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Fundamental Studies of the Chemical Forms of Calcium and their

Metabolisms in the Tree Leaves
Shuzo TATSUMI
Summary

The calcium metabolism in the leaves has been studied by many workers. However,
many unresolved questions in their studies were still remained. Whether calcium is
immobile with little distribution or mobile with a little redistribution from tissues,
in which it has been utilized, still does not resolve up to date.

The chemical forms of calcium salts in the tree leaves and their plant.physiological
metabolisms were discussed in this paper. The obtained results are summarized as
follows.

1. The absorbed calcium45 was separated into five fractions by the following methods.
Ground tissue (fresh matters)
Extracted with water for 2 hours, centrifuged,

reextracted with water four times

Residue Extract : Fraction I
Extracted with 1 N NaCl for 1 hour, (A part of ionic mineral
centrifuged, reextracted with 1 N NaCl compounds in  cellular
three times solution and  organic

salts except calcium
, oxalate)

Residue Extract : Fraction I
Extracted with 2% CHzCOOH for 1 (Calcium pectinate,
hour, centrifuged, reextracted with 2% and calcium protein
CH; COOH three times complexes)

Residue Extract : Fraction I
Extracted with 5% HCI for 1 hour, (Calcium phosphate)
centrifuged, reextracted with 5% HCI
three times

Residue : Fraction V Extract : Fraction N

(Calcium silicate) (Calcium oxalate)

2. Calcium compounds being soluble both in water and 1 N NaCl were separateddy
using of the column and paper partition chromatograph. The water soluble parts
(fraction 1) were furthermore clearly separated into four parts, which were
detected as the high molecular materials (albumines), organic acid I, organic acid I
compounds and free calcium ion, by using of the gel filtrating method (gel sub-
stance : Sephadex G-10, column : 1.5x90c¢m. Pharmacia KK in Sweden). These
compounds were identified as follows : the high molecular materials ;alubumines,
the organic acid 1; calcium citrate and gluconate, the organic acid II ; calcium
malate, fumarate and succinate.

3. Generally, the total calcium 45 (fraction ] —fraction V) was concentrated around
the middle leaves, their petioles, and bark which have the largest accumulated
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calcium. The organic acid 1 was distinctively increased in the parts of the middle
léaves and the higher. ‘

4. Fraction ] was increased in the old tissues of lower leaves and in the new tissues
of the petioles of upper leaves and bark. A large amount of fraction [ and W\
were detected in the new tissues of upper leaves and the old tissueé of the bark.
From a result in upper leaves that a larger amount of traction Il was detected
in the woody plants rather than the herbaceous plants, it was supposed that the
quantitative difference might be based on one of the physiological characteristics
of the woody plants in this fraction. In the petioles, the large amount of the
fraction I accompanied with a small fraction of Ml and N was detected.

5. A larger amount of the organic acid fraction was detected in  the leaves rather
than the other organs. The amount of organic acid' I was rich in the old tissues,
while the organic acid I was rich in the new tissues. The high molecular
materials was accumulated in the new tissues, and the free calcium ion was in
the old tissues.

6. The calcium~albumine complex in fraction I was detected mainly in the new
tissues of the tree. In the leaves, fraction I was a few percents of the total
calcium45, while it was about 209% in the petioles.

7. From the experiment of the mobility of the absorbed calcium45 in the leaves, the
following results were obtined.

Fraction I : The organic acid Il was accumulated in the upper part of tree
(ffom the highest accumulated calcium leaves in middle leaves to the upper leaves),
while the free calcium ion was accumulated in the lower leaves and the top
leaves. In the leaves, the calcium salts of organic acid were turned over to the
free calcium ion with the advance of the tree growth stage. In the petioles and
bark, a large amount of the organic acid fraction was abundantly detected in the
water soluble fraction (fraction 1). Especially, in the petioles, this organic acid

fraction was distributed with the same pattern as that in the leaves.
Fraction I and IV: In the upper leaves, the absorbed calcium4s was actively
turned over both to fraction Il and fo IV with the advance of the growth stage.

