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IRON NUTRITION OF SIX CULTIVARS OF SUNFLOWER
A. Kashirad2
ABSTRACT

Six high-oil cultivars of sunflower (Helianthus annuus L.) were grown in nutrient
solution with an initial pH of 5 containing no Fe or 2 ppm Fe either in the form of in-

organic Fe3+

or FeEDDHA in order to study their efficiency of utilizing Fe compounds.
An initial Fe chlorosis was observed for all cultivars in solution without Fe by the
time the pH of nutrient solution was declining. However, plants in medium containing

inorganic Fe3+

or FeEDDHA increased the pH with time without development of chlo-
rosis. It was proposed that with inorganic Fe3+ supply, Fe requirement of plant was

satisfied due to direct contact of Fe3+ phosphate particles with the root surface.

Growth response of the six cultivars to inorganic Fe3* or to FeEDDHA was
somewhat similar. However, the Fe concentration in the shoot of all cultivars was
significantly higher with FeEDDHA than inorganic Fe3+, which indicated a better
availability of Fe from FeEDDHA. The Fe concentration of the shoots caused a signi-
ficant difference in P: Fe ratio.

It was concluded that cultivation of sunflower cultivars used in this experiment
has no limitation in respect to utilization of Fe compounds, even in the form of inor-
ganic Fe.

1 — Contribution from the Department of Soil Science, College of Agriculture, Pahlavi
University, Shiraz, Iran. This project was supported by Pahlavi University Agri-
cultural Research Center.

2 — Professor of Soils.
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INTRODUCTION

Piant species, varieties and inbred line differ in their ability for utilizing Fe from
arowth media (1, 15, 15). On the basis of this, plants have been arbitarily classified
as Fe-efficient and Fe-inefficient. Fe-efficient plants under Fe stress condition have
mechanisms that bring about some metabolic changes in the plant that alter the root
environment and favor the absorption and translocation of Fe. Changes in the pH
of the_ arowth medium, release of reducing substances (4, 5, 6, 7), production of ribo-
flavin (17, 19, 22), differential uptake of anions and cations (18, 21), citrate accumu-
lation in the root (7, 8, 18), Fe and phosphate accumulation and their translocation in
the plants (3, 11, 14) are the factors generally studies to determine the ability of plants

to utilize Fe under Fe stress conditions.

The purpose of the present study was to evaluate the responses of six newly in-
troduced cultivars of sunflower (Helianthus annuus L.) to inorganic and organic Fe

sources.

MATERIALS AND METHODS

Szeds of six high-oil yieldina sunflower cultivars {Louck, Peredovik, Orizont,
Zaraa, Record and Mhjak) were cerminated in vermiculite and after 10 days, transfer-
red on a ring to 3.2-liter jars in the areenhouse. Each jar contained four plants in 3
liters of nutrient solution with the following composition in mM/liter: Ca {N03}2.
3.75; KH2P04, 0.75 and MgSO4, 0.75. The concentration of micronutrients was 1
ppm for B and Mn and 0.1 ppm each fer Zn, Cu and Mo. The nutrient solution receiv-
ed either no Feor 2 ppm Fe as FeCJS or FeEDDHA (Sequestrene 138 Fe). The design
of the experiment was a randomized complete block, arranged in factorial manner. The

experiment was replicated three times.
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The initial pH of the nutrient solution was adjusted to 5.0 and the pH was measur-
ed daily during the course of the experiment. The nutrient solution was continually
aerated and water loss was compensated for by addition of distilled water. After 15
days, plants were harvested and the roots were washed with distilled water and separat-
ed from the shoots. Shoots and roots were sampled separately, dried at 70C, weighed,
ground and digested in a nitric, perchloric and sulfuric acid mixture (in proportion of
75 : 30 : 15 ml, respectively). Phosphorus was determined by vanadomolybdophos-
phoric yellow method (12), and Fe by Carl Zeiss Atomic Absorption Spectrophoto-
meter. Data were subjected to the analysis of variance and means were compared using

Duncan’s new multiple range test.

RESULTS AND DISCUSSION

In the course of experiment, plants which received Fe remained green, while
those. grown without Fe developed chlorosis after four to five days of growth and
remained chlorotic thereafter. Figure 1 shows the changes that occurred in nutrient
solutions during 15 days of plant growth.

Plants grown in nutrient solution without Fe developed chlorosis by the time the
pH was declining, while in the medium containing inorganic Fe3* or FeEDDHA, the
pH was increased and plant did not develop chlorosis. The increase in the pH of the

nutrient solution with inorganic Fe3+

was either similar or less as compared to the
solution with FeEDDHA (Fig. 1). Since no chlorosis was noted for plants supplied
3+ or FeEDDHA, both could be considered as available forms of

Fe for the cultivars of sunflower used. These results are not in agreement with an

with the inorganic Fe

earlier report (15) where chlorosis was noted whenever plants were supplied with in-

organic F33+'

Inorganic Fe3+ is supposed to be precipitated as Fe3+ -hydroxide under similar
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pH conditions as used in this experiment and in an aqueous solution in the presence

3+ -phosphate causing plants to suffer from Fe

of phosphate, it precipitate as Fe
stress {(15). In the present study plants did not suffer from Fe shortage due to the fact
that sunflower seedlings neither showed any sign of chlorosis nor any lowering of pH in
solution containing Fe was noted. It is possible that Fe requirement of plant was

satisfied due to direct contact of Fe-phosphate particles with root surface {2, 13).

