(13) Jofte, J. D., Agr. Chem. 10, No. 3,
36 (1955).

(14) Kubota, J., Berger, K. C., Truog,
E., Soil Sei. Soc. Am. Proc. 13, 130
(1949).

(15) McHargue, J. S., Calfree, R. K.,
Plant Physiol. 8, 305 (1933).

(16) Morey, G. W., “The Properties of
Glass,” pp. 106-7, American Chemical
Society Monograph Series, Reinhold,
New York, 1938.

(17) Muckenhirn, R. JI., J. A4Am. Soc.
Agron. 28, 824 (1936).

(18) Naftel, J. A., Fajans, E. W., J.
Assoc. Offic. Agr. Chemists 37, 537
(1954).

(19) Page, N. R., Cooper, H. P., J.
Agr. Foop CueM. 3, 222 (1955).

(20) Page, N. R., Paden, W. R., Agron.
J. 46, 337 (1954).

(21) Page, N. R., Paden, W. R., Soi/ Sci.
Soc. Am. Proc. 14, 253 (1950).

(22) Schaal, R. B., Farm Chem. 119, 41
(1956).

(23) Schreiner, O., Brown, B. E,,
Skinner, J. J., Shapovalov, M., Bur.
Plant Ind., U. S. Dept. Agr., Circ. 84,
1-35 (1920).

(24) Skinner, J. J., Allison, F. E., J.
Agr. Research 23, 433 (1923).

(25) Stewart, F. B., Axley, J. H., Agron.
J. 48, 259 (1956).

CHELATES FOR MICRONUTRIENTS

Properties of Chelates and Their Use in

Crop Production

(26) Vana, C. A., DiGeronimo, G. E.,
U. S. Patent 2,732,290 (Jan. 24, 1956).

(27) Wear, J. 1., Alabama Polytech. Inst.
Bull. 305, 3 (March 1957).

(28) Wear, J. 1., Wilson, C. M., Soil Sci.
Soc. Am. Proc. 18, 425 (1954).

(29) Winsor, H. W., Soil Si. 69, 321
(1950).

(30) Wynd, F. L., Stromme, E. R,
Lloydia 14, 40 (1951).

Received  for review September 25, 1961,
Accepted  January 30, 71962. Division of
Fertilizer and Soil Chemistrv, 140th Meeting,
ACS, Chicago, Ill., September 1967.

J. C. BROWN and L. O. TIFFIN

U.S. Department of Agriculture,
Beltsville, Md.

Precipitated iron may serve as a reserve iron supply for plants but a mechanism is required

for making it available to plants.

Synthetic chelating agents have been used effectively to

extract iron from soils or as iron chelate to keep iron in a soluble form in growth media.

The apparent stability of iron chelates differs.

The capacity of plants to absorb iron from

iron chelate depends upon the kind and concentration of chelating agent, concentration

of iron, plant species, and for some plants, whether the plant is green or chlorotic.
Hawkeye soybeans differentially absorbed iron and chelating agent.

Chlorotic
Iron supplied to

chlorotic Hawkeye soybeans at 2 X 107°M FeEDDHA appeared in the stem exudate as

Fe malate.

Roots and chelating agents compete for the iron in a nutrient solution.

Roots which compete most effectively appear to have a reductive process, which affects

the stability or availability of iron at the root.

The factors which affect the availability

of iron may or may not be a part of the actual absorption mechanism.

MoNG the important functions of
metal ions in biological systems
is their action as cofactors in enzyme
systems. The microelements are par-
ticularly important and an adequate
available supply is necessary for plant
growth and development. Most micro-
elements will hydrolyze and precipitate
at pH 6, if they are not carried as chelate
compounds. This is particularly true
of iron. Agriculturally, there has long
been a need for a soluble or available
source of iron for plant growth.
Synthetic iron chelates have been
used effectively to keep iron soluble and
available for plant growth (8, 73, 78, 27.
22, 30). Four synthetic chelates are
discussed — ethylenediaminetetraacetic
acid (EDTA), diethylenetriaminepenta-
acetic acid (DTPA), cyclohexanedi-
aminetetraacetic acid (CDTA), and
ethylenediaminedi(o - hydroxyphenvlace-
tic acid) (EDDHA).

Properties of Chelates

The apparent stability constants for
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FeEDTA, FeCDTA. FeDTPA, and
FeEDDHA are 24.8, 29.3 (7), 27.9, and
30 (77), respectively. FeEDDHA is the
most stable of the iron chelates.
EDDHA, accordingly, would be expected
to be the most competitive for iron
in a growth medium. The capacity of
EDDHA to chelate iron was determined
in a nutrient solution containing variable
concentrations of EDTA, DTPA, and
CDTA as competitive chelating agents
(6). The competitive chelating agents
were equilibrated at pH 6.5 for 1 hour
with a complete nutrient solution con-
taining either 2 X 1075Af or 4 X 10780
of Fe added as FeCl;, EDTA, DTPA,
and CDTA were supplied at 0.16, 0.5,
1,2,4,6,12, 18, or 36 X 1075M concen-
trations. After equilibration, 2 X 1072M
EDDHA was added to each of the nu-
trient solutions, and the FeEDDHA
(Figure 1) concentration was deter-
mined colorimetrically at varied inter-
vals with final measurements made after
30 days (6).

The chelating capacity of EDDHA de-
creased sharply when the concentration
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of each competing chelating agent
reached 2 X 1075M: EDTA < DTPA <
CDTA. By increasing the Fe concentra-
tion to 4 X 1073M, 2 X 1073M EDDHA
competed for Fe successfully with 2 X
1075M EDTA, DTPA, and CDTA. In
this case, there was sufficient iron for
both EDDHA and the competing agent.
An increase in concentration of EDTA,
DTPA, or CDTA to 4 X 1073M sharply
decreased the amount of Fe chelated as
FeEDDHA. The effectiveness of the
competitors was related to the stability
of their iron chelates: FeEDTA <
FeDTPA < FeCDTA. Thus, chelating
capacity of EDDHA is dependent upon
both the concentration of the Fe and
the competitive chelating agent in solu-
tion. Absorption of iron by roots may
likewise be dependent upon both the
concentration of the Fe and the compet-
ing ligands in solution.

Use of Chelates

The above chelating agents can be
used to extract iron from soils. The












