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Abstract

Three onion cultivars viz. Renate, Ailsa Craig and SS1 were characterised according to
their mineral content. The concentrations of the macronutrients phosphorus, potassium,
calcium, manganese and sulphur and the micronutrients iron, boron, manganese, copper
and zinc were analysed in freshly harvested and stored onion bulbs using ICP-AES
(Inductively coupled plasma — atomic emission spectroscopy). Onions were treated pre-
harvest with additional sulphur (100 kg ha™) and/or calcium (300 kg ha™') applied in four
combinations at the time of seed drilling, however these treatments did not affect the total
concentrations of sulphur or calcium in the harvested bulbs. The data were subjected to
canonical variate analysis in order to determine the most appropriate variate to
discriminate between cultivars. Two canonical variates were sufficient to differentiate
between the three cultivars, with the first canonical variate describing differences in
micronutrients between the genotypes and the second separating the cultivars by

differences in sulphur concentration.
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1. Introduction

The elemental composition of the edible portion of some Allium species has been
used as a method for defining geographic origin (Ariyama, Horita, & Yasui, 2004;
Ariyama & Yasui, 2006; Ariyama, Aoyama, Mochizuki, Homura, Kadokura, & Yasui,
2007). In addition, analysis of 63 major and trace elements was shown to allow
differentiation between conventionally and organically grown onions cv. Hysam from
Denmark (Gundersen, Bechmann, Behrens, & Stiirup, 2000). However, apart from these
works and others (Bibak et al., 1998; Alvarez, Marcd, Arroyo, Greaves, & Rivas, 2003;
(Rodriguez Galdon, Oropeza Gonzélez, Rodriguez Rodriguez, & Diaz Romero, 2008)
there has been little research concerning the elemental composition of bulb onions. Most
work concerning manipulation of mineral nutrition of onions has concentrated on the
effect on quality parameters, particularly the effects on pungency (enzymatically
produced pyruvate after maceration), flavour precursors and firmness. Only a few studies
have performed analysis to determine whether the changes in mineral nutrition resulted in
an effect on total mineral concentrations in the bulb. Field, hydroponic and tissue culture
trials worldwide have shown that attempting to manipulate the sulphur content of onions
by varying the sulphur supply during growth has had mixed results and is highly
dependent on a range of factors. These factors include cultivar, the extent of variation of
sulphur supply, and other seasonal and environmental influences including climactic

conditions and soil type (Randle, 1992; Randle, Bussard, & Warnock, 1993; Hamilton,
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Yoo, & Pike, 1998; Kopsell, Randle, & Eiteman, 1999; Lancaster, Farrant, & Shaw,
2001; Coolong, Kopsell, Kopsell, & Randle, 2004; O'Donoghue et al., 2004). In general,
increasing the sulphur supply increases firmness, pungency, alk(en)yl cysteine
sulphoxides (ACSOs) and dry matter when the treatment is applied constantly (e.g. in a
hydroponic system), or when applied as a field treatment towards the end of the growing
season when bulbing has been initiated. The effect of the addition of calcium chloride to
the crop has also been investigated in the USA (Coolong & Randle, 2008). Additional
calcium nutrition resulted in increased firmness of bulbs at harvest, although this effect
did not persist throughout storage. Reduced pyruvate concentration was observed in
CaCl,-treated onions, but this effect only occurred in one out of two growing seasons.
Work carried out on UK-grown onions was unable to replicate these results (B. Smith &
T. Crowther, pers. comm, 2005).

Given previous findings, the aim of the research presented herein was to
determine the effects of field application of additional calcium and/or sulphur treatments
on the mineral content of onion bulbs grown from seed, and to describe genotypic
differences in the mineral content of onion bulbs of short, intermediate and long-storing
onion cultivars viz. SS1, Ailsa Craig and Renate respectively using canonical variate

analysis.

