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officinale R Br.) ‘Boldrewood’ in commercial trials reveals
a consistent increase in chemopreventive properties

in a longer-grown crop
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Abstract We describe ‘Boldrewood’, a new acces-
sion of watercress (Nasturtium officinale R. Br.) that
was initially found to be of short stature with high
antioxidant capacity (Payne et al. 2015). This was
of particular commercial interest because it offered
the potential to develop a novel watercress product
with fork-friendly size and improved health-benefits.
In two commercial trials comparing Boldrewood to
a control, we confirmed that Boldrewood exhibits
a dwarf phenotype with a significantly shorter stem
and consistently produced more leaves per stem area
alongside comparable crop biomass. The antioxidant
and chemopreventive capacity of Boldrewood were
comparable to the commercial crop. For the first time,
we observed a novel increase in glucosinolate concen-
trations and cytotoxicity to cancer cells, characterised
as decreased ICs, (half-maximal concentration of an
inhibitor), associated with increased crop age at har-
vest. This suggests that a slower-growing and longer
to harvest crop provides a significant improvement
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in health benefits gained in this leafy crop which is
already known to be highly nutrient dense and with
considerable chemopreventive ability.
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Introduction

Watercress (Nasturtium officinale R. Br.) has a long
history of medicinal and food crop use by humans,
detailed by Manton (1935). It is produced on a large
scale as a leafy green for salads and soups across
the globe although exact market data is hard to find.
In the U.K., watercress cultivation is inescapably
linked with the chalk streams of the southern coun-
ties, particularly those of Hampshire, Dorset, Devon
and Wiltshire. Typically, seedlings are produced in
glasshouses or polytunnels and then transferred to
purpose-built gravel beds (Natural England, 2009;
Kaner-White 2021). The crop is flood-irrigated for
several weeks until it reaches the desirable size, at
which point it is mechanically harvested and sent to
market, most commonly as part of pre-washed and
bagged salad products (Palaniswamy and McAvoy
2001).

Watercress is a member of the Brassicaceae plant
family, which includes a large range of economically-
important edible plants, such as broccoli, cabbage,
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and mustard; oilseed rape, one of the largest oil crops;
and the prominent research model species, Arabidop-
sis thaliana (L.) Heynh. Many of these Brassicaceae
plants have significant markets or applications driving
the development of extensive resources to facilitate
the production of new and improved cultivars. For
example, Beneforté® broccoli was recently developed
and released to market as a more nutrient-dense cul-
tivar, with culinary trials to support customer health
(Traka et al. 2013; Costa-Pérez, et al. 2023). How-
ever, this is not the case with watercress, which in the
UK holds a modest 5% of the total salads market (per-
sonal communication, Dr. Steve Rothwell). To date,
limited resources exist to enable crop improvement in
response to consumer demands or increased produc-
tion pressures (Solankey et al. 2021).

Overall, efforts in crop breeding are driven by
a variety of targets, such as increasing yield—for
example, the development of modern high-yielding
bread wheat cultivars (Slafer, 1994)—or introducing
cosmetic improvement to a crop to increase sales, as
with the standardization of the orange colour in car-
rots (Simon 2010). The University of Southampton
watercress breeding program aims to improve the
current watercress cultivar and discover new cultivars
that might be successful in the market. Guided by
the grower input, the focus has been set on three par-
ticular breeding targets: 1) above-ground morphol-
ogy, 2) consumer health benefit, and 3) resource-use
efficiency (Hibbert and Taylor 2022; Hibbert et al.
2023). Here we are concerned with targets 1) and
2)—developing a novel watercress crop of improved
morphology and health benefits. The first is focused
on the development a leafier product with a shorter
stem, more suited to bagged salads as opposed to the
traditional product of bunched watercress. The second
breeding target is to capture, preserve and potentially
enhance the high phytonutrient profile in the commer-
cial cultivar. Watercress is known to carry a consider-
able health benefit for the human consumer and was
recently ranked as the most powerful fruit or vegeta-
ble to consume for health (Di Noia 2014). Research
has shown the crop to be linked with detoxification of
carcinogens (Hecht et al. 1995); reduction of cancer
risk (Gill et al. 2007); decreased damage by reactive
oxygen species during strenuous exercise (Fogarty
et al. 2013); and reduced inflammation (Sadeghi et al.

