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Marigold Cultivars Vary in
Susceptibility to Iron Toxicity
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Abstract. The susceptibility of seven African marigold (Tagetes erecta L.) cultivars to iron
toxicity was assessed. Plants were grown in a greenhouse in a soilless medium and Fe-
DTPA was incorporated into the nutrient solution at either 0.018 mmol-L! (low) or 0.36
mmol-L~ (high). Symptoms of Fe toxicity (bronze speckle disorder in marigold character-
ized by chlorotic and necrotic speckling and downward leaf cupping and curling) devel-
oped only in the high-Fe treatment. The concentration of Fe in leaves in the high-Fe
treatment was 5.6 and 1.7 times as great as in the low-Fe treatment for ‘Orange Jubilee’
and ‘Discovery Orange’, respectively. Based upon the percentage of plants affected and
leaf symptom severity, relative cultivar susceptibility to Fe toxicity was Orange Jubilee >
First Lady > Orange Lady > Yellow Galore > Gold Lady > Marvel Gold > Discovery
Orange. Chemical names used: ferric diethylenetriaminepentaacetic acid, disodium salt

dihydrate (Fe-DTPA).

Marigolds are popular annuals used in the
landscape and as potted plants, providing nu-
merous variations in plant size, habit, and
flower type. The most commonly grown mari-
golds include cultivars of Tagetes patula L.
(French marigold) and Tagetes erecta (Afri-
can marigold). Plants of T. patula are gener-
ally less than 45 cm in height, with small
single, double, or crested flowers (5-8 cm)
that range from orange to red. Plants of T.
erecta and hybrids of T. erecta and T. patula
are up to 90 cm in height, with double, orange
or yellow carnation-like flowers that may ex-
ceed 8 cm in diameter.

During production of African marigolds, a
disorder called bronze speckle (Albano et al.,
1996) can develop. The disorder is character-
ized by a chlorotic and bronze-brown necrotic
speckling, and downward leaflet curling. Ini-
tially, damage is similar to that caused by
spider mite feeding. The bronze speckle disor-
der is caused by excess levels of Fe and possi-
bly Mn in leaf tissue (Albano et al., 1996,
Biernbaum et al., 1988; Ventanovetz and
Knauss, 1989).

Factors that increase the level of soluble Fe
in media (i.e., fertilizer formulation, water
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alkalinity, and medium pH) increase the prob-
ability of developing bronze speckle (Albano
et al., 1996; Bailey, 1996; Carlson, 1988). As
the N concentration of a complete soluble
fertilizer increases, the concentration of the
other nutrients, including Fe, increases pro-
portionally. Previous work has indicated that
the form of applied Fe (chelated vs. salt) also
has a direct effect on the level of soluble
(leachable) Fe in media, with chelated forms
resulting in higher levels of soluble Fe (Albano
et al., 1996).

Cultivars within a species can vary in toler-
ance to Fe toxicity stress (Foy et al., 1978;
Harbaugh, 1995; Ramirez and Lang, 1997). In
a previous study, ‘First Lady’ and ‘Voyager’
marigolds treated with excess Fe varied in
asymptomatic and symptomatic leaf Fe con-
centrations (Albano et al., 1996). Therefore,
the objective of this study was to determine the
response of seven African marigold cultivars
to Fe toxicity. Foliar Mn was also determined,
as African marigolds are particularly suscep-
tible to Mn toxicity as well (Biernbaum et al.,
1988).

Materials and Methods

Growing conditions. The African mari-
gold cultivars Discovery Orange (dwarf); First
Lady, Gold Lady, Marvel Gold, Orange Lady,
Yellow Galore (semidwarf), and Orange Jubi-
lee (hedge) were sown in Fafard 3-B (Fafard,
Anderson, S.C.) soilless medium composed of
sphagnum peat moss, processed bark, perlite,
and vermiculite. Seeds were sown directly
into six-cell grow-packs (40 cm? per cell) in a
greenhouse with heating/venting temperatures
of 18/29 °C. Long-day conditions were pro-
vided with supplemental lighting from very
high output (VHO) fluorescent lamps between
2200 to 0200 HR. A pack of six plants consti-
tuted a single replication, and six replications
of each treatment and cultivar combination
were arranged in a completely randomized
design. Iron (Fe-DTPA) treatments of 0.018

mmol-L~' (1 mg-L~'Fe, low) or 0.36 mmol-L-
' (20 mg-L'Fe, high) were incorporated into a
base nutrient solution, prepared in distilled-
deionized water, described previously (Albano
and Miller, 1996). Treatments began 15 d after
sowing at emergence of first true-leaf pairs, at
which time plants were thinned to one plant
per cell. Nutrient solutions (250 mL per six
cell pack) were applied directly to the media
(leaching fraction, 15% to 25%) ateach irriga-
tion, avoiding any application to foliage.

