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ABSTRACT

BACKGROUND: Onions contain a number of bioactive compounds - in particular polyphenols.
They are a rich source of such compounds in the human diet and offer significant health benefits to
the consumer. Demand for organic crops is steadily increasing partly based on the expected health
benefits of organic food consumption. The current study examines the influence of organic and

conventional crop management practices on bioactive polyphenolic content of onion.

RESULTS: We examined the effect of conventional, organic, and mixed cultivation practices on the
content of total phenolics, total flavonoids and antioxidant activity in two varieties of onion grown
over four years in a split-plot factorial systems comparison trial. Levels of total phenolics and total
flavonoids showed a significant year on year variation and were significantly different between

organic and conventional production systems. The levels of total phenolics, total flavonoids and
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antioxidant activity in generally were significantly higher (p<0.05) under fully organic compared to

fully conventional management.

CONCLUSION: Organic cultivation practices resulted in significantly higher levels of potential

bioactive compounds in onion.

Keywords: onion (Allium cepa L.); organic; conventional; phenolics; flavonoids; antioxidants.

INTRODUCTION

The demand for organic food products has increased rapidly during recent years,' partially due to the
notion that health benefits are linked with the consumption of organic foods. Organic food is
perceived to be more nutritious, better tasting, and environmentally friendlier compared to
conventionally grown crops.” Organic crop production in Europe is controlled by EU Council
Regulation No 834/2007.° Certified organic producers must follow interpretations of the guiding EU
legislation set down by, and inspected by, National certification bodies. In Ireland the main organic
certification bodies are IOFGA (Irish Organic Farmers and Growers Association) and the Organic
Trust, Dublin. Broadly organic crops cannot be genetically engineered, or treated with synthetic
fertilisers, or synthetic pesticides. This raises a question if these restrictions of cultivation practices
have any impact on plant metabolites, particularly secondary metabolites. Scientific studies have
shown that organic cultivation directly impacts on the levels of secondary metabolites, mainly
polyphenols, in fruits and vegetables.* * In addition to organic practices, the concentration of
polyphenols in edible plants is affected by other factors such as cultivar and variety selection,’ tissue
maturity and damage at harvest: stress (pathogen infection and pest attack),” climate and soil
microenvironment, fertilizer regime, temperature, irradiation, and post-harvest treatment.® Relative to
conventional systems, organic systems may increase the exposure of crops to such stresses, thus
inducing the synthesis of secondary metabolites.® The polyphenols are ‘natural antioxidants’ and have

received huge attention in recent times due to their diverse health enhancing properties by preventing
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oxidative damage to cellular macromolecules and organelles.”'' Given that increasing evidence
indicates a role for plant phenolics especially flavonoids in human health, efforts need to be directed
in understanding the relationship between cultivation practices and phenolic levels in crops.” There is
a volume of scientific data in a relatively large number of studies showing the impact of the organic
cultivation on the concentration of secondary metabolites with antioxidant activity, including a wide
range of nutritionally desirable phenolics in edible plants.” '*'7 The higher concentrations of a wide
range of phenolics found in organic crops/crop-based foods may indicate the greatest potential
nutritional benefits.” However, there is little information on the impact of various cultivation
practices on the production of secondary metabolites in onion, which is a major source of polyphenols
in the human diet, and is globally an important agricultural product with annual production of 82.82
MT."® It has been reported that onions (Allium cepa L.) make the greatest contribution of antioxidant
flavonoids to the Western European diet by virtue of their content and their frequency of
consumption'® and bioactive phenolic compounds found in onions are widely recognized as beneficial
to health with the potential to protect the body from some degenerative diseases.'>**** Many reports
have indicated that onions have a wide range of beneficial properties for human health, such as anti-
cholesterolaemic,”' anti-mutagenic,” and antioxidant capacity.” ** There is an increasing attention on
the antioxidant content of onion because regular consumption of onions is associated with a reduced
risk of neurodegenerative disorders, many forms of cancer, and cataract formation.”

The objective of this study was to to compare the total phenolic contents, total flavonoid contents and
antioxdiant activity in onions grown under organic, conventional and mixed cultivation practices in a
multi-year experiment. The onion trials described here are from a long-term systems comparison trial

with samples harvest from research plots in 2010 to 2014 collection.

MATERIALS AND METHODS

Chemicals

Gallic acid, methanol (MeOH), ethanol, Folin-Ciocalteau reagent, potassium acetate, Sodium
carbonate (Na,CO3), Aluminium Chloride (AICl;), Acetate, Ferric Chloride, TPTZ (2,4,6-tripyridyl-5-

triazine), Hydrogen Chloride (HCI), Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid)
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and DPPH (2,2-Diphenyl-1-picrylhydrazyl) were obtained from Sigma (Sigma Aldrich, Arklow,

Ireland).

