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Abstract. Leafy crops, like Swiss chard, are known to be natural sources of provita-
min A, but little is known which cultivars and plant parts have greater amounts.
Swiss chard ‘Fordhook Giant’, ‘Oriole’, ‘Peppermint’, ‘Rhubarb’, ‘Heart of Gold’,
‘Cardinal’, ‘Sea Foam’, ‘Bright Yellow’, ‘Silverbeet’, and ‘Bright Lights’ were grown
using the hydroponic nutrient film technique. Data were collected on soil plant analy-
sis development (SPAD), plant growth, provitamin A content, and nutrient analysis.
SPAD was greatest for ‘Heart of Gold’. Shoot fresh weight was greatest for ‘Pepper-
mint’, ‘Sea Foam’, and ‘Bright Yellow’. Leaf provitamin A content was greatest in
‘Fordhook Giant’, but was only different from ‘Oriole’, ‘Cardinal’, and ‘Sea Foam’.
Provitamin A content was greater in petioles than in leaves for all cultivars except for
‘Fordhook Giant’ and ‘Bright Yellow’, whereas nutrient content was greater in leaves
than petioles except for potassium. Thus, Swiss chard cultivar selection by growers

will affect yield and consumer nutrition.

Swiss chard (Beta vulgaris L.) is a leafy
green commonly grown for its spinachlike
leaves and thick, fleshy petioles (Gamba
et al. 2021). Petioles can grow in a variety of
colors, including white, red, yellow, orange,
pink, and purple (Parkell et al. 2016). These
plants also contain a large amount of many
important nutrients (Gamba et al. 2021) and
are also a great source of provitamin A (Rana
2016). The quality and yield of leafy green
crops can be improved when grown in a hy-
droponic system (du Plooy et al. 2012).
Sgherri et al. (2010) reported that basil (Oci-
mum basilicum L.) plants show increased
provitamin content when grown in a hydro-
ponic system compared with plants grown in
a soil system.

Although provitamin A is most com-
monly associated with meat and dairy prod-
ucts, most of the provitamin A in human
diets comes from plants (US Department of
Health and Human Services 2023). In plant
tissues, vitamin A is found in the form of
[B-carotene, which gets converted into vita-
min A within the body (Rucker 2001). This
[B-carotene is what gives plants their yellow,
orange, and red color. Vitamin A, or retinoic
acid, is an extremely important factor in
maintaining healthy tissues and cells (Ross
2010). Provitamin A deficiency can increase
susceptibility to diseases and infections,
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reduce childhood growth, and cause xe-
rophthalmia, a disease that causes blind-
ness (Sommer 2008). This study evaluated
different-color Swiss chard cultivars for
plant growth and provitamin A content as
salad greens.

Materials and Methods

Growth conditions and plant material.
The experiment was conducted at the Okla-
homa State University research greenhouses
in Stillwater, OK, USA. No supplemental light-
ing was used in the greenhouse, and daily light
integral levels averaged 12.4 + 2.1 mol'm2>d ™.
The greenhouse temperature was set at 21/
18°C (day/might) but averaged 20.9 + 3.7°C.
Relative humidity averaged 53 + 4.2%.

Seeds of 10 cultivars of Swiss chard in-
cluded ‘Oriole’, ‘Heart of Gold’, ‘Bright
Lights’, ‘Peppermint’, ‘Fordhook Giant’, ‘Bright
Yellow’, ‘Rhubarb Chard’ (Johnny’s Selected
Seeds, Winslow, MN, USA), ‘Cardinal’ (Pinetree
Garden Seeds, New Gloucester, ME, USA),
‘Five Color Silverbeet’” (Baker Creek, Mansfield,
MO, USA), and ‘Sea Foam’ (Pinetree Garden
Seeds). Seeds were sown on 31 Oct 2023 in oa-
sis cubes (Harris Seeds, Rochester, NY, USA) of
size 1.5 cm® and kept under the miist bench at the
Greenhouse Learning Center in Stillwater, OK,
USA.