2. Experimental

2.1 Plant material and storage regime
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Short, intermediate and long-storing onion (Allium cepa L.) cvs.; SS1, Ailsa Craig
and Renate, respectively, were spring-drilled on 18 March 2003 in four rows per bed
using a tape seeder at a rate of 35 seeds m™~ and grown in a sandy loam soil field at FB
Parrish & Son (Beds., UK) using standard agronomic practices. Two treatments of
additional sulphur and/or calcium at rates of 100 kg ha" of sulphur and 300 kg ha™ of
calcium were applied in four combinations including a negative control (plus Ca minus S,
plus Ca and S, minus Ca plus S and minus Ca and S). Sulphur, in the form of agricultural
gypsum, was applied uniformly over the plot area at the time of drilling. Calcium was
applied evenly by hand in the form of 77% calcium chloride flakes (Kemira, Cheshire,
UK). Onion bulbs were harvested (cv. SS1 on 19 August 2003; cvs. Renate and Ailsa
Craig on 2 September 2003) into standard 25 kg plastic nets and dried in bin driers with
ambient air for five weeks (cv. SS1) and three weeks (cvs. Ailsa Craig and Renate) as per
standard practice in the UK. The dry aerial parts and roots were removed, and any
diseased or damaged bulbs discarded prior to storage. Bulbs were held under industry
standard controlled atmosphere (CA) conditions (3 kPa CO, and 5 kPa O,; Smittle, 1988)
using an Oxystat 2 CA system, attached to an Oxystat 2002 Controller, and Type 770
fruit store analyser (David Bishop Instruments, Sussex, UK). This system was self-
calibrating every 24 h against 5% CO, in N, (British Oxygen Co., Surrey, UK) as
previously described by Chope, Terry & White (2007). Bulbs were stored at 2 + 1°C
inside two rigid polypropylene fumigation chambers (88 x 59 x 59 cm). Relative

humidity was not measured.
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2.2 Experimental design

The experiment was conducted as a completely randomised design with the
assumption that the storage containers were identical and the samples were taken
randomly. Bulbs were divided equally between the two storage containers. Bulbs were
removed from storage at regular intervals. Samples of cv. Renate were taken after days
0, 40 and 230, cv. Ailsa Craig after days 0, 81 and 129, and cv. SS1 after days 0, 40 and
81. At each sampling date (except time 0) for each cultivar, three bulbs from each
treatment were sampled from each storage chamber. At sampling time 0, four sets of six
bulbs were sampled. Samples from each set of three bulbs from each sampling time and
treatment were combined and lyophilised prior to mineral analysis (except at time 0
where sets of 6 bulbs were combined); therefore, values represent the mean of the

replicates for each sampling date and cultivar.

2.3 Sample preparation

The dry outer skins were removed, and then a vertical wedge of tissue was taken from

the basal section of the bulb. Each sample was weighed and immediately snap-frozen in

liquid nitrogen, and stored at -40°C until it was lyophilised. Dry weight measurements

were made on lyophilised samples.

2.4 Mineral analysis
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Lyophilised bulb tissue (n = 60) was ashed and then digested with 1 ml
concentrated nitric acid (ADAS, 1985). The intensity of ion response was measured by
ICP-AES (Inductively coupled plasma — atomic emission spectroscopy; Ultima 2, Jobin
Yvon, London, UK). Results were expressed as total ion concentrations of boron,
calcium, copper, iron, magnesium, manganese, phosphorus, potassium, sodium, sulphur

and zinc by comparison with external standards.

2.5 Statistical analysis

The effect of the application of additional calcium and sulphur to onion plants in
the field on the concentration of each mineral analysed was assessed using ANOVA. The
calcium and sulphur treatments did not affect total bulb sulphur or calcium content at a
probability level of 0.05. Therefore, the data sets for all calcium and sulphur treatments
were pooled. A main effect of cultivar was identified by univariate analysis of variance
(ANOVA). The groups were further defined using canonical variate analysis (CVA)
(Gardner, Gower & Le Roux, 2006), which bases the analysis on grouping the data so
that the variance between groups (cultivars) is maximized and the variance within groups
is minimised. The circular 95% confidence limits represent the confidence interval for
the population rather than the population mean and have radii of 2.448. The basic radius
value is the square root of the chi-square distribution value at the 5% significance level,

for a distribution with 2 degrees of freedom (as displaying the CVA in 2 dimensions).
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All statistical analyses were carried out using Genstat for Windows Version 7.1.0.198

(VSN International Ltd., Herts., UK).