Field trial

The onions analysed were from the systems field trial carried out at Teagasc, Kinsealy (53° 25N, 6°
10W), Dublin, Ireland. The soil type at this location was loam to clay loam (altitude, 28m O.D.; slope,
1°; moderately well drained). The field trial was a factorial split plot design with four replicates (n=4)
and followed commercial vegetable production practices in Ireland. There were two levels of soil
treatment, namely (i) organic soil treatment (OS) and (ii) a conventional soil treatment (CS); and two
levels of pest-control, namely (i) an organic pest-control treatment (OP) and (ii) a conventional pest-
control treatment (CP). Two varieties (V1=Hyskin, V2=Red Baron) of each crop were grown every
year. Within each replicate (n=4) each crop was grown under eight possible treatment combinations
(V1+OS+0OP, VI1+0OS+CP, VI+CS+OP, VI1+CS+CP, V2+OS+OP, V2+OS+CP, V2+CS+OP,
V2+CS+CP) giving a total of 32 plots per crop per year. The trial was set up in spring 2009 on land
that had previously been under long standing grass for more than 10 years. Organic cultivation
practices used were in compliance with EC1990/92,%° EC834/200719” and as described previously.”’
The organic soil (OS) treatments consisted the use of certified organic fertilisers; a 4 year horticultural
crop rotation including a fertility building red clover ley (Trifolium pratense); and use of winter cover
crops. In contrast the conventional soil (CS) treatment used mineral fertilisers and no set crop rotation
(crops randomly allocated each year) with no winter cover crop. Equivalent rates of nitrogen (N),
phosphorus (P) and potassium (K) were applied to both CS and OS treatments following a spring soil
test and the rates applied were according to Teagasc recommendations for the crop.”® Fertiliser was
applied as a mixture of calcium ammonium nitrate, single super-phosphate and sulfate of potash for
the CS treatment; or Greenvale fertilizer (4.5:3:3) and ProKali (3:0:14) for the OS treatment.
Conventional pest-control (CP) treatments comprised pesticide applications against weeds, pests and
diseases typical of commercial vegetable production and in accordance with Alexander (2011,

2013).” Organic pest-control (OP) treatments comprised mechanical weed and pest-control methods,
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certified treatments of biological origin if required and provision of a refuge area to encourage
beneficial insects. Applied inputs for onion cultivation in 2010-2014 are shown in Table 1. Additional

information on the field trial layout is available at http://www.ipfn.ie/publications/agronomic.

For experimental plots onions bulbs were harvested at commercial maturity stages from the internal
rows with guard rows excluded. After harvesting three diseases free onions of similar size were taken
as a composite sample from each plot. Samples for analysis were immediately refrigerated and then
frozen at -20 °C within 24 hours of harvest. Frozen samples were freeze dried in a large scale freeze
drier (Frozen in Time Ltd. United Kingdom). Once freeze dried, samples were vacuum packed in

poplypropylene bags and kept at -20 °C until analysis.

Extraction and analysis of phenolic compounds

Freeze dried onions were milled using a kitchen blender (Kenwood Limited, Havant, UK). The
powdered onions (1g) were mixed with 10 ml of 80% methanol (MEOH) and homogenized with an
Omni-prep multisample homogenizer (Omni International, Kennesaw, USA) at 24, 000 rpm. The
homogenized sample suspensions were shaken overnight using a V400 Multitude Vortexer (Alpha
Laboratories, North York, Canada) at 1,500 rpm at room temperature. The sample suspensions were
then centrifuged for 20 min at 3,000 g (MSE Mistral 3000i, Sanyo Gallenkamp, Leicestershire, UK)
and filtered through 0.22 pum polytera fluoethylene filters. The extracts were kept in -20°C for

subsequent analysis.

Analysis of total phenolics

Total phenolics were determined using a modification of the Folin-Ciocalteau method.*® Briefly 100
pl of methanolic extract, 100 pul of MeOH, 100 pl Folin-Ciocalteau reagent and 700 pl of Na,COs
were added to 1.5 ml microcentrifuge tubes and the samples were vortexed. The tubes were then left
in the dark for 20 min at room temperature. Following this, the samples were centrifuged (Eppendorf,
Centrifuge 5417R, Germany) at 17,900g for 3 min. The absorbance of the sample was read at 735 nm

by spectrophotometer (Shimadzu UV-1700, Shimadzu Corporation, Kyoto, Japan) using aqueous
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gallic acid (10-400 mg 1) as a standard. Results are expressed as gallic acid equivalents on a dry

weight basis (GAE mg g”' DW). All measurements were carried out in triplicate.

Analysis of total flavonoids

Total flavonoid content was determined using the method described by Lin and Tang.”' Briefly, 100
pl of methanolic extract was mixed with 300 pl of 95% ethanol, 40 pl of 10% aluminium chloride, 40
pl of 1.0 M potassium acetate and 520 pl of distilled water. After incubation at room temperature for
40 min, absorbance of the reaction mixture was measured against a blank at 415 nm using a
spectrophotometer (Shimadzu UV-1700, Shimadzu Corporation, Kyoto, Japan). Quercetin was used
to develop a standard calibration curve and the total flavonoid content was expressed as milligrams of

quercetin equivalents per gram dry weight (Quercetin mg g DW).

