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Abstract. ‘Red Prince Delicious’ apples/‘M
7’ rootstocks, growing in sand culture and
receiving %3, 5 or 50 ppm Mn, developed
internal bark necrosis (IBN), and an
Fe-deficiency chlorosis in its severest
expression, at the highest level of Mn supply.
Fe was as high in leaves of chlorotic as in
those of non-chlorotic plants, but the
chlorosis was cleared up by increasing the Fe
supply.

Ground twigs showed a brownish
coloration which had a max reflectance at
700 mu. Differences in coloration were
correlated with the Mn supply, the severity of
IBN symptoms and the Mn/Fe ratio in the
leaves and bark, but not with the Mn/Fe ratio
in the ground twigs.

Several investigators, in studying IBN
of the ‘Delicious’ apple, have reported
abnormalities of young leaves of trees
supplied with high amounts of Mn. Berg
and Clulo (2) characterized the
symptoms as Mn toxicity, but did not
describe them. They stated that the
“intensity varied with the concn [of
Mn] used.” Shannon (11) referred to
the symptoms as an ‘interveinal
chlorosis characteristic of iron
deficiency.” The authors, in a previous
report (12), noted the same
phenomenon at all levels of Mn supply,
but increasing in frequency of
occurrence and severity with increasing
Mn concn in the nutrient supply. They
regarded it as being a typical iron
deficiency symptom. However, no one
seems to have examined Fe levels in
detail, or Mn-Fe relationships in apple
plant parts, in relation to Mn level of
supply and the occurrence of IBN.

This paper is a report of the Fe level
and Fe/Mn ratio in plant parts of ‘Red
Prince Delicious’ apple trees used in
studying 54Mn distribution in relation
to IBN. A detailed description of the
manner of conducting the experiment
was presented in the earlier paper (12).

In brief, ‘Red Prince Delicious’/'M 7’
trees were grown in sand culture and
supplied with nutrient solutions
containing %, 5 or 50 ppm Mn. Fe was
supplied as NaFe DTPA to provide 6
ppm Fe. At monthly intervals the sand
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was flushed with tap water and fresh
nutrient solution placed in the reservoir
for each tree.

Periodically, laterals, or tips, were
removed to limit growth of the trees to
that suitable for the greenhouse area
available for the experiment. Before
growth resumed the 2nd and 3rd
seasons (1968 and 1969), the previous
season’s growth was cut back to 38 cm.

At irregular intervals bark patches
were removed from the trees of a
different one of the 12 replicates for Mn
and Fe analyses. Leaves, shoots and
twigs were also sampled 8 months after
the initiation of the experiment.

Twigs were ground in a CRC Micro
Mill. Color differences observed
between ground twig samples were
characterized at a wavelength of 700 mu
with a reflectance attachment for a
“Spectronic 20 colorimeter.

All of the leaf, shoot and twig
samples for chemical analyses were
ashed in a muffle furnace at 550°C.,
dissolved in concd HNO3, and diluted
to volume. Mn and Fe were determined
on a Perkin-Elmer 303 Atomic
Absorption Spectrophotometer.

The chlorosis of young leaves
mentioned earlier occurred in 17, 58
and 91%, respectively, of trees grown at
the %, S and 50 ppm levels of Mn
supply. Severity of the chlorosis was not
estimated for individual trees but was
less severe with respect to loss of green
color and no. of leaves affected at the
lower levels of Mn supply. Chlorotic, tip
leaves sampled in Nov. 1968, had an Fe
concn of 62 ppm No comparable
non-chlorotic tip leaves were obtained,
but analysis of non-chlorotic mid-shoot
leaves obtained at the same time showed
the same concn of iron. Several
investigators (5, 6, 7, 10, 13) have
found young, or tip leaves, of several
tree fruits to contain a lower concn of
Fe than mid-shoot leaves. Since, in this
case, tip leaves, though chlorotic,
contained the same concn of Fe as

mid-shoot leaves, they were not
quantitatively deficient in Fe.

Further, analyses of a composite of
all leaves, chlorotic and non-chlorotic,
on shoots at the time of cutting back
prior to the 3rd season of growth
(1969) showed concn of Fe to be
virtually the same in samples which
contained chlorotic leaves and those
which did not (Table 1). Both were
somewhat below the range considered
normal for apple leaves, but above a
deficiency range (15). The Mn concn
and the Mn/Fe ratio were considerably
higher in the former sample.