3. Results and discussion

The variation in mineral content between cultivars was greater than the variation
caused by storage time (Fig. 1). Bulbs of each cultivar were stored for different lengths of
time due to differences in storage life; however, the sampling points represent the

beginning, middle and end of the storage period for each.

INSERT FIGURE 1.

To enable comparison with other published data on the elemental composition of
onions, the data was calculated on a fresh weight basis using the mean dry weights of

each cultivar (Table 1).

INSERT TABLE 1.

Free mineral content should not be expected to change on a dry weight basis
during storage yet mineral content will change as a proportion of fresh weight due to
weight loss. Therefore, the different concentrations recorded at various storage durations
are more likely to represent the natural variation within the population rather than real

changes in mineral concentration. Onion cv. Ailsa Craig bulbs showed the greatest
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variability over time (Fig. 1), and this may be attributed to the fact that it is a not a
commercial cultivar and maintenance of the breeding line is poor (B. Smith, pers. comm,
2004). Previously published data (Hansen, Wyse, & Sorensen, 1979; Holland, Unwin, &
Buss, 1991; U.S. Department of Agriculture, 2004) is comparable with that recorded in
this investigation (Table 1); however, onion cv. Renate bulbs contained approximately 2-
fold the concentration of calcium, copper, iron, potassium and sodium than the values
cited by the literature (U.S. Department of Agriculture, 2004) for unspecified cultivars.
The data are, however, within the same range as that reported for calcium, copper, iron,
manganese, potassium and zinc in cvs. 438 Granex and Yellow Granex, using a technique
based on total reflection X-ray fluorescence and ultrasound-based extraction procedure
(Alvarez et al., 2003), and for those reported for boron, copper, manganese, potassium
and sodium in onion cv. Hysam measured using high resolution ICP-MS (Bibak et al.,
1998). In addition, the data reported here are similar to those reported for copper, iron,
manganese and zinc in the fresh leaves of other Allium L. species (viz. A. schoenoprasum
L., A. nutans L., A. angulosum L., A. fistulosum L., A. montanum Schmidt, A. odorum L.
and A. flavescens Bess.) measured using ICP-MS (Golubev, Golubkina, & Gorbunov,
2003). The reason for differences occurring between reported values for mineral
concentrations in onion is likely to be due to a combination of factors including the
preharvest growing conditions, postharvest treatment, analytical methods, and, as has
been demonstrated here, genotype.

Onion cv. SS1 bulbs had a greater concentration of total sulphur per gram dry
weight than cv. Ailsa Craig and Renate (Fig. 1). This is perhaps surprising as cv. SS1

was the least pungent of the three cultivars (Chope, Terry, & White, 2006), and pungency
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is determined by the availability of sulphur-containing flavour precursors (ACSOs).
Pungency is calculated on a fresh weight basis to reflect the edible product. However, all
mineral analyses were performed on lyophilised tissue, and when the concentrations were
calculated on a fresh weight basis (using the mean dry weight percentage), free sulphur
concentration was least in cv. SS1 bulbs (Table 1). In addition, it has been shown that
there are genotypic differences in the partitioning of sulphur accumulated by the onion
plant. Randle, Kopsell, Kopsell, & Snyder (1999), showed that total bulb sulphur
accumulation was poorly correlated with pungency in three onion cultivars. They
concluded that a key contributing factor in determination of the pungency of an onion
depends upon the capability of the plant to partition sulphur as sulphate in the vacuole,
thus reducing the amount of sulphur incorporate into the ACSO biosynthetic pathway.