Analysis of antioxidant activity

Assay for Ferric Reducing Antioxidant Power (FRAP) assay

The FRAP assay was carried out according to the method of Stratil et al.*> with slight modification.
The FRAP solution was freshly prepared on the day of use, by mixing acetate buffer (pH 3.6), ferric
chloride solution (20 mM) and TPTZ solution (10 mM TPTZ in 40 mM HCI) in a proportion of
10:1:1, respectively. Following this, the FRAP solution was heated, while protected from light, until it
had reached a temperature of 37°C. Appropriate dilutions of onion methanolic extracts were prepared
by diluting 10-fold in in methanol. 100 pl of the diluted sample extract or for blank (100 ul methanol)
and for Trolox standard curves 100 pl Trolox of appropriate concentration and 900 pl of FRAP
solution were added into a micro-centrifuge tube. The tubes were vortexed and left at 37 °C for
exactly 40 min, and the absorbance was measured at 593 nm using spectrophotometer (Shimadzu UV-
1700, Shimadzu Corporation, Kyoto, Japan). The antioxidant activity of the samples was expressed in
mg Trolox equivalents per gram dry weight sample (Trolox mg g’ DW). All measurements were

carried out in triplicate.
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Assay for DPPH antioxidant power

The DPPH scavenging activity assay was performed as per the method described by Goupy et al.*®
with a slight modification. 2, 2-diphenylpicrylhydrazyl (DPPH) was dissolved in methanol to a
concentration of 0.238 mg ml” in a conical flask. The reagent was prepared 2 hours prior to use, to
ensure that the DPPH has fully dissolved and stabilised. The flask containing DPPH solution was
covered with aluminium foil to protect from the light and stored in the refrigerator. For the actual
measurement a 1 in 5 dilution of the DPPH stock was made using 10 ml of stock and making up to the
50 ml with methanol. Trolox (1-10 pg ml™) dissolved in methanol in appropriate dilution was used to
make the standard curve. This experiment was carried out in three replicates for both samples and
standard. In each replicate 500 ul from the appropriately diluted sample extract was added with 500 pl
DPPH solutions. Experiments were carried out to determine the exact dilutions required. In the
control, 500 pl of methanol was added in place of sample extract with an equal volume of DPPH
solution. As a blank, 500 pl sample extract was mixed with 500 pl methanol. The absorbance was
measured at 515 nm by spectrophotometer (Shimadzu UV-1700, Shimadzu Corporation, Kyoto,
Japan). The radical scavenging activity was expressed in terms of mg Trolox equivalent per gram of

dry weight (Trolox mg g’ DW).

Statistical analysis

Statistical analysis was carried out using SAS 9.1 (Cary, NC). Total phenolic, total flavonoid, FRAP
and DPPH data were analysed using an ANOVA mixed model containing a contrast code to compare
the fully organic (OS+OP) and fully conventional (CS+CP) treatments as well the individual
treatments and interactions. Pearson correlation coefficients were calculated between total phenolics,

flavonoids and antioxidant activity using in SAS 9.1 software.

RESULTS AND DISCUSSION
Total phenolic and total flavonoid content
The present study investigated the free phenolics of onion as they constitute approximately 90% of the

total onion polyphenols.** Levels of total free phenolics (TPC) in year 2010 were considerably higher
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in ‘Red Baron’ with values ranging from 6.36+0.02 GAE mg g' DW to 7.75+0.1 GAE mg g"' DW
than ‘Hyskin’ which had TPC values in the range of 5.49 +0.10 GAE mg g DW to 7.21+0.01 GAE
mg g’ DW (Table 2). ‘Red Baron’ consistently maintained higher levels of TPC across treatments
and years ending in 2013. The levels of total phenolics and flavonoids reported here are in agreement
with levels found in onion varieties in other studies.’>** The finding of consistently higher levels of
polyphenols in ‘Red Baron’ is therefore of relevance from a health perspective. ‘Red Baron’ is a deep
red coloured onion while ‘Hyskin’ is a brown skinned, white fleshed onion. Thus, it is expected that
‘Red Baron” would contain higher levels of anthocyanins (phenolic compounds) than its counterpart
‘Hyskin’. This has been reflected in the higher levels of total flavonoid content (TFC) values in ‘Red
Baron’ than ‘Hyskin’ (Table 3). Although ‘Red Baron’ had higher TPC values than ‘Hyskin’ across
the four year periods, the TPC data among the years in both the varieties were inconsistent. Data
indicated that in year 2010, a poor year for crop growth, total phenolic contents of ‘Red Baron’ across
in treatments and OS+CP treatment ‘Hyskin’ were higher than those of year 2011. We ascribe this
result to increased stress (low temperature and more humidity) which might have caused a generalised
increase in total phenolic content through up-regulation of the phenylalanine ammonia lyase (PAL),
the key entry point enzyme for synthesis of phenolic compounds. This enzyme is well known to be
up-regulated by stresses including UV light, low temperature, nutrient deficiency, wounding and pest
or pathogen on attack.”’” Following the year in 2011, the TPC values of both the varieties had
increased significantly in year 2012 and 2013, with the highest values in the year 2012. This could be
attributed to increased production of phenolics in response to stress caused by heavy rainfall and
associated water logging of soils (Table 4) in year 2012. These data showed the complexity of
regulation of levels of bioactive compounds in crop plants which may be affected by genotype, and
also respond differently to the plant’s environment.

