
BOLL-PYRIDOXIN AS A GROWTH FACTOR

should be noted that the stimulation of growth, par-
ticularly of lateral growtth, on the addition of niacin
to the thiamin-pyri(loxin medium indicates that
niacin may exert an effect on growth which is not due
to any "sparing" action on vitamin B6.

It is evidlent that the data obtained so far on the
replacement of pyridoxin by glycine, on the synergis-
tic effect of glycine plus niacin in basal medium plus
glycine and niacin, Ind the synergistic effect of gly-
cine plus l)yridoxin in basal imedium plus thiamin,
pyridloxin, niacin, an(d glycine, denmonstrate a connec-
tion between vitamin B6 and glycine or niacin in the
clone of excise(l tom11ato roots studied here. The
metabolic basis of this connection is being examined
1w- ainalytical and fturther nutritional studies.

SUNIMARY
The clone of excised tomato roots studiecl here re-

quires thiamin, pyridoxin, and niacin for "optimal"
growth but can be imiaintained in a medium supple-
mentecl only with thiamin and pyridoxin. Pyridoxin
was replaceable by pvridoxal or pyridoxamine. The
order of activity was pyridoxal > pyridoxin > pyri-
doxamine. Niacin was replaceable by niacinamide.
Niacinamidle wa(1s, in general, the more active.

Pv-ridoxin could be replaced in part by glycine.
This replacement was greater in the presence than in
the absence of niacin. In basal medium plus thiamin,
pvridoxin, and niacin, the addition of glycine at cer-
tain concentrations of pyridoxin increased level of
growth to that obtained with "optimal" concentra-
tion of pyridoxin.

AMorphogenetic effects of glycine and pyridoxin
were similar although glycine appeared to exert an
independent effect upon the initiation of laterals.
Root morphology was controlled by the balance of
growth factors supplied in the medium.
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STUDIES ON THE CHEMISTRY OF THE LIVING BARK OF THE BLACK LOCUST
IN RELATION TO ITS FROST HARDINESS. VII. A POSSIBLE DIRECT

EFFECT OF STARCH ON THE SUSCEPTIBILITY OF
PLANTS TO FREEZING INJURY1 2
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Under conditions of low autumnal temperatures
not far removed from the freezing point, an increase
in the frost hardliness of plants is often observed
which is accompanied by a disappearance of the
stareh and an increase in the soluble sugar contents
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of the perennial tissues. This response is wvell ex-
emplified in the seasonal changes in the living bark
tissue of the black locust tree during late fall (8).
It is not surprising that much of the extensive litera-
ture on frost hardiness in plants is devoted to a con-
sideration of the extent to which this apparent con-
version of starch to sugars may be involved in the
actual frost-hardening mechanism. Of the many
theories advanced in this regard, nearly all have
ascribed the effect to the increase in concentration of
the sugars which are prodlueed. Theories of frost
hardiness based wholly or in part on the effect of in-
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creased sugar concentration seem attractive from the
physico-chemical point of view because of the rela-
tion of sugar concentration to a lowering of the
freezing point of the cell contents or to a possible
stabilizing or protective effect on cell colloids. These
theories and the evidence in support of them have
been discussed in recent reviews on frost hardiness
(3, 4). As a first step in the appraisal of the possi-
ble role of soluble sugars in hardiness, it would ap-
pear that the degree of correlation between the solu-
ble sugar concentration in the cell and the hardiness
of the tissue would have been thoroughly examined.
If sugar concentration were an important factor in
frost hardiness, a positive correlation between these
factors would be maintained and observed at all
times and under all conditions. Yet when this rela-
tionship was examined in the cells of the bark of the
black locust under seasonal as well as unseasonal
conditions (5) such a positive correlation was not
observed. A similar lack of correlation between the
hardiness and the sugar content or the osmotic pres-
sure of the tissues of other plants is reported gen-
erally in the literature (1, 2, 3).

Regardless of whether sugar concentration is a
factor in the frost hardening mechanism, a possible
direct effect of the elimination of starch from the
cells on their frost hardiness has been either over-
looked or discounted. Indeed Levitt (3), after ex-
amining the controversial evidence pertaining to the
relation of soluble sugars to hardiness and the effect
of starch to sugar transformations on hardiness,
poses the question, "might not the presence of starch
be harmful rather than the presence of sugars bene-
ficial?" The possible injurious effects of starch con-
tained in cells of tissues when they are frozen and,
conversely, the beneficial effects which would be de-
rived, if such an injurious effect exists, from the prior
transformation of this starch to sugar, should have
been suspected in view of the recent evidence of the
mechanical nature of frost injury (4).