All elements measured (except for calcium) were present in significantly different
(P<0.005) concentrations in onion cvs. Renate, Ailsa Craig and SS1 bulbs (Fig. 1). There
was no consistent pattern according to which cultivar had the highest and lowest
concentration of each element, although cv. Ailsa Craig did not have the highest
concentration of any of the elements measured. However, since ANOVA is a univariate
technique which allows comparisons to be made between cultivars based on a single
variate it does not give an insight into how the cultivars are grouped or which is the most
important element in defining groups. Canonical variate analysis (CVA) allows these
types of conclusions to be drawn, and has previously been used to discriminate between
cultivars of other crop species (Cole & Phelps, 1979). Another type of multivariate
analysis, principal component analysis (PCA) has been recently applied to data on

mineral and trace elements in onion bulbs of six different cultivars from various seed
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origins cultivated under the same agronomic, climactic and soil conditions (Rodriguez
Galdon et al., 2008). Significant differences in mineral composition were reported
between cultivars, although relatively high genotypic overlap was evident.

Good separation of the cultivars was obtained using CVA. The majority of the
variation, 89.23 %, was explained by the first canonical variate (CV1), which separated
Renate from cvs. Alisa Craig and SS1, while 10.77 % of the variation was explained by
the second canonical variate. Onion cv. Renate bulbs differed from cvs. Ailsa Craig and
SS1, as shown by the high positive score for Renate in CV1 (5.901), versus negative
scores for Ailsa Craig (-2.702) and SS1 (-2.134), respectively. Canonical variate 2 (CV2)
discriminated between cv. SS1 and cvs. Ailsa Craig and Renate, as shown by the positive
score for SS1 for CV2 (1.536), versus negative scores for Ailsa Craig (-1.424) and Renate
(-0.118), respectively. In the case of CV1 there was less variation between the cultivars
in terms of the macronutrients measured (viz. phosphorus, potassium, calcium,
manganese and sulphur) than for the micronutrients measured (viz. iron, boron,
manganese, copper and zinc), as demonstrated by the higher scores for CV1 for the

macronutrients compared to the micronutrients (Table 2).

INSERT TABLE 2.

A plot of the means of the data relative to the first two canonical variates (Fig. 2)
showed that there was minimal overlapping between the 95% confidence limits for each
cultivar. The highest loading for CV1 was assigned to boron, and onions cv. Renate had

a high positive value for CV1, signifying a high boron concentration compared to cvs.
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Ailsa Craig and SS1. The highest loading for CV2 was assigned to sulphur, indicating
that onion bulbs cv. SS1 contained a higher concentration of sulphur per dry weight than

cvs. Renate and Ailsa Craig, which was also demonstrated using ANOVA.

INSERT FIGURE 2

The sulphur and calcium treatments, applied at the time of seed drilling, did not
affect bulb sulphur or calcium content. Similarly, fertilisation with calcium (in the form
of calcium carbonate) or magnesium (in the form of magnesium sulphate) a few days
prior to planting did not affect the concentration of magnesium or calcium in onion cv.
Super-Kitamomjii bulbs grown in Japan (Ariyama, Nishada, Noda, Kadokura, & Yasui,
2006). Conversely, Coolong & Randle (2008) recently reported that application of
calcium chloride to low pungency Vidalia cv. Georgia Boy onions increased bulb calcium
concentration in each of two growing seasons. The final rate of application was 115 and
230 kg ha™', applied at 8, 12, 16 and 20 weeks after transplant, ensuring a regular supply
throughout the growing season. It may be that this staggered approach to application was
the reason why mineral content was affected. It is also possible that the method of
cultivation i.e. the use of transplants rather than direct drilling could have affected the
results.  However, sulphur concentration was only increased in one growing season
following application of 155 or 230 kg ha™' ammonium sulphate staggered at 6 and 10
weeks after transplant. It is evident from the results presented herein that the sulphur and
calcium applied was not present in the soil in a sufficiently available form, or was applied

too early to the crop. There is also the possibility that the sulphur and calcium were taken
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up early on in the growth period, and retained in the upper part of the plant, however, it
has been shown that ACSOs are translocated from the leaves to the storage scales during
bulbing (Mallor & Thomas, 2008). In addition, it may have been that the soil conditions
supplied sufficient sulphur and calcium nutrition to plants so that the applied treatments

did not have a measurable effect.