@ Springer

2013). In this report, we will focus on two key aspects
of the phytonutrient profile of watercress: antioxidant
(AO) capacity and the anti-cancer properties, quanti-
fied as glucosinolate (GLS) content and the cytotoxic-
ity of the plants to cancer cells (ICs;—the concentra-
tion required to kill 50% of cells present in culture).

The AO profile of watercress is thought to be
composed primarily of phenolic compounds, carot-
enoids and ascorbic acid (commonly Vitamin C),
and several studies have looked at the concentrations
and composition of the crop for these compounds in
watercress (Martinez-Sanchez et al. 2008; Payne et al.
2013; Santos et al. 2014; Qian et al. 2023). In a recent
publication comparing AO capacity of a number of
Brassicaceae leafy crops, watercress contained the
highest concentrations in both AO and ascorbic acid
content, highlighting the important role this crop can
play in delivering human nutrition (Martinez-Sdnchez
et al. 2008). GLS are thought to be particularly ben-
eficial to humans (Manchali et al. 2012; Traka and
Mithen 2008) and are produced in response to inver-
tebrate predation on watercress (Newman et al. 1992).
Upon tissue damage to the plant, glucosinolates are
hydrolysed by the enzyme myrosinase and one of the
products of this reaction are isothiocyanates (Bones
and Iversen 1985; Bones and Rossiter 1996). In
watercress, primarily gluconasturtiin is converted to
phenethyl isothiocyanate (PEITC) and the quality of
watercress nutritional profile can be enhanced by a
controlled environment using a hydroponic system
(Newman et al. 1992; Qian et al. 2022). PEITC is not
only considered to have potent cancer-fighting prop-
erties (Manchali et al. 2012; Traka and Mithen 2008),
but is also responsible for the highly-marketable pep-
pery flavour of this leafy salad.

Despite the outstanding promise of modern agro-
biotechnology, such as Next Generation Sequencing
and genome editing, pre-existing genetic diversity in
the natural world remains central for crop improve-
ment and is the single largest, and arguably the most
straightforward, resource to draw from in crop breeding
(Dwivedi et al. 2013). A germplasm collection, con-
taining known variants and wild relatives or progeni-
tors of a crop, holds the potential not only to discover
pre-existing variants, but also the genetic information to
begin understanding a crop and building the resources
necessary to establish a breeding program. Therefore,
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for understudied watercress the establishment of a
germplasm collection, beginning in 2009, by the Tay-
lor Lab group was a major stepping stone (Payne et al.
2015). The collection contains approximately 50 acces-
sions of seed and clonal material, collected globally by
individuals from watercress growers and donated by
Warwick HRI. The collection was assessed for varia-
tion in above-ground morphology and tissue AO capac-
ity and showed promising variation across the 48 acces-
sions (Payne et al. 2015). It has been utilized further to
sequence the transcriptome of watercress and perform
differential expression analysis for AO capacity and
GLS content (Voutsina et al. 2016).

A particular accession, named ‘Boldrewood’,
exhibited the top-ranking AO capacity of the collec-
tion (Payne 2011) leading to its selection for further
comparisons. Boldrewood has also repeatedly pro-
duced a dwarf phenotype. The gluconasturtiin and
PEITC content in Boldrewood were examined and
although the concentration of gluconasturtiin was
lower than that of the commercial cultivar, the con-
centration of PEITC was similar, leading the research-
ers to suggest a more efficient conversion in the Bol-
drewood material (Payne 2011). Payne et al. (2015)
examined differences in gene expression between the
two accessions and concluded that the Boldrewood
watercress showed a reduction in gene expression of
biochemical pathways critical to plant growth, spe-
cifically brassinosteroids and phenylpropanoid/lignin
synthesis, which could explain its dwarf phenotype.
In addition, Payne et al. (2015) noted an increase in
expression of genes associated with plant defences,
such as GLS and ascorbic acid biosynthesis, which
could contribute to the consistent high phytonutrient
profile identified.