A deleterious effect of starch on cell hardiness be-
came increasingly suspect in the course of studies on
other aspects of the chemistry of the hardiness
mechanism in the black locust when it was noted in-
cidentally that a definite measure of increased hardi-
ness consistently accompanied any considerable de-
crease in the starch content of the bark cells of this
tree as determined by iodine staining of tissue slices.
An investigation was therefore undertaken to ex-
amine more closely the relationship between the vari-
ations in the carbohydrates of the black locust and
its frost hardiness, with special reference to the role
of starch. A part of this study, describing analyti-
cally determined variations in the starch and soluble
sugar contents of locust bark tissue under a variety
of seasonal and unseasonal conditions in normal and
ringed trees and in cut logs, has been presented
earlier (8). The present paper is concerned with the
relationship of these variations in the carbohydrates
to the variations which were observed at the same
time in the hardiness of this tissue.

METHODS AND RESULTS
The analytical procedures employed in the esti-

mation of sugars, starch, and water soluble protein
contents of the bark tissues are those described ear-
lier (7, 8). Frost hardiness of the tissues was meas-
ured by the plasmolysis test (6) and is reported
either in terms of the highest molarity of salt solu-
tions (NaCl : CaCl2:: 9: 1) to which the tissue could
be subjected before experiencing a 50 % killing of
the cells, or in terms of the percentage survival of
the cells when the tissues were subjected to salt solu-
tions of varying molarity.

Variations in the hardiness of locust bark tissue
have been shown to be associated principally with
changes in the water soluble protein content of the
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FIG. 1. Total sugar content (--- +----) and degree
of hardiness (---0 - - -) of living bark tissues at vari-
ous times during summer. Hardiness measured as mo-
larity (M) of salt solutions required to effect 50% kill-
ing of cells in plasmolysis. Sugar content (S) measured
as % of dry weight of tissue. Abscissa indicates dates
(May to September, inclusive) at which samples were
taken.

cells (7). In order to detect any limiting relation-
ship which might exist between hardiness and the
starch or sugar content of the cells it is necessary,
therefore, that concomitant variations in their water
soluble protein content be taken into account.

SOLUBLE SUGAR CONTENT VERSUS HARDINESS OF
BARK CELLS: Several lines of evidence have been ob-
tained which indicate that no primary relationship
exists between the soluble sugar content of a locust
bark cell and its hardiness. For example, when the
courses of the normal variations in the total soluble
sugars and in the frost hardiness of the bark of in-
tact trees are followed simultaneously throughout the
summer season, results such as those illustrated in
figure 1 are obtained. It is evident that the amount
of soluble sugars existing in the bark tissues at any
time bears little, if any, relationship to its frost
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hardiness at that time. In late spring the hardiness
which existed previously in winter is still decreasing
while the sugars have already passed a minimum and
begun to accumulate. The sugars continue to in-
crease steadily and progressively throughout June
and July while hardiness passes through the mini-
mum for the year. Fairly high levels of soluble
sugars are reached in July, long before the hardiness
for the following winter has begun to develop. It
has already been shown (5, 7) that the trends ex-

hibited here in hardiness follow closely the trends in
the concentration of water soluble protein. In early
spring, hardiness is slow to disappear in the bark.
It does so in proportion to the extent to which the
winter accumulation of water soluble protein dis-
appears. Yet appreciable depletion of soluble sugars
occurs very early in the spring by virtue of the ap-
parent conversion of these sugars to starch (8) and
by respiration. For these reasons the level of solu-
ble sugars in the tissues in early MIay is much the
same as in late July although the hardiness of the
bark in May is much greater. A comparison of May
and July bark tissues in these respects as well as in

TABLE I
THE RELATION OF SOLUBLE SUGAR, STARCH, AND WATER
SOLUBLE PROTEIN CONCENTRATION TO FROST HARDINESS IN

THE BARK OF NORMAL TREES IN JULY AND MAY

% DRY WEIGHT MOLARITY OF

PLASMOLYZING

DATE WATER ~~~~~SOLUTIONDATE SG R SOLUBLE WTER REQJUIR
SUGAR

PROTEIN N FOR 50 %

INJURY

July 25 6.8 1.2 0.58 1
May 15 6.3 5.8 1.00 4

respect to the water soluble proteins and starch is
shown in table I. But for the considerable accumu-

lation of starch in the May tissues it is probable that
their hardiness differences would be even greater.