It is not uncommon to find the Fe
level to be the same, or unrelated to
plant condition, in leaves of various
plants considered normal compared
with those showing Fe deficiency
symptoms (1, 3, 4, 8,9, 14).

That the chlorosis is a functional iron
deficiency in this case, however, is
shown by the occurrence of greening
when the Fe supply was increased
10-fold without altering the Mn supply.
However, it is not known whether this
was the minimum required to effect the
correction. Hence, it seems more
meaningful to delineate the situation in
terms of a Mn/Fe ratio rather than Mn
level alone.

Fe concn was influenced by the level
of Mn supply only in the twigs, being
higher at the intermediafe (5 ppm) level
of supply. These data are not shown in
tabular form. The Mn/Fe ratio was
higher in all tissues at the highest (50
ppm) level of Mn supply (Table 2),
reflecting the dominating effect of the
level of Mn in the tissue in determining
the ratio.

In bark patches the Mn/Fe ratio
varied with time (Fig. 1) as well as with
the level of Mn supply. The sharp rise
from the 8th to the 10th month (50
ppm treatment) coincides with the
initiation of a new flush of growth
following the cutback of shoots early in
1969. It was subsequent to the
appearance of morphological symptoms
of IBN and considerably subsequent to
the appearance of “islands” of Mn
concn in the tissue. The decline in the
Mn/Fe ratio after the 10th month
suggests a degree of regulation by the
uncontrolled environment, or the plant,
over the ratio, since the Mn, Fe and
moisture supplies were kept relatively
constant.

Table 1. Comparison of the concn of Fe and Mn and the Mn/Fe ratio of chloroticZ vs. green
leaves. Composites were made without regard to Mn supply. Samples taken at beginning of

3rd season of growth (1969).

Fe deficiency

symptoms Mn (ppm) Fe (ppm) Mn/Fe ratio¥
No 128 71 2.32
Yes 460 72 19.79

ZBecause of a paucity of leaves, ‘“‘chlorotic’’ samples contained some green leaves.
YMn/Fe ratios are averages of ratios for individual samples and are not calculated from Mn and

Fe averages.

HORTSCIENCE, VOL. 7(5), OCTOBER 1972

/O’ #7/PU-ou-Aq/sasua9l|/610 suowooaAlealo//:sdny (/0" ¥/pu-ou-Ag/sesual|/Bio’suowwooaAnealo//:sdiy) asuaol|
AN-DON-A9 DD 8y} Jepun pajnquisip aoiie ssaooe uado ue S| SiYy] 'sS999y uadQ BIA GO-/0-GZ0Z 18 /wod Aiojoeignd pold-swid-yiewlsiem-jpd-swid//:sdiy wouy papeojumoq



Table 2. Mn/Fe ratio in leaves, twigs and bark 12 Table 3. Reflectance of light? at 700 mu from

of ‘Red Prince Delicious’ apple trees sup- ground twigs taken at the cutback prior to t
plied with ', 5 or 50 ppm Mn in the 104 I I the second season’s growth of ‘Red Prince
nutrient solution. § L90 08 Of Delicious’ trees.
Mn . . 8 Mn (ppm) in
concn Mn/Fe ratio nutrient solution Reflectance (%)
(ppm) Leaves Twigs Bark patches s L 500
2 - Va 71.3
Ya 2.0 4.4 0.4 N 5 72.3
5 2.8 9.6 0.6 3 50 64.5
50 29.6 77.7 4.6 2 Soppm
LSD 5% 16.7 52.3 0.9 OSopm LSD 1% 2.9
[o)

2 4 6 8 10 12 14 16

ZA low “% reflectance” is associated with a
TIME OF SAMPLING (MONTHS AFTER INITIATION)

dark color of ground twig tissue and vice ver-

Rusty discolorations were often sa.

Fig. 1. Mn/Fe ratio of bark patches removed

observed on the surface of the wood of at indicated time, from ‘Red Prince
trees supplied with 50 ppm Mn when Delicious’/M 7’ apple trees, growing in . .
bark palt)ghes were rem:ved Figure 2 sand culture and supplied with nutrient Literature Cited
N A f luti taining %, 5 Mn. ; ;
shows one such longitudinally-oriented solutions containing %2, 5 or 50 ppm Mn 1. Allyn, W. F. 1927. The relation of lime to
the absorption of iron by plants. Proc.
streak. ) Indiana Acad. Sci. 43:405-409.