The potential of this accession to address two of
the breeding targets of the program have led to com-
mercialization trials to test practical aspects of its
cultivation and marketing and to confirm this pheno-
type in a commercial field setting, because the work
detailed above was conducted in controlled labora-
tory conditions lacking natural variation or stressors
encountered by a commercial crop. Thus, the aim
of this research was to compare the performance for
marketable traits of the Boldrewood accession to the
current cultivar under commercial conditions.

Materials and Methods

The ‘Boldrewood’ accession was compared to an
active commercial U.K. cultivar, referred to as ‘Con-
trol’ hereafter, across two consecutive summer grow-
ing seasons on commercial farms in Dorset, UK. In
both trials, the seed used had been fixed through sev-
eral generations of selfing and the seedlings were pro-
duced through the standard commercial procedures,
thus a consistent material quality can be assumed that
is comparable to the usual commercial production for
this particular grower. In addition, both trials were
grown to organic farming specifications for the com-
mercial production of organic watercress.

Trial 1—a commercial trial in 2015

Boldrewood was commercially tested during the
U.K. growing season in 2015 on a commercial water-
cress farm located in Dorset, UK. (50°44'24.7"N,
2°12'40.5"W). In late June, the following material
was harvested from watercress beds that were close in
proximity: 1) a Boldrewood at 28 d post-planting, 2)
a Control at 28 d post-planting (ready-to-harvest), and
3) a second Boldrewood at 42 d post-planting. The
final group represents the size at which the commer-
cial grower classified the Boldrewood plants as ‘ready
to harvest’ and was, thus, comparable to the ‘ready to
harvest” Control crop at 28 d.

Five 30 cm by 30 cm quadrats were randomly sam-
pled and photographed for Boldrewood and Control
crops. Five stems were randomly taken from each
quadrat, cut from the base, and measured immedi-
ately for stem length, stem diameter (in the middle of
the stem), and number of leaves. Leaf number index
was calculated as the ratio of leaves to stem. Within
each quadrat replicates were averaged to produce a
quadrat mean value for further analysis. As an assess-
ment of yield, the entire biomass in each quadrat
was collected, dried at 80° C to constant weight, and
weighed.

Five foil pouches were filled with tissue, randomly
from across the bed, and snap-frozen for the evalua-
tion of AO capacity and GLS concentration. Tissue
AO capacity was assessed using a modified ferric
reducing ability of plasma (FRAP) assay (Benzie and
Strain 1996; Payne et al. 2013) on plant sap extracted
from snap-frozen samples and spun at 13,000 rpm
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through a QIAshredder tube (Payne et al. 2013).
Quantitative GLS analysis was carried out on lyophi-
lized and finely ground tissue as follows: Approxi-
mately 0.02 g of lyophilized material was rehydrated
in 1ml solution of 75% methanol and 0.1% formic
acid, then briefly vortexed, sonicated for 15 min and
mixed for 10 min on a shaker. Samples were then
centrifuged (21,000 g, 5 min) and the supernatant
transferred to High Performance Liquid Chromatog-
raphy (HPLC) vials. Samples were placed in a ran-
dom order and then sequentially injected (5 pl) onto a
Phenomenex Luna 3 m C18 (2) 1502 mm column.
Solvents were 0.1% formic acid in water (A) and
0.1% formic acid in acetonitrile (B), flow rate was
190 pl/min and the gradient was O min, 5% B; 45 min,
5% B; 47 min, 75% B; 52 min, 75% B; 54min, 5%
B; 60min, 5% B. GLS were identified by parent and
fragment mass spectra and in the case of gluconastur-
tiin and glucobrassicin by coelution with commercial
standards. GLS concentration was estimated using the
peak area of the parent ion in the mass spectrometer
compared to a standard curve of the same compound
(for 4-Me glucobrassicin the standard curve of gluco-
brassicin was used to estimate concentration).