Visual evaluations of symptom type (e.g.,
chlorotic speckling, necrotic speckling, or leaf
curl) and severity were recorded daily for each
plant from treatment initiation to harvest. Plant
height was measured from the cotyledonary
node to the shoot apex 34 d after initiating
treatments, and three plants from a pack (rep-
lication) were harvested for tissue dry weight
and elemental analysis. Leaves were classi-
fied as symptomatic if any visual symptoms
were present, regardless of severity. All re-
maining leaves were classified as asymptom-
atic. For mineral analysis, leaf tissue was
washed, dried, ashed, and prepared for atomic
absorption spectrophotometry as described
previously (Albano et al., 1996). Two similar
experiments, independently designed, were
conducted in the same greenhouse simulta-
neously.

Statistics. Data were analyzed by analysis
of variance to determine the effects of experi-
ment, cultivar, and Fe treatments, and the
significance of interaction between these fac-
tors. Calculations were performed with the
general linear model (GLM) procedure of SAS
(SAS Institute, Cary, N.C.). Means were sepa-
rated and planned comparisons were made
using LSD or pairwise f tests.

Results and Discussion

Disorder development. Iron toxicity symp-
toms developed only in the high-Fe treatment,
and were characterized by patches of
interveinal chlorosis, bronze-necrotic speck-
ling, and downward leaf curling, consistent
with the symptoms of Fe-induced bronze
speckle disorder (Albano et al., 1996). Symp-
toms began to appear 4 d after initiating treat-
ments in ‘Orange Lady’. ‘Discovery Orange’
was the last cultivar to develop symptoms of
bronze speckle at 12 d after initiating treat-
ments. There was no experiment by cultivar
interaction, and therefore data were pooled for
analyses. ‘Orange Jubilee’ and ‘Discovery
Orange’ plants were the greatest and least
severely affected plants at harvest, respec-
tively (Table 1). ‘Orange Jubilee’ and ‘Dis-
covery Orange’ also had the most and least
plants affected at harvest at 99% and 24%,
respectively (Table 1).

Plant growth. Neither plant height nor leaf
number was affected by Fe treatment in either
experiment. Mean plant height for all cultivars
was 0.8 cm greater in Expt. 2 than in Expt. 1,
butexperiment by cultivar interaction for plant
height was nonsignificant; the data were pooled
for both experiments. The tallest and shortest
cultivars were Orange Jubilee (31.8 cm) and
Discovery Orange (7.0cm), respectively (Table
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Table 1. Percentage of plants affected with bronze speckle, and symptom severity rating for the high-Fe (0.36 mmol-L' Fe-DTPA) treatment, plant height and leaf "
dry weight as an average of both the high-Fe and low-Fe (0.018 mmol-L-' Fe-DTPA) treatments, and total leaf Fe and Mn concentration for seven marigold
cultivars as affected by Fe-DTPA concentration in the nutrient solution. Data are means for Expts. 1 and 2.

Affected Symptom Height Leaf DW Fe (ug-g™") Mn (ug-g™)
Cultivar plants (%)* severity* (cm) (g) Low High Low High
Orange Jubilee 99 a 35a 31.8a 1.12a 120d 666 b™ 95¢ 98 b
Gold Lady 54 be 2.lcd 145b 0.94 b 286 a 828 a™" 138b 139 a™
Yellow Galore 61b 22c¢ 144b 0.89b 157 cd 364 d™ 89d 88 b
Orange Lady 71b 2.5bc 14.3 be 0.92b 229b 753 ab™" 151 a 144 a~
Marvel Gold 40c 194 13.3bc 0.88b 180 ¢ 548 ¢ 103 ¢ 127 a™
First Lady 71b 260 13.1c 0.75¢ 255 ab 679 b™" 137b 131 a™
Discovery Orange 24d 1.4d 7.0d 0.57d 241b 406 d” 157 a 132 a™

*n =72 plants per cultivar.
YMean separation within columns by Lsp, P < 0.05.