4. Conclusion

The work presented herein has shown that it is possible to separate the three
cultivars in this experiment on the basis of mineral content using just two canonical
variates. It was also apparent that when onions of different cultivars are grown on the
same site (i.e. same soil and climatic conditions), there are still significant differences in
the mineral composition of the bulbs. It is therefore likely that the source of this variation
is genotypic. Additional calcium and sulphur fertilisation applied at the time of drilling
had no significant effect on the concentrations of these minerals in the bulbs. Therefore,
it is important to consider the mode and timing of application of these treatments, and it

should not be assumed that mere application to the soil results in greater bioavailability.

Acknowledgements

This work was performed as part of a project funded by the Horticultural

Development Council; ‘Understanding the mechanisms behind onion bulb dormancy in

relation to the potential of improved onion storage’ (CP20). Bulb material was supplied



274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

from HortLink project HLO164LFV (Defining quality assurance for sweet onions with
rapid biosensor analysis) funded by the UK Government (Department for Environment,
Food and Rural Affairs; Defra) and UK industry representatives. Thanks are given to
both Brian Smith and David O’Connor. Mineral analysis was carried out at Warwick

HRI (Warks, UK).

References

ADAS. (1985). The analysis of agricultural materials, MAFF Reference book 427.
HMSO, London.

Alvarez, J., Marc6, L. M., Arroyo, J., Greaves, E. D. & Rivas, R. (2003). Determination
of calcium, potassium, manganese, iron, copper and zinc levels in representative
samples of two onion cultivars using total reflection X-ray fluorescence and
ultrasound extraction procedure. Spectrochimica Acta Part B: Atomic
Spectroscopy, 58(12), 21873-2189.

Ariyama, K., Horita, H & Yasui, A. (2004). Application of inorganic element ratios to
chemometrics for determination of the geographic origin of Welsh onions.
Journal of Agricultural and Food Chemistry, 52(2), 5893-5809.

Ariyama, K., Nishida, T., Noda, T., Kadokura, M. & Yasui, A. (2006). Effects on
fertilisation, crop year, variety, and provenance factors on mineral concentrations

in onions. Journal of Agricultural and Food Chemistry, 54(9), 3341-3350.



295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

Ariyama, K. & Yasui, A. (2006). The determination technique of the geographic origin of
Welsh onions by mineral composition and perspectives for the future. Japan
Agricultural Research Quarterly, 40(4), 333-339.

Ariyama, K., Aoyama, Y., Mochizuki, A., Homura, Y., Kadokura, M. & Yasui, A.
(2007). Determination of the geographic origin of onions between three main
production areas in Japan and other countries by mineral composition. Journal of
Agricultural and Food Chemistry, 52(19), 347-354.

Bibak, A., Behrens, A., Stiirup, S., Knudsen, L. and Gundersen, V. (1998).
Concentrations of 63 major and trace elements in Danish agricultural crops
measured by inductively couple plasma mass spectrometry. I. Onion (Allium cepa
Hysam). Journal of Agricultural and Food Chemistry, 46(8), 3139-3145.

Chope, G. A, Terry, L. A. & White, P. J. (2006). Effect of controlled atmosphere storage
on abscisic acid concentration and other biochemical attributes of onion bulbs.
Postharvest Biology and Technology, 39(3), 233-242.

Chope, G. A., Terry, L. A. & White, P. J. (2007). The effect of the transition between
controlled atmosphere and regular atmosphere storage on bulbs of onion cultivars
SS1, Carlos and Renate. Postharvest Biology and Technology, 44(3), 228-239.

Cole, R. A. & Phelps, K. (1979). Use of canonical variate analysis in the differentiation
of swede cultivars by gas-liquid chromatography of volatile hydrolysis products.
Journal of the Science of Food and Agriculture, 30(7), 669-676.