Mixed model ANOVA showed that total phenolics content in general was significantly (p<0.05)
higher in samples grown under fully organic treatment (organic soil and organic pest-control; OS+OP)
compared to samples grown under completely conventional treatment (CS+CP) except in 2010. This
was expected as the organically grown onions were probably more exposed to pest stress than the

conventionally grown ones. However, the responses of the onions in year 2010 were different due to
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poor environmental conditions of the year. The environmental stress might have outweighed the pest
stress giving irregular patterns in their phenolic contents in year 2010. As shown in Tables 2 and 3
significant interactions among varieties (V), soil (S) and pesticide (P) types (VxP, VxS, SxP and
VxSxP) were observed but were not consistent across years. In contrast significant main effects for
variety and soil treatment were observed in all years, with significant pest-control treatment effects
observed in most years. These data indicate that variety and soil treatment have a major influence on
total phenolic and flavonoid content in onion, with the increased levels found in the red variety ‘Red
Baron’ and when onions are grown under the organic soil (OS) treatment. In our study, equivalent
rates of nitrogen (N) was applied to both CS and OS treatments in order to minimise any nutrient
stress effects in the OS treatment. However, it is important to note that mineral feriliser is more
immediately available to the crop, as organic fertilzer requires breakdown by soil processes and
therefore may show slower availability. The actual difference perceived by the crop between the CS
and OS treatments include differences in plant available N, Pand K; differences in the soil
microbiome as well as other unknown differences that may be present. A number of other studies
have shown total flavonoids decreased with increasing N application. For example Stewart et al.”®
found decreasing concentration of flavonoids when increasing N levels were applied in Arabidopsis.
Groenbak et al.* also found a decrease in flavonoids with increased N for kale. Sander and
Heitefuss* also reported that increasing mineral N fertilization resulted in reduced concentrations of
phenolic compounds in wheat leaves. There is increasing evidence that differences in fertilization
regimens between organic and conventional production systems are associated with significantly
higher phenolic concentrations in organic crops,*' however it is not clear if this is simply a nutrient
stess effect or if other factors including effect of the soil microbiome or other factors are involved. In
onion an extensive previous study found that fertiliser type (mineral vs organic) and placement of
fertilizer in onion had little effect on quercetin production.””** A number of previous studies have
indicated a significant genotype effect on total phenolic content and total flavonoids content profile in
onion.”” * The two onion varieties in this study showed a different quantitative behaviour with
regards to total phenolics and total flavonoids content under the same meteorological conditions. The

content of these secondary metabolites are highly variable, not only depending on the meteorological
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conditions and production, but also the cultivar and post-harvest practices. Hallmann and
Rembiatkowska'* demonstrated that red onion grown organically contained more flavonoids
compared with conventional samples. Ren et al.*® reported that organically grown Welsh onion had
higher levels of flavonols and antioxidant activity than conventional farmed ones. Faller and Fihlho"’
reported organic onion pulp had a higher antioxidant capacity than onions produced using
conventional practices. Some research studies have also showed a slight yet significantly higher
content of polyphenols in organic vegetables.* Organic black currants and tomatoes contained
significantly more compounds with antioxidant properties in comparison with currants grown under
conventional system.*” ** Hypotheses for higher content of these compounds in organic products
include the Growth-Differentiation Balance Hypothesis (GDBH), the Carbon Nutrient Balance
Hypothesis (CNBH) which imply that organically grown plants will produce more bioactive
compounds, including polyphenolics, than plants grown conventionally,”” ** and the Cost-Benefit
Hypothesis (CBH) and the Resource Availability Hypothesis (RAH) also designated by Growth Rate
Hypothesis (GRH).**>* Where growth is limited by deficiencies in carbon (C) or nitrogen (N) while
rates of photosynthesis remain unchanged, the subsequent reduced growth results in the more
abundant resource being invested in increased defense. Most support for these hypotheses comes from
work with phenolics. > Recently a new quality concept for organic produce - the inner quality
concept (IQC) — based on the balance between plant growth and differentiation has been discussed in
the literature. The hypothesis of the IQC is that where growth and differentiation are optimally
balanced or “integrated”, integration results in higher crop quality including nutrient and bioactive
content.”®

Brandt and Melgaard®’ had initially proposed that it was natural for plants cultivated organically to
contain more polyphenolics and other secondary metabolites as defensive compounds. However, the
opposite tendencies of higher contents of polyphenols in conventional products have also been
observed.”® Soltoft et al.” also found no significant differences between conventionally and
organically grown onions in the content of flavonoids.