Seedlings were transplanted from the mist
bench to the nutrient film technique (NFT)
table (Growers Supply, Dyersville, IA, USA)
on 28 Nov 2023. Each NFT table had 10 chan-
nels measuring 10 cm wide x 5 cm deep x
900 cm long, and each channel lid had 18 of
the 2.5-cm site holes, spaced 20 cm on center.
Each table had one plant per slot and 10 plants
per cultivar arranged randomly. The tables had
a slope of 2.8% and the water was collected in

a tank and recirculated by pump to the irriga-
tion pipe. Nutrient solution was prepared using
SN-5.2P-21.6K fertilizer (Jack’s; J.R. Peters,
Allentown, PA, USA) with secondary and mi-
cronutrients, and calcium nitrate (American
Plant Products, OK City, OK, USA). Tanks
were filled to a 40-gal capacity and 147.4 g of
Jack’s along with 97.5 g of calcium nitrate
were added initially according to the recom-
mended rates. The pH of the nutrient solution
was maintained at 5.5 to 6.5, and the electrical
conductivity (EC) level was maintained be-
tween 1.5 and 2.5 mS-cm™'. The pH down-
solution (General Hydroponics, Santa Rosa,
CA, USA), which uses phosphoric acid, was
used to lower the pH because of alkaline tap
water, and additional nutrient solution was
added whenever the EC was low.

Data collection. Plant greenness using a
soil plant analysis development (SPAD) me-
ter (Konica Minolta, Japan), plant height,
plant width (average of two perpendicular
measurements), and number of leaves of each
plant were measured 37 d after transplanting.
Three readings were taken from the leaf tip
of one mature leaf in the middle of the plant
for SPAD. Shoots and roots were separated
to get fresh weights, and were then dried for
7 d at 53.9°C to acquire dry weight measure-
ments. At the end of each study, leaf nutrient
concentration was measured using petioles or
leaves from three bulked plants per sample
by the Soil, Water, and Forage Analytical
Laboratory in Stillwater, OK, USA, and ana-
lyzed as outlined by Zhang and Henderson
(2016).

Determination of provitamin A content.
Provitamin A was determined using an enzyme-
linked immunosorbent assay kit (CSBE07038PI,
Plant Provitamin A ELISA Kit; Cusabio,
Houston, TX, USA). Fresh samples from a ma-
ture, fully developed leaf or petiole were cut
into small pieces; 500 mg was used. Four sam-
ples were homogenized with 4.5 mL phosphate-
buffered saline buffer (ThermoFisher, Waltham,
MA, USA) at a 1:9 ratio of buffer to plant sam-
ple (4.5 pL per 500-mg sample). Homogenous
extract solutions were centrifuged at 4°C and
4600 g, for 7 min. Then, 50 pL of the extract
solution was used. Two sets of standards were
employed to calibrate the assay. The absorbance
at 450 nm was measured with a spectrophotom-
eter microplate reader (Epoch; Bio-TEK, Instru-
ments Inc., Winooski, VT, USA).

Experimental design and statistical analy-
sis. The study was conducted in a completely
randomized design with six replications. Sta-
tistical analysis was performed using SAS/
STAT software (ver. 9.4; SAS Institute,
Cary, NC, USA). Tests of significance
were reported at the 0.05, 0.01, and 0.001
levels. The data were analyzed using gener-
alized linear mixed-models methods. Tukey
multiple comparison methods were used to
separate the means.

Results and Discussion

A significant cultivar difference was ob-
served for SPAD, plant width, number of
leaves, shoot fresh weight, root fresh weight,
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Table 1. Least square means cultivar differences in growth and quality of several different Swiss chard cultivars grown in nutrient film technique hydro-
ponic systems at Oklahoma State University research greenhouses in Stillwater, OK, USA, in 2023.