When twigs taken at the cutback 2. Berg, A., and Genevieve Clulo. 1946. The
preceding the 2nd season’s growth were  Fe-deficiency accompanies the relation of manganese to internal bark
ground, differences in color varying occurrence of IBN in ‘Red Prince ; (SFO0 0{ a‘;‘:"fi’ f""(e)”cec ;3:;2651'323-
from off-white to “toast” brown were Delicious’ resulting from an increasing " Causes of lime-induced chlorosis and
observed. These color differences were  supply of Mn. The chlorosis was cleared availability of iron in the soil. J. Agr.
related to the level of supply of Mn as up by increasing the Fe supply without Research 20:33-62. .
determined by reflectance values at 700  increasing the supply of Mn. 4. zlalfjgétxl. S\;vi t1h9 Sﬁ}mlﬁiﬁ’é’fclzsc‘l" ‘;ﬁlgi*:)‘;g
mu. Samples from trees receiving 50 The chlorosis is not associated with a (calciose) III. Mineral elements. Plant and
ppm Mn were darker than samples from  lower level of leaf Fe, but with a higher Soil 4(1):11-28.
trees at the 2 lower levels of supply level of Mn and so a larger Mn/Fe ratio. 5. %Vabgnai’llsl:as, (31-9!;; “S/ w. J(}neﬁ, and T.

. mopileton. . Oeasonal changes in
(Table 3).' s . Althqugh t,he phenomenon can be concentrations of micronutrients (zinc,

A highly significant correlation explained in terms (?f Mn alone, copper, boron, manganese, and iron) in
coefficient (-0.783) between the expressing the relationship as the Mn/Fe leaves of Washington Navel orange. Proc.
severity of IBN and the reflectance of ratio emphasizes what appears to be a Amer. Soc. Hort. SSCIZ 74:300-307. .
light at 700 mu from ground tissue quantitative Mn/qualitative Fe situation, ~ - Mason, A. C. 1958. The concentrations o

e . N . certain nutrient elements in apple leaves
suggests the p0851b1.11ty that. the cplor of Differences in color'of ground twig taken from different positions on the
ground ‘Red Delicious’ twigs might be tissue are associated with the level of shoot and at different dates through the
developed as an index to predict the supply of Mn and with the concn of Mn growing ;eason- J. Hort. Seci.
likelihood that trees in the field would in bark and leaves, but not with the 7 13\430(&)‘;:[:81 8(‘: and W. L. Lott. 1956
develop external visual symptoms of concn in the twigs themselves. T_he Mineral nutrient composition of peach
IBN. It has not been determined, differences are similarly correlated with leaves as affected by leaf age and position
however, that the color change precedes  Mn/Fe ratios. ;ﬂd th; pr;;er;:eSOf 637 flnln3t lczrgp. Proc.

mer. Soc. ort. dcl. : - .
the occurrence of external IBN 8. Milad, Y. 1924. The distribution of iron
symptoms. in chlorotic pear trees. Proc. Amer. Soc.

The ground twig color was not
associated with the twig concn of Mn,
Fe, or the Mn/Fe ratio.

Highly significant correlation
coefficients of -0.583 and -0.601,
respectively, were calculated between
ground twig color and bark Mn concn
and twig color and bark Mn/Fe ratio.
This indicates that the color quality of
ground twig tissue was a good indicator
of both Mn concn and Mn/Fe ratio in
the bark. This is also true for leaf Mn
and Mn/Fe ratio. The correlation
coefficients were -0.614 and -0.433,
respectively; the former was highly
significant. That these correlation
coefficients are larger than those
between the color and Mn concn, or
Mn/Fe ratio, in the twigs themselves
may have been due to the high % of
wood in the ground twig sample.
Earlier, we have shown (16) that the
wood contains a lower concn of Mn
than the bark, and that they do not
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invariably parallel each other in changes p. 34.
in concn, or in the relationship of their Fig. 2. Exposed wood showing rusty 16. Zeiger, D. C., and J. E. Shelton. 1969.
t’ li ti discolored streak associated with 50 ppm Seasonal distribution of manganese in
concn at any sampling time. o Mn in nutrient solution supplied to ‘Red leaves and shoots of Red Delicious apple
Our data and observations indicate Prince Delicious’ apple trees growing in trees showing internal bark necrosis
that a terminal leaf chlorosis typical of sand culture. (IBN). HortScience 4:213-215,
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