In all six cultivars tested, dry weight of roots and shoots increased considerably
due to FeEDDHA and Fe3* as compared to control plants (Table 1). In cultivar Ori-
zont, & better shoot growth, and in cultivar Mhjak, a better root growth was obtained
with FeEDDHA than with inorganic F3*

Iron treatments had pronounced influence of the Fe concentration of root and
shoot (Table 1), while the Fe concentration in control plants was considerably lower.
In cultivars Zarea, Record and Mhjak the Fe concentration of root was relatively higher
with inorganic Fest than when FeEDDHA was supplied. This could be due to the pre-

3+ -phosphate on the root surface. The Fe concentration in the shoot

cipitation of Fe
of all cultivars was significantly higher with FeEDDHA than with inorganic F93+ indi-

cating better availability and solubility of Fe from FeEDDHA 9Table 1).

Phosphorus accumulation in plant is another factor that influences susceptibility
or resistance of plant to Fe chlorosis (7, 15, 20) due to external (9, 16) and internal
inactivation of Fe within the plant (3, 11, 14). Dekock {11) proposed the use of P:Fe
ratio as an index of Fe status of plants. Kashirad and Marschner (15) reported that in
corn susceptibioity to Fe chlorosis was related to the P:Fe ratio in the shoot rather
than to Fe absorption and translocation capacity of plant. Odurukwe and Maynard
(18) suggested that with an increase in the relative P concentration of the tissue, more
Fe is tied up in phosphate combination and consequently less Fe is available for phy-

siological reaction in the plant.
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Table 1. Dry weight, Fe and P concentrations and P/Fe ratio of six cultivars of sunflowers grown for 15 days in nutrient-
solution without Fe and 2 ppm Fe as inorganic _umw+ and FeEDDHA.

ROOT SHOOT
Cultivar Treatment Dry wt. Fe P Dry wt. Fe P
g/pot ppm ma/g P/Fe g/pot ppm mg/g P/Fe
—Fe 0.45b* 887b 10.6a 12.1a 1.03b 67c 8.5a 126.8a
Louck +_umw+ 0.48ab 1259a 10.2a 8.1b 1.24a 81b 8.4a 103.3b
+FeEDDHA 0.50a 1243a 10.5a 8.6b 1.25a 89a 7.2b 80.7c
—Fe 0.49b 514b 12.2a 24.5a 1.31b 70c 7.2a 102.2a
Peredovik +.uow+ 0.48b 1133a 11.4a 10.1b 1.46a 88b 7.2a 83.3b
+FeEDDHA 0.54a 1269a 8.2b 6.6¢ 1.63a 102a 7.4a 72.4c
—Fe 0.50b 638b 10.5a 1.6a 1.29¢ 95¢ 9.7a 102.4a
Orizont +mmw+ 0.54ab 1840a 9.6a 5.2b 1.50b 110b 7.6b 70.0b
+FeEDDHA 0.57a 1691a 10.1a 6.5b 1.70a 127a 7.1c 65.0c
—Fe 0.43b 830c 8.8b 10.8a 1.38b 76c B.8a 117.0a
Zarea +_umw+ 0.44b 2049a 9.9a 4.8b 1.54a 120b 7.0b 61.1b
+FeEDDHA 0.49a 1751b 10.1a 5.8b 1.56a 168a 6.7b 40.2c
—Fe 0.46a 860c 10.4a 12.3a 1.32b 89¢c 8.4a 95.8a
Record +Fe3t 0.46a 2354a 10.5a 5.7b 1.44a 127b 7.9b 64.0b
+FeEDDHA 0.50a 1184b 10.8a 6.1b 1.41ab 148a 6.9¢ 47.0c
—Fe 0.48b 1016¢ 9.7b 9.7a 1.49b 89¢c 9.6a 101.2a
Mhjak +_umw+ 0.49b 1703a 10.1b 6.0b 1.84a 113b 7.6b 67.7b
+FeEDDHA 0.55a 1243b 11.4a 9.2a 1.81a 147a 7.4b 51.1¢c

*Means in each group followed by the same letter are not significantly different at the 1% level.
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Table 1 indicates that P accumulation in roots and shoots of plants varied with
the treatments. Irrespective of cultivar, maximum P:Fe ratio occurred in treatments
without Fe, followed by inorganic Fe3+ and least with FeEEDDHA. On the other hand,
maximum Fe level was observed in the shoot of plants with FeEEDDHA, next with in-
organic F93+ and last without Fe, thus causing a significant difference in P:Fe ratio of

the shoots.

It can be concluded that the cultivars of sunflower used in this experiment could
utilize inorganic F|33+ as well as FeEEDDHA, and the phosphate accumulation or in-
activation did not appear to be a problem. As such the cultivation of sunflower cultivars

tested in this study should not bear any problem with respect to Fe nutrition.
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