As the aim was to compare the groups for perfor-
mance in particular marketable traits, a single-factor
Analysis of Variance (ANOVA) was used to test
group differences (a <0.05), with ‘accession’ treated
as a fixed factor. All data were examined for normal-
ity and homogeneity of variance. Where ANOVA
assumptions were not met, specifically for the glu-
cobrassicin and gluconasturtiin concentrations, a
Welch’s Test and a pairwise comparison were used
instead. Further comparisons were made using a Tuk-
eys’s HSD test. Statistical analysis and graphs were
completed in R, version 3.2.2 (R Development Core
Team 2013).

Trial 2—a commercial trial in 2016

Trial 2 was undertaken at a commercial watercress
farm in Dorset U.K (50°48'46.8"N, 2°08'47.9"W). A
watercress bed was cleared and dressed, according to
standard commercial practice for organic watercress.
Both Control and Boldrewood accessions were ger-
minated and transplanted to the bed as week-old seed-
lings. A randomized plot design was used contain-
ing ten 4 mXx4 m plots of each accession and equal
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volumes of seedlings were transplanted to each plot
by hand.

After 21 d of growth the farm manager deemed the
Control accession was “ready to harvest” and the fol-
lowing measurements were taken: stem length, stem
diameter, and number of leaves, dry weight (of a 30
cm X 30 cm quadrat), and tissue was snap-frozen in
liquid nitrogen for AO and cancer cell cytotoxicity
assays. The morphological measurements were taken
in the same way as in Trial 1: 5 replicate plant stems
were harvested from within plots, staying at least 50
cm within the plot boundary to avoid edge effects,
and the mean was used for statistical comparisons.
AO capacity was measured as in Trial 1. Addition-
ally, the toxicity of the watercress sap to cancer cells
was assessed by carrying out MTS cell proliferation
assays (Cell Titer 96® Aqueous One Solution, Pro-
mega, U.K.) on MCF-7 breast cancer cells, similarly
to Cavell et al. (2012), and an ICs;, value was extrap-
olated from the fitted survival curves. To make this
dataset relevant to the grower and because the two
accessions vary in size, these measurements were
repeated the following two weeks, at 28 and 35 d, to
cover the entire period during which either one or the
other accession were deemed as “ready to harvest” by
the farm manager (Fig. 1).

Data were analysed using a two-factor Analysis
of Variance (ANOVA), investigating differences in
group means of fixed factors ‘accession’ and ‘date’,
and their interaction. For most variables, the dataset
was balanced and so they were analysed using Type I
sum of squares (SS). The ICs, and AO capacity data-
sets had missing values and were analysed as a Type
IIT SS. Normality and homogeneity of variances was
checked and data was log transformed as necessary.
Further comparisons were made using a Tukeys’s
HSD test. Statistical analysis and graphs were com-
pleted in R, version 3.2.2 (R Development Core Team
2013).

Results
Trial 1in 2015
Table 1 shows the mean and standard error for agro-

nomic traits collected in this study: stem length (cm),
stem diameter (mm), number of leaves, leaf number
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Fig. 1 Images of the
control and Boldrewood
accessions across the time
course of trial 2 in 2016
showing the differences

in morphology of the two
accessions from seedling to
harvest-ready plants

21d

28d

99, d

planting

Control

Boldrewood

» S

index, and biomass (g). For stem length, the Control
accession had longer stems (p<0.0001) than both
Boldrewood age groups; however stem diameter
was not different. The number of leaves present was
higher in the 42 d Boldrewood plants (p=0.0002) but
the 28 d plants of both accessions were not different
to each other. Leaf number index was also found to

be different between the accessions (p=0.0014) with
both Boldrewood age groups showing more leaves
per unit of stem than the Control. This mirrors the
difference in stem length between the two accessions
and suggests that the ‘dwarf” Boldrewood plants are
indeed producing a comparable amount of leaves
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Table 1 The mean and standard error of the mean (n=5) for morphological traits and biomass of control and Boldrewood acces-

sions at 28 and 42 d post-planting in Trial 1

Trait 28d 42d

Control Boldrewood Control Boldrewood
Stem length (cm) Hokok 9.32 (£0.73) 2.88 (+0.45) N/A 3.85(+£0.92)
Stem diameter (mm) ns 1.35 (£0.23) 1.27 (£0.16) N/A 1.47 (£0.15)
No of leaves otk 13.94 (+4.86) 15.28 (+8.71) N/A 28.84 (+11.18)
Leaf index ok 1.48 (£0.05) 6.02 (+1.50) N/A 7.64 (£0.54)
Biomass (g) . 14.03 (+0.48) 7.23 (£0.56) N/A 15.71 (= 1.09)