The red onion ‘Red Baron’ did accumulate lower amounts of flavonoids in 2010, the year with the

lowest temperature. Temperature is one of the most important factors affecting flavonoid
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accumulation in plants. Low temperature results in reduction of photosynthesis, which reduces the
soluble sugar content of tissues and leads to a repression of genes that encode enzymes of the
flavonoids biosynthetic pathway and to a reduction in substrates for flavonoid biosynthesis.** Our
results show that variety, soil management and meteorological factors have a marked influence on the
content of flavonoids in onions. Total flavonoids varied significantly among seasons, with higher
levels in 2011, which was warmer and drier than in 2010, 2012 and 2013 (Table 3). We hypothesise
that since in 2011 environmental conditions were more favourable (higher average temperature, less
rainfall days and less humidity), PAL was not up-regulated, a greater proportion of phenolic synthesis
would have shunted towards flavonoid synthesis. The higher levels of total flavonoids in 2012 and
2013 could be the result of higher temperature levels and lower humidity. Variability in total phenolic
and total flavonoids content data is normally considered to be due to the crops response to different
climatic conditions. Differences in onion total phenolic and total flavonoids content due to
environmental conditions in particular temperature and humidity have been reported in other studies.®’
In the four seasons reported here, humidity and daily indicator for occurrence of rain or drizzle (total
days), were similar in both years, but rainfall levels were higher in year 2010 and 2012 relative to year
2011 and 2013. The higher levels of flavonoids observed in 2011 are probably related to the lower
rainfall and humidity during the growing season as onion plants are exposed to sunlight longer that
may have triggered the increased production of flavonoids. Vegetables grown in full sun have been
reported to contain higher levels of flavonoids and exposure to sunlight is known to enhance
production of flavonols in onion.®’ These meteorological conditions can enhance secondary
metabolism, favouring the synthesis of flavonoids. In contrast, in the years with the lowest soil and air
temperatures, higher relative humidity and higher soil water availability (2010), onions accumulated
less flavonoids.

Table 4 shows the climatic conditions for both years, with 2011 being on average slightly warmer and
less humid with total monthly precipitation amount (mm) in rainfall (351.3) over 8 month in growing
season. Responses to environmental effects seem to be variable depending on varieties. ‘Red Baron’
showed differences in total phenolic content in 2012 and 2013, while ‘Hyskin’ showed little

difference between 2012 and 2013. In other crops studies in controlled growing environments have
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found that heat stress increase the total flavonoids content, with diverse results reported for low
temperatures.*> Drought stress seems to increase the total flavonoid content.”® Accumulation of
phenolics and higher activity of their biosynthetic enzymes in response to drought stress have also
been reported in other plants. Chaves et al.** demonstrated that drought and high temperatures are
correlated with the increase of the more methylated flavonoids. In water-stressed plants, there is a
general increase in the levels of phenolic compounds.”® Wang and Zheng® found a strong correlation

between temperature and production of phenolic in strawberry fruits.

Antioxidant activity

As shown in Tables 5 and 6, FRAP and DPPH scavenging activities were generally significantly
higher under fully organic cultivation (OS+OP) than fully conventional cultivation (CS+CP) except
for DPPH in 2010. Significant interactions (VxP, VxS, SxP and VxSxP) were observed but were not
consistent across years. In contrast significant main effects for variety (V) and soil treatment (S) were
observed in all years, with significant pest control treatment (P) observed in most years. We therefore
postulate that in addition to variety, soil treatment has a strong influence on antioxidant activity in
onions.

Prior et al.?” reported that flavonoid compounds play an important role in the antioxidant capacity as
compared to other phenolics compounds. However, due to the complex nature of phytochemicals the
total antioxidant activities of vegetables cannot be evaluated by a single method.®® Thus, it has been
recommended that two or more methods should always be employed to evaluate the total antioxidant
activity of vegetables.”” Accordingly we have employed two methods to measure the antioxidant
activity: the FRAP and DPPH assays. There was a positive correlation between antioxidant activity
and values of total phenolics and total flavonoids in onion samples. The antioxidant activity values as
measured by DPPH assay were always less than those obtained from FRAP. Similar findings were
observed in previous studies.”” "' According to Wang et al.”? the content of a single specific
antioxidant compound is important, but it is better to analyse the total antioxidant activity for the
overall health potential. Wang et al.,”* indicated that the antioxidant activity is strongly affected by the