Leaf Petiole
Plant  Plant width ~ No. of  Shoot fresh  Shoot dry Root fresh Root dry  provitamin A  provitamin A

Cultivar SPAD  ht (cm) (cm) leaves wt (g) wt (g) wt (g) wt (g) (ng~mL’1) (ng~mL’1)
Fordhook Giant 320bc’ 92a 10.8 ab 7.7 ab 41.0b 2.6 be 92 a 0.7b 182 a 134 a
Oriole 284 d 92 a 10.1 ab 6.9 b—d 37.7 be 2.5 be 88 a 0.7 be 56D 11.5a
Peppermint 326 b 9.7 a 10.0 ab 8.0a 51.0a 35a 8.3 a—c 0.8 a 9.5 ab 109 a
Rhubarb 31.5bd 83a 9.8 b 7.0 b—d 322¢ 23 ¢ 73 cd 0.6 cd 12.2 ab 14.0 a
Heart of Gold 37.0 a 86a 940 7.0 b—d 302 ¢ 23¢ 55fF 0.5d 152 a 20.0 a
Cardinal 302b-d 84a 10.3 ab 7.5 a—c 29.5¢ 23 ¢ 6.0 ef 0.6 b—d 4.6 b 19.1 a
Sea Foam 31.9 be 9.5a 119 a 6.8 cd 51.0 a 34a 8.4 a—c 0.7b 4.0b 74 a
Bright Yellow 29.1cd 93a 10.3 ab 6.7d 513 a 34a 7.8 b—d 0.6 b—d 15.1 a 12.1 a
Silverbeet 299b-d 85a 10.3 ab 7.4 a—d 36.5 be 2.6 be 5.9 ef 0.6 be 156 a 194 a
Bright Lights 29.6b-d 82a 10.8 ab 6.7 d 412 b 3.0 ab 7.0 de 0.6 b—d 14.0 a 16.6 a
Significance <0.0001 0.0548 0.0049 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0025 0.2474

"Means (n = 10 except for vitamin A, where n = 4) within a column followed by the same lowercase letter are not significantly different by pairwise

comparison in a mixed model (P = 0.05).
SPAD = soil plant analysis development.

Table 2. Least square means cultivar differences in nutrient analysis of several different Swiss chard cultivars grown in nutrient film technique hydroponic
systems at Oklahoma State University research greenhouses in Stillwater, OK, USA, in 2023.

Cultivar Organ Total N (%) P (%) K (%) Ca (%) Mg (%) S (%) Fe (mg'mL™") Zn (mgmL™")
Fordhood Giant Leaves 52a' 1.7 a—c 6.7 ¢ 1.3 ab 1.5a 0.5a 100.1 a 52.6a
Petioles 40b 09d 124 a 03¢ 0.6 b 0.1b 85.9 ab 26.6 b
Oriole Leaves 50a 1.5 a—c 6.9 c 1.3 ab 1.5a 0.5a 95.1 a 443 a
Petioles 40b 0.8 d 10.3 b 03¢ 0.8 b 02b 189 b 19.6 b
Peppermint Leaves 50a 23a 8.0 be 1.4 ab 14 a 0.5a 96.5 a 512 a
Petioles 4.1b 1.0 cd 11.5 ab 03¢ 0.6 b 02b 20.0 b 259 b
Rhubarb Leaves 49 a 1.9 ab 8.3 be 1.3 ab 14 a 0.5a 106.8 a 544 a
Petioles 42b 0.8d 11.7 a 0.4 c 0.7b 0.1b 193 b 232 b
Heart of Gold Leaves S.la 1.7 a— 6.5¢ 1.3 ab 1.6a 0.5a 973 a 48.4 a
Petioles 40b 0.9 d 9.5b 03¢ 0.8 b 02b 283 b 222b
Cardinal Leaves 49 a 24 a 6.7 ¢ 1.6a 1.6a 0.5a 111.8 a 60.0 a
Petioles 4.1b 1.0 cd 99b 04c 0.7 b 0.1b 247 b 30.1b
Sea Foam Leaves 50a 1.9 a— 8.2 be 1.3 ab 14 a 0.5a 101.6 a 599 a
Petioles 44 ab 09d 103 b 04c¢ 0.8b 02b 18.5b 34.8 ab
Bright Yellow Leaves 4.5ab 1.4 a—d 7.6 be 1.0 a—< 1.3 ab 0.4 ab 70.5 ab 38.8 ab
Petioles 4.3ab 1.1 bd 8.5 be 0.5 be 0.9 ab 0.3 ab 47.6 ab 31.6 ab
Silverbeet Leaves 50a 1.8 a—c 6.5¢ 1.3 ab 14a 0.5a 1009 a 504 a
Petioles 40b 0.8 d 8.5 bc 04c 0.7 b 0.1b 179 b 219b
Bright Lights Leaves 50a 19 a—c 7.5 be 1.3 ab 14 a 0.5a 98.4 a 484 a
Petioles 4.1b 0.8 d 102 a 03¢ 0.7 b 0.1b 19.7b 2440
Significance 0.0019 <0.0001 0.0097 0.0015 <0.0001 0.0011 0.0011 <0.0001