Statistical significance is denoted as *p <0.05, **p <0.01. ***p <0.001, and ****p <0.0001
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Fig. 2 Mean antioxidant capacity (mmol of Fe?* equivalent
per g fresh weight) of Boldrewood (dark grey) and control
(light grey) accessions in trial 1. Values are as measured by
FRAP antioxidant assay. Error bars indicate the standard error
of the mean (n=35) and letters denote statistically significant
differences (p <0.05)

on a smaller stem. However, biomass (Table 1) was
taken as an indicator of crop yield and showed a sig-
nificant difference between the 28 d Boldrewood and
the other two treatments (p <0.0001). This suggests
that Boldrewood would require an additional 14 d
of growth to produce the same biomass yield as the
Control accession.
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For phytonutrient content and the key ben-
efits to consumers, an AO assay was conducted and
specific GLS concentrations were assessed using
HPLC-MS. The AO potential of the Boldrewood
accession, shown in Fig. 2, decreased significantly
from 28 to 42 d of growth (p=0.0I) but the Con-
trol accession was not different to either of the other
groups. An opposing trend was noted for gluconastur-
tiin, the primary glucosinolate found in watercress
(Fig. 3), which increased for Boldrewood at 28 to
42 d of age (p=0.006). In this case again, the glu-
conasturtiin concentrations of the Control accession
did not vary from either Boldrewood age group. The
concentrations of glucobrassicin were not statistically
different, however the concentrations of 4-methoxy-
glucobrassicin were higher in both ages of the Bol-
drewood accession to those measured in the Control
accession (p=0.0016).

In summary, during Trial 1 the Control plants had
longer stems but Boldrewood plants produced more
leaf per stem unit. Despite this, the Boldrewood bio-
mass lagged approximately two weeks behind the
Control. The accessions did not differ for the primary
glucosinolate, gluconasturtiin, but Boldrewood sam-
ples contained more 4-methoxy-glucobrassicin.

Trial 2 in 2016

The agronomic traits assessed during this trial are
presented in Fig. 4. Stem length was consistently
longer in Control plants (accession, p <0.0001; date,
p<0.0001), confirming the results of Trial 1. Stem
diameter also tested for significant ANOVA factors
(accession, p=0.001; date, p<0.0001) but post hoc
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Fig. 3 Specific glucosi-
nolate concentrations (mg
per gram of dry weight) for
each accession in trial 1.
Boldrewood at 28 d post-
planting is represented in
dark, Boldrewood at 42 d in
medium, and control at 28
d in light grey. Error bars
indicate the standard error
of the mean (n=5)
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testing showed that true differences were due to an
increase in stem diameter in both accessions at 35 d.
Therefore, the results remain consistent with Trial 1;
the two accessions do not differ significantly in stem
diameter. There were significant differences in both
factors for the number of leaves (accession, p=0.03;
date, p<0.0001), however after post hoc testing,
the significant p values are explained by an increase
in leaf number for both accessions from 21 to 28 d
(see Fig. 4). As in Trial 1, leaf number index was
consistently higher for the Boldrewood plants (acces-
sion, p<0.0001; date, p<0.0001) and it universally
decreased over time, as stem elongation was faster
than new leaf formation and expansion. Crop pro-
ductivity was compared again through an assessment
of biomass set by each accession. Mean dry weight,
shown in Fig. 4, was significantly different for both
factors accession (p=0.00026) and date (p < 0.0001),
but post hoc analysis revealed that differences were
relevant to time and that the accessions yielded com-
parable biomass at each time point.