cultivars within a species, but it can also be affected by the cultivation condition of the plant for
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example, environmental and cultivation techniques. Individual parameters are very important for
further understanding and establishing the relationships among antioxidant activity, total phenolics
and flavonoids. Therefore, the coefficient of correlation was also calculated. The positive correlation
between phenolic contents, flavonoids content and antioxidant activity suggests that plant phenolics
are primarily responsible for the antioxidant activity in onion. This is similar to previous results
obtained by Santas et al.,”” which showed a relatively strong positive correlation r* =0.78 between
FRAP and total phenolics for two cultivated onions varieties. Similarly, Nencini et al.”* reported r*
=0.46 between FRAP and total phenolic content, determined across several Allium species. Table 7
shows correlation analysis for total phenolics, total flavonoids, FRAP and DPPH indicating that

antioxidant activity correlated well with total phenolics and flavonoids.

CONCLUSIONS

Although there are several studies analysing fruits and vegetables produced under organic and
conventional production systems, relatively few robustly designed field trial studies have compared
phenolic content and antioxidant content in onion crops grown under conventional, organic and mixed
systems. This study measured levels of total phenolics, total flavonoids and antioxidant activity in
onions grown over four years using either conventional (CS+CP), organic (OS+OP) or mixed
(OS+CP, CS+OP) treatments. Our data indicated that total phenolic and flavonoid content in onion
was generally higher in red onion ‘Red Baron’ and was significantly higher in organic (OS+OP)
compared to conventional (CS+CP) production in both varieties in most years. Significant year to year
variation was also observed which we attribute to altered regulation of phenolic synthesis in different

years due to meteorological conditions.
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Table 1 Specific pest-control and soil treatment inputs used in the Teagasc Kinsealy Systems
Comparison trial for onion cultivation 2010-13

PEST-CONTROL
TREATMENT

Organic Pest-control (OP)

Mechanical weeding (hand hoeing).
*Serenade’ (10 L ha™")

Conventional Pest-control (CP)

*Proplant’ (10ml m* modular drench), Roundup’
(4Lha™), Stomp' (3.3L ha™), CICP' (4.2L ha™),
Defy' (3.3L ha™), *Totril' ( 1.8L ha'), Stratos Ultra'
(4 L ha™), Penncozeb’ (4.4 kg ha™).

Folio Gold ? (2L ha™"), Amistar® (1L ha™).

SOIL
TREATMENT

Organic Soil (OS)

Previous crop — broccoli

Fertilizer (adjusted to) N 70 kg ha™
P20 kg ha™!
K 215 kg ha™

Applied as Greenvale plant food (4.5:3:3) (pelleted
chicken manure + calcified seaweed) and ProKali
(3:0:14). A top dress equivalent to 35kg ha™ N, and
contributing 25 kg ha™ P and 24kg ha™ K was
applied in June or July.

Conventional Soil (CS)

Previous crop — broccoli / carrot / lettuce

Fertilizer (adjusted to) - N 70 kg ha™
P20 kg ha™
K 215 kg ha

Applied as CAN (27% N), single superphosphate
(7.8%P) and sulphate of potash (42% K). A top dress
equivalent to 35 kg ha' N, 25kg ha” Pand 24 kg
ha™! K was applied in June or July.

Accepted Article

! Herbicide, ? Fungicide. * Fungicide (certified organic). * Not applied in all years. Treatment codes: OP=
organic pest-control, CP= conventional pest-control, OS=organic soil treatment, CS=conventional soil treatment
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Table 2 Onion total phenolic content under different management practices between 2010 and 2013

2010 2011 2012 2013
Treatment GAE mg g' DW GAE mg g' DW GAE mg g' DW GAE mg g' DW
V1+OS+OP 5.4940.10 6.31+0.29 7.5240.01 6.9610.03
V1+OS+CP 7.21£0.01 6.42+0.07 7.1340.02 7.09+0.01
V1+CS+OP 5.7940.03 6.0040.133 7.34£0.02 6.4810.21
V1+CS+CP 5.6410.07 5.29+0.18 7.2110.03 6.3740.27
V2+0S+OP 6.711+0.14 6.55+0.28 8.42+0.23 9.744+0.23
V2+OS+CP 7.751+0.01 6.49+0.24 8.34+0.02 9.55+0.05
V2+CS+OP 6.36+0.02 6.26+0.21 8.1640.02 9.1510.11
V2+CS+CP 7.084+0.03 5.8240.11 7.6540.03 9.33+0.05
Statistical
significance
ANOVA P value
Rep 0.0372 0.0794 0.1465 0.9677
Variety <0.0001 <0.0001 0.0005 0.0005
Soil <0.0001 <0.0001 0.0006 0.0002
Pest 0.0001 0.1638 0.0104 0.9979
Variety*soil 0.0582 0.2541 0.0026 0.3487
Variety*pest 0.1123 0.8219 0.7943 0.9750
Soil*pest <0.0001 0.0084 0.4691 0.7659
Variety*soil*pest <0.0001 0.2873 0.0125 0.1645
Fully conventional vs. | <0.0001 <0.0001 <0.0001 0.0077
fully organic