These fractions were increased near constant value in mature stage.

8. The diurnal variations of fractionated calcium.

I. In the leaves, total calcium was increased in the midnight and decreased in
the daytime, In the fractionated calcium, fraction I was decreased in the
midnight, contrarily fraction I was increased. Fraction Il and IV were not
affected by the diurnal variations.

[I. In the barks, total calcium was decreased in the midnight and increased in
the daytime. In the fractionated” calcium, fraction T was increased in the
midnight, contrarily fraction I was decreased.

II. In the wooden parts, calcium content was not affected by the diurnal
variations.

IV. Summarizing the above results, it" was presumed that calcium was moved
alternately from leaves to barks and also moved from fraction I both to
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V.

fraction I and to I, with the diurnal variations.
In the water soluble part (fraction 1), the organic acid I and I were in-
creased clearly in the daytime.

9. The variation of the fractionated calcium caused of the lighting treatment.

10.

I.

II.

.

V.

V.

In the leaves : Fraction ] was increased in the light exposuring and cont-

rarily decreased in the light shielding. Fraction Il was decreased in the light

exposuring and on the contrary it was increased in the light shielding. Both

fraction Il and IV were not shown any noticeable changes by these treatments.

Both in the petioles and in barks, the fractionated calcium was not shown

any noticeable changes in these experiments.

The movement of the total calcium : In the leaves, the total calcium was

decreased by the light exposuring and increased by the light shielding. In the

petioles and barks, it was increased by the light exposuring and decreased

by the light shielding. In the wooden parts, no noticeable changes were found,

unlike those in the leaves, petioles and barks.

The variation of the fraction I caused of the lighting treatment.

a. High molecular materials and organic acid I in the leaves were decreased
by the light shielding.

b. Organic acid Il was decreased in the old leaves, but it was increased in
the new leaves by the light shielding.

In the leaves and bark, calcium 45was absorbed more abundantly by 12000

Lux than 200 Lux lighting. However, in the wooden part, there were no

significant differences between both treatments.

Effect of the temperature variation on the fractionated calcium.

I.

II.

.

IV.

In the leaves and park, calcium 45 was absorbed more abundantly at 30°C
temp. as the treated periods elongated. But, in the wooden part, calcium ab-
sorption was no significant differences between 30°C and 10°C treatment.
In the leaves, the absorbed calcium was not turned over to many fractions
at 10°C temp..This indicated that the metabolic activity in these leaves was
in low level at 10°C temp..It was suggested that the calcium translocated
into the leaves both via the bark and via petioles was probably affected
with not only low temperature but also the metabolic activity in these leaves.
In the leaves, the absorbed calcium was changed more actively from fraction
I to fraction II. The translocated calcium in these parts was varied more
actively in the upper leaves or top than in the other parts as the periods eic
longated. As these results, it was presumed that the degree of the metabol-
activity was probably estimated by the variation of water soluble and 1 N
NaCl soluble part as the periods elongated. In the upper leaves or top, the
metabolic activity was much greater than that in the other parts.

In the petioles and the bark, the absorbed calcium was separated into five
fraction by the same method as that in the leaves. Fraction I and I were
about 80% of the total calcium, and the translocated calcium was changed

more actively to the part of tree. It was also observed that the absorbed



calcium was turned over to many fractions more actively at 30°C than 10°C

temp. .

The variation of fracton ] caused of the temperature treatment.

a. Organic acid II in the old leaves was decreased as the period elongated
after transfering tree from 30°C to 20°C. While, in the new leaves,
organic acid I was increased. It was a noticeable result that only organic

acid I was detected in the old leaves at 2 weeks after

transfering tree
from 30°C to 20°C.

b. Free calcium ion in the old leaves was increased as the period elongated.
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