Coolong, T. W., Kopsell, D. A., Kopsell, D. E. & Randle, W. M. (2004). Nitrogen and
sulphur influence nutrient usage and accumulation in onion. Journal of Plant

Nutrition, 27(9), 1667-1686.



318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

Coolong, T. W. & Randle, W. M. (2008). The effects of calcium chloride and ammonium
sulphate on onion bulb quality at harvest and during storage. HortScience, 43(2),
465-471.

Food and Agriculture Organisation of the United Nations. (2007). FAOSTAT. [online].

Available at:  http://faostat.fao.org/site/346/Desktp/default.aspx?PagelD=346

(Accessed 15 June 2007).
Gardner, S., Gower, J. C & Le Roux, N. J. (2006). A synthesis of canonical variate
analysis, generalised canonical correlation and Procrustes analysis. Computational

Statistics and Data Analysis, 50(1), 107-134.

Golubeyv, F. V., Golubkina. N. A. & Gorbunov, Y. N. (2003). Mineral composition of
wild onions and their nutritional value. Applied Biochemistry and Microbiology,

39(5), 532-535.

Gunderson, V., Ellegaard Bechmann, 1., Behrens, A. and Stiirup, S. (2000). Comparative
investigation of concentrations of major and trace elements in organic and
conventional Danish agricultural crops. I. Onions (Allium cepa Hysam) and Peas
(Pisum sativum Ping Pong). Journal of Agricultural and Food Chemistry, 48(12),
6094-6102.

Hamilton, B. K., Yoo, K. S. & Pike, L. M. (1998). Changes in pungency of onions by soil
type, sulphur nutrition and bulb maturity. Scientia Horticulturae, 74(4), 249-256.

Hansen, R. G., Wyse, B. W. & Sorensen, A. W. (1979). Nutritional quality index of

foods. AVI Publishing Company, Connecticut, USA.



339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

Holland B., Unwin, I. D. & Buss, D. H. (1991). Vegetables, Herbs and Spices. Fifth
supplement to McCance and Widdowson's The Composition of Foods (4™
Edition). Royal Society of Chemistry, Cambridge.

Kopsell, D. E., Randle, W. M. & Eiteman, M. A. (1999). Changes in the S-alk(en)yl
cysteine sulfoxides and their biosynthetic intermediates during onion storage.
Journal of the American Society for Horticultural Science, 124(2), 177-183.

Lancaster, J. E., Farrant, J. & Shaw, M. L. (2001). Sulfur nutrition affects cellular sulfur,
dry weight distribution, and bulb quality in onion. Journal of the American
Society for Horticultural Science, 126(2), 164-168.

Mallor, C. & Thomas, B. (2008). Resource allocation and the origin of flavour precursors
in onion bulbs. Journal of Horticultural Science and Biotechnology, 83(2), 191-
198.

O'Donoghue, E. M., Somerfield, S. D., Shaw, M., Bendall, M., Hedderly, D., Eason, J. &
Sims, I. (2004). Evaluation of carbohydrates in Pukekohe Longkeeper and Grano
cultivars of Allium cepa. Journal of Agricultural and Food Chemistry, 52(17),
5383-5390.

Randle, W. M. (1992). Sulfur nutrition affects nonstructural water-soluble carbohydrates
in onion germplasm. HortScience, 27(1), 52-55.

Randle, W. M., Bussard, M. L. & Warnock, D. F. (1993). Ontogeny and sulfur fertility
affect leaf sulfur in short-day onions. Journal of the American Society for

Horticultural Science, 118(6), 762-765.



360

361

362

363

364

365

366

367

368

369

370

371

372

373

Randle, W. M., Kopsell, D, E., Kopsell, D. A. & Snyder, R. L. (1999). Total sulphur and
sulphate accumulation in onion is affected by sulphur fertility. Journal of Plant
Nutrition, 22(1), 45-51.