Data shown are mean and st
individual years is shown separately.
reatment codes: V1= ‘Hyskin’, V2= ‘Red Baron’ OS=organic soil treatment, CS= conventional soil treatment,

OP=organic pest-control, CP=conventional pest-control
ANOVA P values in bold type are significant at p<0.05

Total phenolic content in 2 varieties of onion grown under different management practices.
andard error of the mean (n=4). Since the difference between years was significant data for

Table 3 Onion total flavonoid content under different management practices between 2010 and 2013

2010 2011 2012 2013
Treatment QE mg g’ DW QE mg g"' DW QE mg g"' DW QE mg g"' DW
V1+0S+OP 2.740.03 3.6840.08 4.1940.03 3.7040.4
V1+0S+CP 2.840.07 3.5940.07 3.9240.12 4.1540.15
V1+CS+OP 2.4240.03 3.2740.07 4.06+0.039 3.0740.15
V1+CS+CP 2.70+0.06 3.0240.04 3.7940.036 3.3040.077
V2+0S+OP 2.8340.06 4.70+0.14 4.5440.058 4.4840.4
V2+0S+CP 3.1740.3 4.6540.12 4.26+0.08 4.2440.06
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V2+CS+OP 2.6510.1 4.601+0.02 4.2440.11 4.00+0.17
V2+CS+CP 2.9740.5 4.6410.033 3.89+0.12 4.1610.03
Statistical significance

ANOVA P value

Rep 0.4437 0.4830 0.0652 0.1858
Variety 0.0021 0.0005 <0.0001 0.0001
Soil <0.0001 0.0001 <0.0001 <0.0001
Pest 0.0061 0.0159 0.0001 0.0788
Variety*soil 0.9666 0.0008 <0.0001 0.0015
Variety*pest 0.0110 0.1406 0.0940 0.0055
Soil*pest 0.1451 0.7251 0.1235 0.4751
Variety*soil*pest 0.0714 0.2615 0.1852 0.0177
Fully conventional vs. | 0.1315 <0.0001 <0.0001 0.0005
fully organic

Total flavonoid content in 2 varieties of onion grown under different management practices.
Data shown are mean and standard error of the mean (n=4). Since the difference between years was significant data for

individual years is shown separately.

Treatment codes: V1= ‘Hyskin’, V2= ‘Red Baron’ OS=organic soil treatment, CS= conventional soil treatment,
OP=organic pest-control, CP=conventional pest-control
ANOVA P values in bold type are significant at p<0.05

pted

=Indicator for occurrence of snow or ice Pellets. H = Mean humidity (%)

Table 4 Climate conditions during onion crop production in growing season from March to
September between 2010 and 2013. T = Mean temperature (°C), TM = Mean maximum temperature
(°C), Tm = Mean minimum temperature (°C), PP = Total monthly precipitation amount (mm), V =
Mean wind speed (Km h™"), RA = Daily indicator for occurrence of rain or drizzle (total days), SN

Year T ™ Tm PP \Y RA/SN H

2010 10.0 12.4 4.1 465.5 17.4 153 81.9
2011 11.7 13.8 6.0 351.3 20.7 163 76.2
2012 11.2 12.9 5.7 560.0 19.9 156 76.9
2013 11.2 13.1 5.7 438.7 20.3 165 78.0

Table 5 Total antioxidant capacity (FRAP assays) under different management practices between

2010 and 2013
2010 2011 2012 2013
Treatment Trolox mg g DW Trolox mg g DW Trolox mg g DW Trolox mg g DW
V1+0S+OP 7.701+0.04 8.55+0.47 10.96+0.18 11.0140.05
V1+0S+CP 9.3240.09 9.12+0.15 10.40+0.06 11.8610.07
V1+CS+OP 7.6340.02 8.20+0.07 10.69+0.04 11.0610.06
V1+CS+CP 9.18£0.06 7.40+0.26 10.4540.03 10.8610.02
V2+0S+0OP 8.09£0.03 9.81+0.38 11.6140.22 12.11£0.15
V2+0S+CP 10.36+0.05 10.15+0.2 10.9240.02 11.9610.01
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V2+CS+OP 8.04£0.08 8.51+0.51 10.7940.02 10.98+0.07
V2+CS+CP 10.0040.06 8.22+0.19 10.60+0.03 11.6210.16
Statistical

significance

ANOVA P value

Rep 0.6652 0.6763 0.5858 0.6688
Variety <0.0001 0.0180 0.0004 <0.0001
Soil 0.0476 <0.0001 0.0150 0.0014

Pest <0.0001 0.8870 0.0145 0.0349
Variety*soil 0.2931 0.1872 0.0093 0.0520
Variety*pest <0.0001 0.7392 0.8313 0.5457
Soil*pest 0.0628 0.0331 0.0180 0.2996
Variety*soil*pest | 0.2330 0.3971 0.5745 <0.0001
Fully <0.0001 <0.0001 <0.0001 0.0043
conventional vs.

fully organic

Antioxidant activity (FRAP) in 2 varieties of onion grown under different management practices.