The phytonutrient quality of the crops was also
tested. Sap was extracted from snap-frozen tissue and
used in a serial dilution to treat cancer cells in order
to estimate the concentration required to inhibit can-
cer cell growth by 50%, or ICs,. The results from this
assay are shown in Fig. 5, and although accession was
not a significant factor, date was highly significant
for this variable (p=0.00016). The ICs, concentra-
tion decreased with time implying that the watercress

glucobrassicin gluconasturtiin

Glucosinolate

extract increased in potency against cancer cell
growth as the plants aged. The potent chemopreven-
tive compound in watercress is phenethyl isothiocy-
anate (PEITC) which is derived from gluconasturtiin
(Newman et al. 1992). As gluconasturtiin was found
to increase with age in Trial 1, we can conclude that
this result is consistent to Trial 1. For AO, the assay
revealed no differences between accessions or date
in Trial 2, with the mean AO capacity of the Con-
trol plants ranging from 464.2 to 547.1 mmol of Fe**
equivalent per g fresh weight and that of Boldrewood
plants from 508.8 to 592.4 mmol of Fe? equivalent
per g fresh weight.

In summary for Trial 2, the Control accession
maintained a longer stem than Boldrewood and Bol-
drewood plants again produced more leaves per stem
unit (Fig. 1). In contrast to Trial 1, biomass did not
differ significantly between the two accessions sug-
gesting a minimal loss in yield if replacing one
accession with the other in production. An interest-
ing increase in cytotoxic capacity against cancer cells
with crop age was noted for a second time here likely
linked to the GLS/isothiocyanate system. Table 2
includes key traits comparisons between both trials.

Discussion

Our results confirm that the Boldrewood accession
exhibits a dwarf phenotype in comparison with the
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«Fig. 4 Mean values for stem length (1, cm), stem diameter
(2, mm), number of leaves (3), leaf number index (4) and bio-
mass (5, g) for Boldrewood (dark grey) and control (light grey)
accessions at 21, 28 and 35 days post-planting. Error bars sig-
nify the standard error of the mean (n=10) and letters denote
statistically significant differences (p <0.05)

commercial Control watercress. The Control used
in this research is a watercress cultivar that is grown
widely across the south of England by many commer-
cial companies and which each company continues to
produce yearly from selfed seed. Thus, Boldrewood
represents a new source of novel germplasm with a
distinct dwarf phenotype now observed over several
years and in contrasting environments. Boldrewood
plants produced a higher ratio of desirable leaves to a
smaller ratio of stem, which is in line with the breed-
ing targets set by this program. Thus, this new water-
cress has the more ‘forkable’ phenotype of particular
interest for use in bagged salads.

For phytonutrients, Control and Boldrewood
appeared to be mostly comparable in these trials.
AO capacity did not vary between the accessions
in either trial and this is in agreement with the pre-
vious comparisons (Payne et al. 2015). The indolic
glucosinolate (GLS) 4-methoxy-glucobrassicin
was significantly higher in Boldrewood than in
Control watercress. This glucobrassicin derivative
has been reported in watercress previously and is
involved in plant defences (Kopsell et al. 2007).
In a quantification study of watercress GLS, glu-
conasturtiin concentrations were decisively higher
(63% in aromatic form) compared to any other
GLS (1% in aliphatic and 36% in indole forms)
detected and should be the focus of such com-
parisons in watercress (Liang et al. 2018). This
observation is in agreement with the results of
Rose et al. (2000), where the derivative of gluco-
nasturtiin, phenethyl isothiocyanate (PEITC) was
found to be in concentrations three times higher
than any other isothiocyanate. In human nutrition,
both these GLS appear to play a role in cancer
cell apoptosis and prevention (Cartea and Velasco
2008; Gupta et al. 2014) and are therefore impor-
tant breeding targets for watercress. The results
presented here suggest that Boldrewood shows no
loss of gluconasturtiin compared to the Control

and has higher amounts of indolic glucosinolates,
suggesting that the health benefits to the consumer
are at the very least preserved.