*1 = normal, 2 = chlorotic speckling, 3 = chlorotic and necrotic speckling, 4 = chlorotic and necrotic speckling, and downward leaf cupping and curling.

NS, %, #% %

1). The semidwarf cultivars ranged in height
from 14.5 cm for ‘Gold Lady’ to 13.1 cm for
‘FirstLady’ (Table 1), and the average number
of true-leaf pairs produced by all cultivars and
in both treatments ranged from six to seven
(data not shown).

Leaf dry weight per plant was not affected
by Fe treatment in either experiment, but the
mean value for all cultivars was greater in
Expt. 2 than in Expt. 1 (0.89 vs. 0.84 g per
plant, respectively). Experiment by cultivar
interaction was nonsignificant, therefore the
data for both experiments were pooled. ‘Or-
ange Jubilee’ and ‘Discovery Orange’ had the
greatest and least dry weight (Table 1). Leaf
dry weight for the semidwarf cultivars ranged
from 0.94 g for ‘Gold Lady’ t0 0.75 g for ‘First
Lady’ (Table 1).

Leafiron and manganese. Leaf Fe concen-
tration was similar in both experiments, so
data were combined for all analyses (Table 1).
At the low application rate, Fe ranged from
120 to 286 pg-g™' Fe (Table 1), indicating that
cultivars vary in capacity to take up and/or
translocate Fe to shoots. Similar observations
have been made in Fe toxicity cultivar trials
conducted on potted Pentas lanceolata Benth.
(Harbaugh, 1995) and Schiumbergera sp.
(Ramirez and Lang, 1997).

Fe uptake and translocation within the plant
is influenced by several factors, including
nutrient antagonisms and pH (Reed, 1996;
Warden and Reisnauer, 1991), temperature
and light (Brown et al., 1979; Lahav and
Turner, 1984); and Fe-efficiency reactions
(Bienfait, 1988). In previous work on ‘First
Lady’, however, we found that Fe-efficiency
reactions, as determined by Fe** root reductase
activity, were only induced under Fe deficient
conditions (Albano and Miller, 1996).

Mean leaf Fe concentration for all cultivars
in the low-Fe and high-Fe treatments (asymp-
tomatic and symptomatic leaf tissue combined)
averaged 210 and 606 pg-g~', respectively
(Table 1). In the high-Fe treatment, the Fe
concentration in asymptomatic and symptom-
atic leaves averaged 492 and 685 pg-g' Fe,
respectively, over all cultivars (Table 2). No
cultivar except Yellow Galore developed
symptoms of Fe toxicity at an Fe concentra-
tion below 500 pg-g™' (Table 2), consistent
with other work indicating that, in general, the
critical concentration for Fe toxicity ranges
from 400 to 800 ug-g”' (Biernbaum et al.,
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Nonsignificant or significantly different from low Fe-DTPA concentration at P = 0.05, 0.01, and 0.001, respectively, by pairwise ¢ test.

Table 2. Effects of the higher Fe concentration (0.36 mmol-L-! Fe-DTPA) on leaf dry weight and on leaf Fe
and Mn concentrations in asymptomatic (Asym) and symptomatic (Sym) tissues of seven marigold
cultivars harvested 34 d after initiating treatments. Data are means for Expts. 1 and 2.

Leaf DW (g) Fe (ug-g™) Mn (ug-g™)
Cultivar Asym Sym Asym Sym Asym Sym
Orange Jubilee 0.04 d 1.06 a™" -y 666 ¢ -y 98 b*
Gold Lady 0.26 be 0.69 b™ 684 a 919a™ 127 ab 147 a
Yellow Galore 0.17 cd 0.70 b™ 360 b 367 d 87¢ 89 b
Orange Lady 0.14 cd 0.79 b™ 645 a 825 ab™ 152a 139 a
Marvel Gold 0.41 ab 0.51 ¢ 413 b 696 bc™ 121b 134 a
First Lady 0.17 cd 0.66 b™ 495b 818 ab™ 114b 144 a
Discovery Orange 051a 0.10d™ 357b 504 d* 128 ab 140 a

*Mean separation within columns by Lsp, P < 0.05.
YInsufficient amount of tissue for analysis.