"Means (n = 3) within a column followed by the same lowercase letter are not significantly different by pairwise comparison in a mixed model (P < 0.05).

shoot dry weight, root dry weight, and Swiss
chard leaves (Table 1). SPAD, a measure of
chlorophyll concentration, was greatest in
‘Heart of Gold’ and was significantly greater
than any other cultivar. Chlorophyll has shown
a positive correlation with [-carotene (Reif
et al. 2013). ‘Sea Foam’ had the greatest plant
width but was only significantly greater than
‘Rhubarb’ and ‘Heart of Gold’. ‘Peppermint’
had the greatest number of leaves, but was not
different from ‘Fordhook Giant’, ‘Cardinal’,
and ‘Silverbeet’. ‘Bright Yellow’ had the great-
est shoot fresh weight and shoot dry weight,
but was not different from ‘Peppermint’ and
‘Sea Foam’. The greatest root fresh weight
was found in ‘Fordhook Giant’, which was not
different from ‘Oriole’, ‘Peppermint’, and ‘Sea
Foam’. ‘Peppermint’ had the greatest root dry
weight and was greater than any other cultivar.
The provitamin A content of the Swiss chard
leaves was greatest in ‘Fordhook Giant’, but was
not different from ‘Peppermint’, ‘Rhubarb’,
‘Heart of Gold’, ‘Bright Yellow’, ‘Silverbeet’,
and ‘Bright Lights’. Carotenoids in the leaf tis-
sue are influenced by the ammonium-to-ammonia
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ratios (Barickman and Kopsell 2016). Although
not significantly different, provitamin A petiole
content varied by as much as 37% between
‘Sea Foam’ (the lowest amount) and ‘Heart of
Gold’ (the greatest amount). In general,
leaves had greater amounts of all nutrients,
except for K, where ‘Fordhook Giant’ and
‘Rhubarb’ had greater amounts in petioles than
in leaves (Table 2). Leaf and petiole nutrient
levels were similar for all nutrients in ‘Bright
Yellow’, and only total N and Zn for ‘Sea
Foam’. Mineral composition has been reported
to be quite variable in Swiss chard accessions
(Bozokalfa et al. 2011).

Conclusion

Cultivar differences were seen for SPAD,
plant growth, and leaf provitamin A content.
Provitamin A content was greater in petioles
than in leaves for all cultivars except for
‘Fordhook Giant’ and ‘Bright Yellow’. Greater
provitamin A content and nutrient levels were
not related to petiole color. In general, leaves
had more nutrients than petioles, with the

exception of K, whereas no differences were
seen among leaves and petioles in ‘Bright
Yellow’ for any nutrients. Future research
could investigate whether color correlates
with other vitamins.
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