Rodriguez Galdoén, B., Oropeza Gonzélez, R., Rodriguez Rodriguez, E. & Diaz Romero,
C. (2008). Comparison of mineral and trace elements in onion cultivars (Allium
cepa L.). Journal of the Science of Food and Agriculture, 88(9), 1554-1561.

Smittle, D. A. (1988). Evaluation of storage methods for 'Granex' onions. Journal of the
American Society for Horticultural Science, 133(6), 877-880.

U.S. Department of Agriculture. (2004). USDA nutrient database for standard reference.

Vol. 2004. [online]. Available at: http://www.nal.usda.gov/fnic/foodcomp

(Accessed: 20 October 2004).
White, P. J. & Broadley, M. R. (2005). Biofortifying crops with essential mineral

elements. Trends in Plant Science, 10(12), 586-593.



374

375

376

377

Figures
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Tables

Table 1.
Element Renate Ailsa Craig SS1 Raw onion' Sweet onion' Raw onion” Raw onion’ RDA’ RNI

(mg) (mg)

B 0.58 0.07 0.12 NS NS NS NS NS NS
Ca 60.34 45.34 29.22 22.00 20.00 25.00 27.06 1000-1200 700
Cu 0.58 0.08 0.13 0.04 0.06 0.05 NS 0.9 1.2
Fe 0.70 0.34 0.31 0.19 0.26 0.30 0.53 5.0-18.0 11.4
K 270.85 187.64 149.24 144.00 119.00 160.00 157.06 1600-3500 3500
Mg 10.81 7.42 6.39 10.00 9.00 4.00 NS 310-420 300
Mn 0.23 0.13 0.11 0.13 0.08 0.10 NS 1.8-2.3 >1.4
Na 14.57 5.19 3.84 3.00 8.00 3.00 NS 500-2400 1600
P 29.25 19.86 15.92 27.00 27.00 30.00 35.88 700 550
S 67.97 50.66 38.21 NS NS 51.00 NS NS NS
Zn 0.45 0.28 0.27 0.16 0.13 0.20 NS 8.0-11.0 9.5

NS — not specified

'Data from USDA database (U.S. Department of Agriculture, 2004) cvs. not specified.
"Data from Holland, Unwin, & Buss (1991) cv. not specified.

3Hansen, Wyse, & Sorensen (1979) cv. not specified.

*RDA=Recommended Daily Allowance (US) (White & Broadley, 2005).

SRNI=Reference Nutrient Intake (UK) (White & Broadley, 2005).
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Table 2.

Variate Canonical variate 1 ~ Canonical variate 2
Boron 0.16033 0.04664
Calcium -0.00049 -0.00047
Copper 0.03610 0.01124
Iron 0.02923 -0.03678
Potassium -0.00011 -0.00010
Magnesium -0.00540 0.01503
Manganese 0.13895 0.01173
Sodium 0.00185 -0.00143
Phosphorus -0.00499 -0.00149
Sulphur 0.00105 -0.09950
Zinc -0.01398 0.03573
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Figure Captions

Fig. 1. Elemental content of onion cvs. Renate, Ailsa Craig and SS1 bulbs after
postharvest curing (day 0, black bars, n = 4), and at early (light grey bars, n = 8) and late
(dark grey bars, n = 8) time points during controlled atmosphere storage (cv. Renate: days
40 and 230, cv. Ailsa Craig: days 81 and 129, and cv. SS1: days 40 and 81). Standard

error bars are shown.

Fig. 2. The scores for the first two canonical variates of the three cultivars. The lines
around the groups represent the 95% confidence interval for each group. o =cv. SS1, x =

cv. Renate, + = cv. Ailsa Craig.

Table Captions

Table 1. The mean elemental composition of onion cvs. Renate, Ailsa Craig and SS1
bulbs (n = 20) compared with data for raw and sweet onions from the USDA database
(U.S. Department of Agriculture, 2004) compared to the RDA and RNI values. Values

are presented as mg 100g™ unless otherwise stated).

Table 2. The mean scores of the first two canonical variates of the minerals analysed.



