both paddocks had low copper and cobalt levels
and that manganese levels were sufficiently low to
not adversely affect plant cobalt uptake. A pre-
emergence application of Treflan was used to
control weeds. Three fertiliser treatments were
applied: (a) Base fertiliser (237.5 kg diammonium
phosphate ha ', 12.5 kg fertiliser borate 46 ha~',
and 250 kg serpentine super h a ' ) with no animal
health trace elements at sowing in December 1998
(Control), (b) Base fertiliser plus trace elements at
sowing in December 1998, and (c) Base fertiliser
plus trace elements as a broadcast sidedressing in
January 1999. The trace element mix consisted of
Co at 375 g CoSO4.7H2O ha 1 , Se at 0.5 kg Selcote
Ultra ha~' (5 g Se ha"1), and Cu at 6.25 kg CuS04

.5H2Oha '.

Both crops were sown (0.5 kg seed ha"1) using
the same ridger with the basal dressing of
diammonium phosphate (DAP) and boron in the
front box and serpentine super in the back box with
the seed.

In each paddock 4 randomised strips received
the basal fertiliser containing the trace element mix.
Each strip ran the length of the paddock. On 25
January 1999, plots 4 rows wide by 41 m long
(100 m2) were pegged from the sown trace element
strips and randomly from the adjacent .control area
to form the control plots and the broadcast treatment
plots. This was to provide smaller areas for the
purpose of herbage sampling. The trial design was
a randomised block with 4 replicates. The broadcast
trace element treatment was applied to its plots on
27 January 1999. Within two days both paddocks
received a nitrogen topdressing of 100 kg ha"1 of

urea (46 kg N ha '). Leaf material (the most recently
expanded mature leaf) was sampled from the inner
2 rows of each plot on 25 January and 9 March.
The first sampling consisted of only 8 samples as
the broadcast treatment had not yet been applied;
subsequent samplings consisted of 12 samples.
Leaf, adjacent mid stem, or cores from bulbs from
the same plants were sampled separately on 19
April, 1 June, and 25 June prior to the crops being
fed to sheep and cattle. Samples were sent to
Ravensdown Fertiliser Co-op's Hornby plant for
immediate detergent and distilled water washing,
dicing, drying, and grinding before being sent to
Analytical Research Laboratories Ltd (ARL),
Napier, for Co, Se, and Cu analysis. The plant
samples were washed to obtain the trace element
concentrations of plant material only.

Analytical
Samples (0.5-1 g) of leaf, stem, and bulb were
digested in concentrated analytical grade (AR) nitric
and perchloric acids (Thompson & Blanchflower
1971). To determine all elements except Se, Co,
Mo, and I, the digesta were taken up in hot water
and element concentrations determined by atomic
absorption spectrometry. Selenium was determined
by hydride generation (Bryce et al. 1995), Co and
Mo were complexed with 2-nitrosonaphth-l-ol
and toluene-3,4-dithol, respectively, extracted in
methyl isobutyl ketone, and then determined by
atomic absorption spectrometry (Heanes 1981;
Subramanian 1996), and I was determined after an
alkaline ashing by an oxidation-reduction reaction
(Sandell & Kolthoff 1937).

Statistical analysis
The significant effects of Co-, Se-, and Cu-amended
fertiliser treatments on plant trace element
concentrations were determined by analysis of
variance using GENSTAT after the data were log
transformed. All LSD values are at the 0.05 level
of significance.

RESULTS

In the farm survey, for swedes, the mineral
concentrations were higher in leaves than in the
bulbs except for P and K (Table 1). In kale, the
leaves had higher mineral concentrations of Ca, S,
Fe, Mn, Co, Se, and Mo and lower I concentration
than stems. Calcium, P, Mg, Na, S, Mn, and Cu
were in similar concentrations in the leaves of both


