
Leaf tissue elemental content was determined by ICP-AES. Carotenoid and chlorophyll
pigments were measured by HPLC according to Beecher and Howard of the USDA
Food Composition Laboratory and Khachik et al. (6). Data was analyzed by the
GLM procedure of SAS (Cary, North Carolina).

Three kale cultivars, 'Winterbor', 'Bona', and 'Redbor' (Johnny's
Selected Seed, Albion, ME), were greenhouse grown in a
modified Hoagland's nutrient solution (5). Iron chelate was
applied at 2.0, 1.0, 0.5, 0.25, and 0.125 mgFe/L. The experimental
design was a randomized complete block, with each treatment
replicated four times.

Materials and Methods

Early kale growth in solutions.

Hydroponic set up with aerated
solutions.

Roots suspended in nutrient solutions while foliage is on top of container lid. Photos by Lisa Nugent,
UNH Photographic Services.
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Absorbances at 452, 652, and 665 nm were combined to depict carotenoid and chlorophyll content.
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Experimental Results

Significant linear increases were also found for:

in 'Redbor' (P= 0.05)
in 'Bona' (P= 0.03)
in 'Winterbor' (P= 0.01), 'Bona' (P= 0.01), and 'Redbor' (P= 0.05)
in 'Bona' (P= 0.05)
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in 'Bona' (P< 0.01) and 'Redbor' (P= 0.08)
in 'Winterbor', 'Bona', and 'Redbor' (P< 0.01)

Mn
Zn

Elemental Nutrients
Iron concentrations in kale cultivars decreased with decreasing Fe in nutrient
solutions, but not to the point of visual Fe deficiency. No significant trends were
found for leaf tissue Fe in the cultivars evaluated. Abadía et al. also reported no
differences in total leaf Fe between normal and chlorotic peach (Prunus persica L.)
leaves (7). Leaf tissue Fe status may account for the changes reported for chlorophyll
and other light harvesting pigments (L and BC).

Concentrations of elemental nutrients were within sufficiency ranges (8).

In response to decreasing Fe, significant linear increases were found for:

Green leafy vegetables are rich in dietary carotenoids and kale
(B. oleracea Acephala Group) ranks highest among all vegetable
crops for lutein (L) and β-carotene (BC) (1). Within plants,
carotenoids are bound to the thylakoid membranes and serve
light-harvesting and photoprotective roles (2). Diets rich in
vegetables are associated with decreased risks of major eye
diseases, theoretically due to similar photoprotective roles in
the human retina (3).

Iron deficiency in plants decreases chlorophyll a (Chl a),
chlorophyll b (Chl b), L and BC pigments; however, carotenoids
decrease less than chlorophylls (4). The health benefits
associated with consuming L and BC, along with the effect of
plant Fe status on pigment concentrations, warrents further
investigation.

THE OBJECTIVE OF THIS STUDY was to measure the effect of
iron fertility on the concentration of:

in the leaf tissues of three different kale cultivars.

elemental nutrients
chlorophyll pigments
carotenoid pigments

Introduction

Mean Chlorophyll a and b Content* Mean Lutein and β-Carotene Content*
Kale Grown under Decreasing Fe Concentrations

mgFe/L in Nutrient Solutions* standard error for column means
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In general, L decreased in response to decreasing
Fe in nutrient solutions, but a significant decrease
was only found for 'Redbor' (P=0.05). Levels of
BC also decreased and significant decreases were
found for 'Winterbor' (P=0.07) and 'Redbor'
(P=0.02). Decreases in L pigments can be
expected in plants grown under Fe deficiency
conditions (4).

Carotenoid PigmentsChlorophyll Pigments
In general, Chl a decreased but a significant
linear decrease was found only for 'Redbor' kale
(P=0.01). Significant linear decreases in Chl b
were found for all kale cultivars ['Winterbor'
(P<0.01); 'Bona' (P=0.05); 'Redbor' P=0.04)].
Chlorophyll a and Chl b content decreased with
decreasing Fe in nutrient solutions, but not to
the point of visual chlorosis.

Dietary fortification of carotenoid phytonutrients
may prove effective at reducing the normal effects
of aging on eye health (9). Because of the potential
health benefits, identification of cultivars with high
carotenoid content would provide valuable
information. Carotenoid levels differed among kale
cultivars and may indicate the importance of
cultivar selection when attempting to increase
carotene and carotenoid consumption in the diet.

Changes in Fe fertility caused changes in the
pigment profile of kale. Data generated
demonstrates the feasibility of modifying L and BC
content in leaf tissues through changes in Fe fertility.
Changes also occurred in the elemental content of
the leaves. Increases in L and BC would be expected
to raise the phytonutritional value of kale.

Conclusions

‘bona’ ‘redbor’‘winterbor’
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