Data shown are mean standard error of the mean (n=4). Since the difference between years was significant data for
individual years is shown separately.

Treatment codes: V1= ‘Hyskin’, V2= ‘Red Baron’ OS=organic soil treatment, CS= conventional soil treatment,
OP=organic pest-control, CP=conventional pest-control
ANOVA P values in bold type are significant at p<0.05

Table 6 Total antioxidant capacity (DPPH assays) under different management practices between

2010 and 2013
2010 2011 2012 2013

Treatment Trolox mg g”' DW Trolox mg g”' DW Trolox mg ¢' DW | Trolox mg g’ DW
V1+OS+OP 2.87£0.08 3.06+0.09 4.9740.04 4.11+0.10

1+OS+CP 3.7840.03 2.85+0.13 3.9610.05 4.831+0.11

1+CS+OP 2.80+0.09 2.83+0.03 4.33+0.19 3.5240.11
V1+CS+CP 3.05+0.09 2.5440.12 3.9310.08 3.55+0.11
V2+0OS+OP 3.39£0.05 3.78+0.13 5.01£0.06 5.13+0.12
V2+0OS+CP 4.03+0.05 2.97+0.16 4.5240.01 5.1940.09
V2+CS+OP 3.10+0.04 2.95+0.05 4.431+0.01 4.531+0.07
V2+CS+CP 3.0340.03 2.90+0.02 2.734+0.16 5.11+0.10
Statistical significance
ANOVA P value
Rep 0.9781 0.8512 0.9912 0.4616
Variety 0.0089 0.0415 0.2407 0.0032
Soil <0.0001 <0.0001 <0.0001 <0.0001
Pest 0.0036 0.0253 0.0013 0.0044
Variety*soil 0.0195 0.1998 <0.0001 <0.001
Variety*pest 0.0064 0.2066 0.0146 0.5960
Soil*pest <0.0001 0.0243 0.0537 0.4602
Variety*soil*pest 0.8102 0.00071 <0.0001 <0.0001
Fully conventional vs. | 0.1859 <0.0001 <0.0001 0.0009
fully organic
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Antioxidant activity (DPPH) in 2 varieties of onion grown under different management practices.

Data shown are mean standard error of the mean (n=4). Since the difference between years was significant data for
individual years is shown separately.

Treatment codes: V1= ‘Hyskin’, V2= ‘Redbaron’ OS=organic soil treatment, CS= conventional soil treatment,
OP=organic pest-control, CP=conventional pest-control

ANOVA P values in bold type are significant at p<0.05
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< ’ Table 7 Correlation analysis for total phenolics, total flavonoids, FRAP and DPPH with ‘Red Baron’
and ‘Hyskin’
¢ ' I 2010 Red Baron Total flavonoids DPPH FRAP
H Total phenolics 0.9815 0.6044 0.8259
Total flavonoids | ------- 0.5183 0.8338
H pppPH e 0.2161
2011 Red Baron Total flavonoids DPPH FRAP
Total phenolics 0.5841 0.3578 0.8195
Total flavonoids |  ------- 0.7272 0.6846
pppPH ] e 0.2305
2012 Red Baron Total flavonoids DPPH FRAP
Total phenolics 0.8822 0.9657 0.7645
Total flavonoids |  ------- 0.9263 0.8356
pppPH | e 0.5961
2013 Red Baron Total flavonoids DPPH FRAP
Total phenolics 0.9495 0.6058 0.9313
O Total flavonoids |  ------- 0.5224 0.8421
1) Yy : Y 0.8356
| ' 2010 Hyskin Total flavonoids DPPH FRAP
Total phenolics 0.2874 0.9144 0.3786
Total flavonoids | ------- 0.5617 0.5256
Q 1) Yy : Y 0.5949
2011 Hyskin Total flavonoids DPPH FRAP
Total phenolics 0.9502 0.8790 0.7812
@ Total flavonoids | ------- 0.9078 0.8887
DpPH | e 0.6541
2012 Hyskin Total flavonoids DPPH FRAP
Total phenolics 0.6510 0.8348 0.9430
Total flavonoids |  ------- 0.8305 0.8437
< ’ DpPPH | e 0.9564
2013Hyskin Total flavonoids DPPH FRAP
Total phenolics 0.8302 0.8441 0.515
Total flavonoids |  ---—--- 0.9545 0.6347
pppPH e 0.8078




