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a small reserve of iron within the eutting as a carryover from the control
solution containing iron that was used prior to starting the present
experiment. As the leaves increased in size, they became more and more
yellowish or chlorotic, the apex of each leaf remaining green the longest.
In such cultures the omission of iron has caused the leaves to pass
through all of the stages of chlorosis to that of albescence. It is of con-
siderable importance to note that the omission of iron, while bringing
about chlorosis and albescence, has not caused mottle-leaf.

Symptoms of Manganese and Iron Deficiencies When Calcium 1s
Supplied as Calcium Sulfate—If the manganese and iron are both
withheld from sand culture of orange trees that have calcium sulfate as
their source of calcium, leaves such as those shown in plate 4, figure 2
may be produced. There is an indication of mottling, and in addition
the leaves are covered with numerous yellow spots. Subsequent leaves
produced may be chlorotic. The spotting appears to be a result of the
decreasing manganese available. The mottling may be a composite re-
sult of high-sulfate, low-calcium solubility, and a reduced iron supply;
it resembles the mottling in lemon leaves on trees grown in sand cul-
tures supplied with iron and manganese but with calecium sulfate as the
source of calecium, whereas the leaves are healthy with caleium nitrate
as the source of calcium (Haas and Thomas®). Orange trees in sand
cultures from which iron alone was omitted simply became more yellow,
indicating chlorosis. This was confirmed with cuttings in water culture
from which iron was omitted. In qualitatively testing the precipitating
‘power of solutions of the various salts used in Hoagland’s solution, it
was found that not only phosphates but also sulfates rapidly remove
iron from an iron nitrate solution.

SUMMARY

Manganese is necessary for the healthy growth of citrus cuttings in
solution cultures.

Although citrus leaves become yellowish green or chlorotic when
manganese is deficient, they do not mottle.

Gum or resinous spots oceur on either or both sides of the leaves,
their number at first being greatest along the base of the midrib. Oil
glands in the leaves show no effect from such a deficiency.

Manganese-deficient leaves in acute stages absciss prematurely and
the shoots die back. Such shoots may show a resinous excrescence or
gum pockets from which gum may be exuded.

The roots remain healthy in appearance even though manganese is
deficient for top growth. This may be because the roots have the first
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opportunity to absorb manganese and do not surrender any consider-
able part of it to the leaves during a manganese-deficiency period. The
quick response of the growth of new green leaves upon adding small
concentrations of manganese to the culture solution may be due to the
healthy condition of roots in manganése-deficient cultures.

Excessive concentrations of manganese also bring about chlorosis
even though iron is added to the culture solution in similarly large
amounts.

Iron is essential for healthy growth in citrus;-a deficiency brings
about chlorosis. When manganese is deficient in citrus leaves, in most
cases less iron appears to be accumulated in the leaves. Mottle-leaf of
citrus has not been shown to be a result of iron deficiency. Manganese
cannot take the place of iron, and conversely iron cannot take the place
of manganese. Most, if not all, compounds of iron contain manganese
as an impurity. This fact must be considered in any study of manganese
deficiency.
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