Perhaps our most intriguing finding is the observa-
tion that stage of crop maturity appears to have a sig-
nificant effect on the phytonutritional profile. In Trial
1, AO capacity declined in the older Boldrewood
samples, whereas gluconasturtiin concentrations
increased. This increase in GLS was mirrored with a
significant increase in the potency of the watercress
as an inhibitor of cancer cell growth as the crop aged
in Trial 2—a novel finding which was unknown in
watercress. Previously, studies have primarily linked
AO capacity to polyphenolic compounds and ascor-
bic acid in watercress (Ninirola et al., 2014). AO
capacity has shown variation in response to numer-
ous factors. In watercress, AO capacity differed
between spring and winter growing seasons (Ninirola
et al., 2014) and contrasting growing systems (Qian
et al. 2023); between parts of the plant and increased
across 6 post-harvest days while refrigerated (Payne
2011). GLS concentrations in watercress have been
shown to increase in response to stressors/stimulants,
specifically longer days, poor light quality, higher
temperatures, soil nutrients and water availability
(Schreiner 2005; Engelen-Eigles et al. 2006; Kopsell
et al. 2007). Thus, we can postulate that variability
in GLS in harvested leaves is commonplace and sug-
gests these ‘natural plant defence traits’ are not highly
heritable and may help to explain the variability seen
in this study.

A single study alone has measured change in
growing watercress phytonutrients over time and
charted a consistent increase in both ascorbic
acid (an AO) and PEITC to a plateau at 40 days
(Palaniswamy et al. 2003). This study however
was limited to controlled conditions, which do not
accurately reflect the commercial environment
(Payne et al. 2015). The current study is the first
to examine change in AO and chemopreventive
capacity over time in the watercress crop within
a commercial setting. As the variation in GLS
concentrations in plant tissue seems particularly
species-specific across Brassicaceae’s examined
(Booth et al. 1991; Velasco et al. 2007; Wentzell
and Kliebenstein 2008), this is an important find-
ing for watercress. The implication is that eating
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Fig. 5 Mean inhibitor concentration required to cause lethal
toxicity to 50% of MCF7 breast cancer cells present (ICs,, ul
of watercress sap per ml of medium) for Boldrewood (dark
grey) and control (light grey) watercress accessions in trial 2.
Error bars indicate the standard error of the mean (n=10) and
letters denote statistically significant differences (p <0.05)

watercress harvested from a more mature crop,
versus the popular baby-leaf salads, could be
linked to a greater chemopreventive effect. We
speculate that extending the growth period could
be further investigated as a method to increase the
health benefit seen by the consumer for watercress.

In conclusion, through extensive testing, we
have established the dwarf growth form and con-
sistently high and beneficial phytonutrient char-
acter of the new Boldrewood watercress in the
agricultural setting. Boldrewood could be mar-
keted to meet consumer demand for a salad leaf
with less stem. In the commercial environment,
Boldrewood was often harvested up to 14 d later
that the usual crop, due to its smaller size and that
these additional days of growth resulted in a crop
with increased chemopreventive benefits in trials
using human cancer cells. However, we have not
completed a cost benefit analysis in this study to
consider how increased growing costs might be
off-set by a premium product. This new watercress
offers significant potential to grow a slower crop,
for up to two weeks longer than the traditional har-
vest date, but with a potential significant improve-
ment in phytonutrition, whilst conforming to cur-
rent market size specifications.

Table 2 Key result synthesis for marketable traits across both trials. Results expressed in market-relevant wording and “comparable”
indicates that the two accessions were not found to be statistically different in the particular case

Trial 1 Trial 2
Stem length Control: longer Control: longer
Stem diameter Comparable Comparable
No leaves Boldrewood: leafier Comparable
Leaf index Boldrewood: leafier per stem unit Boldrewood: leafier per stem unit
Biomass Boldrewood: 2-week lag to current market size Comparable
Antioxidant capacity Comparable Comparable
Glucosinolates: N/A

Gluconasturtiin
Boldrewood: higher
N/A

4-methoxy-glucobrassicin

IC50 cancer cell inhibition

Comparable: increasing with time -

Comparable: increasing with time
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