*No mean separation between Asym and Sym because of insufficient tissue for analysis.

NS, BE R

t test.

1988; Choi et al., 1996). In a previous study
conductedinacontrolled-environment growth
chamber, however, we found that the critical
concentration of Fe to cause toxicity can vary
considerably with growing conditions and leaf
age (Albanoetal., 1996). Indeed, in the present
study we did not find a correlation between Fe
concentration and symptom severity (Tables 1
and 2). In general, these observations support
the view that the most common physiological
attribute of Fe toxicity is an increase in both Fe
uptake and transport to shoots (Foy et al.,
1978). However, they also show that cultivars
can vary considerably in susceptibility to the
disorder.

Leaf Fe concentration ranged from 357 to
684 ug-g™'in asymptomatic leaf tissue, and
from 367 to 919 pg-g~' in symptomatic leaf
tissue (Table 2). In all cultivars except Yellow
Galore the Fe concentration was higher in
symptomatic than in asymptomatic leaf tissue
(Table 2).

Levels of Fe in symptomatic leaf tissue of
‘Yellow Galore’ were similar to those in asymp-
tomatic leaf tissue (Table 2). Localized analy-
sis of lesions vs. whole leaf analysis of symp-
tomatic leaves, as was done in this study, may
help explain the disorder that developed in
‘Yellow Galore’. This cultivar may differ in
the production of ferritin, which is the main
Fe-storage protein in plants. Ferritin has been
proposed as a mechanism of tolerance to Fe
toxicity (Verkleij and Schat, 1990). Ferritin is
found in plastids of photosynthetic tissue and
root meristems, and serves as a cellular Fe
buffer (Thiel, 1987; van der Mark etal., 1981).
Ferritin synthesis is regulated by Fe; a cellular

Nonsignificant or significantly different from Asym at P =0.01 and 0.001, respectively, by pairwise

influx of chelatable Fe causes the production
of the protein through transcriptional control
of the ferritin gene by an iron-responsive ele-
ment binding protein (Harford and Klausner,
1990; Proudhon et al., 1989).

Leaf Mn concentration was similar for
both experiments, therefore data were com-
bined for all analyses. For all cultivars except
Marvel Gold and Discovery Orange, Fe level
did not affect leaf Mn concentration (asymp-
tomatic and symptomatic tissue combined)
(Table 1). In ‘Marvel Gold’, Mn concentration
was greater in the high-Fe treatment, but the
reverse was true for ‘Discovery Orange’ (Table
1). ‘Orange Lady’ and ‘Yellow Galore’ had
the highest and the lowest leaf Mn concentra-
tions, respectively, of all cultivars in both the
low-Fe and high-Fe treatments (Table 1). In
the high-Fe treatment, there was no difference
in Mn concentration between asymptomatic
and symptomatic leaf tissue (Table 2). Leaf
Mn concentrations ranged from 87 to 152
Hg-g~' in asymptomatic leaves, and from 89 to
147 pg-g™' in symptomatic leaves (Table 2).

In summary, based on the number of plants
affected, leaf symptom severity, and symp-
tomatic leaf tissue dry weight, the susceptibil-
ity of the cultivars to Fe toxicity varied consid-
erably in this study. In general, more severe
symptoms were associated with a greater per-
centage dry weight of symptomatic leaf tissue
and a greater percentage of plants affected
with the disorder. Order of susceptibility using
these criteria was ‘Orange Jubilee’ > ‘First
Lady’ > ‘Orange Lady’ > ‘Yellow Galore’ >
‘Gold Lady’ > ‘Marvel Gold’ > ‘Discovery
Orange’. The foliar Fe concentration in plants

1181



supplied with a concentration of Fe-chelate
typically used in commercial greenhouse and
nursery operations varied greatly with culti-
var, as did the foliar Fe concentration at which
toxicity occurred. Growers should be aware
that when interpreting data from foliar analy-
sis, African marigold cultivars differ in both
foliar Fe concentration and susceptibility to Fe
toxicity.
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