If a tree is doubly ringed down to the wood in
mid-summer so as to intercept, from above and be-
low, a section of the bark on the trunk, transloca-
tion of carbohydrate to or from this section is ar-
rested. It was shown (7) that if this ringing is per-

formed in mid-summer and the variations in hardi-
ness and soluble sugars are followed simultaneously
in these sections from the time of ringing until early
winter, the level of soluble sugar drops while that of
the hardiness increases, although a degree of hardi-
ness equal to that of normal trees is never reached.
The hardiness tests and carbohydrate analyses made
on such sections consistently indicate that the change
in hardiness and the change in soluble sugars occur

in opposite directions. Table II shows these varia-
tions in two such sections.

Conversely, if a tree is doubly ringed in winter
and the tissues of the section of bark so intercepted
are tested for hardiness and analyzed in June, it is
found that while the soluble sugars in this section

TABLE II
CHANGES OCCURRING IN THE FALL IN THE SOLUBLE
SUGARS, STARCH, WATER SOLUBLE PROTEIN, AND FROST
HARDINESS IN THE BARK OF TRUNK SECTIONS OF Two
TREES INTERCEPTED BY DOUBLE RINGING IN MID-SUMMER

%O DRY WEIGHT MOLARITY

TI~RE DATE OF WATER MOLYZING

No SAMPLING SOLUBLE ST4RHSOLUBLE, SOLUTIO-N
OF SECTION SUJGAR STARCH REQPUIRE

TENN FOR 50
TENN INJURY

Initial section
3-R ringed and 8.3 1.1 0.66 2.5sampled

July 25
Final

3-R Sampled 5.3 0.3 1.05 4.5
Nov. 10
Initial section

4-R ringed and 7.3 1.8 0.55 0.5sampled
Aug. 15
Final

4-R Sampled 4.6 0.3 0.65 2.7
Nov. 15

have been depleted to almost the same extent as in
normal trees at this time, the loss in hardiness is
nmuch less than in the bark of normal trees. This is
illustrated in table III. The unusual retention of
hardiness in June in such winter ringed sections oc-
curs independently of the loss of soluble sugars and
is associated with the retention of a level of water
soluble protein more characteristic of winter tissues
(5). Comparison of the level of sugars existing in
the hardy ringed tissue of June 23 in table III with
that in the normal unhardy tissues of July 25 in
table I further emphasizes the lack of correlation of
soluble sugar content with hardiness. These obser-
vations indicate that it is unlikely that soluble sugar
concentration per se is a primary factor in frost re-

TABLE III
THE RELATION OF SOLUBLE SUGAR, STARCH, AND WATER
SOLUBLE PROTEIN CONCENTRATION TO FROST HARDINESS ON
JUNE 23 IN THE BARK OF A NORMAL TREE AND IN THE
BARK OF A SECIrION OF TRUNK ISOLATED BY RINCING IN

WINTER

% DRY WEIGHT MOLA-ITY

DEscRiP- WATER MOLYZING
DATE DESCRIP- SOLU- WATER SLTODAE

TION
SL

SOLUBLE SOLUTION
BLE STARCH PR-REQUIRED

SUGARS PRO- FOR 50 %
TEN INJURY

Feb. 6 Normal 12-8 0.1 1.29 > 5winter bark
Section of
trunk iso-

June23 lated by 6.4 0.5 1.25 5
ringing in
Feb.

June 23 Normal tree 4.0 0.9 0.57 1.5
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FIG. 2 a and b. Photomicrnographs of iodine-stained
normal locust baik tissue of (a) (left) high and (b)
(right) low starch content.

sistance. Is, then, the aissociation of a measure of in-
crease in hardiness which is observed to accompany
the replacement of starch by soluble sugars in the
tissue purely fortuitous, with both processes occur-

ring independently but at the same time seasonally?
The following considerations and evidence would in-
dlicate that this is not entirely so.

THE EFFECTS OF STARCH ON HARDINESS: Starchl
is observed to occur in considerable quantities in the
bark Cat certain times of the year (8). If, at these
times, tissue sections are cut from the bark an(d
stained with iodine, the characteristic and intense
blue color is given by the large granules of starch
present in the cells. This is illustrated in figure 2a.
The intense staining reaction of such tissues is in
sharp contrast to that given by those tissues which
are completely dexoid of starch (fig 2b). When
starch is present in such high concentration the
granules can occupy at considerable proportion of the
protoplast. When such cells of high starch content
aire placed in strong salt solutions the cells plasmo-
lvze with osmotic redtuction in the solvent space of
the protoplast but with relatively little reduction in
the volume of the insoluble starch granules. The re-

sult is that, with contraction of the protoplast, the
starch granules within it are packed tightly together
and bulge out at its periplhery as shown in figure 3a.
This too is in contrast to the characteristic smooth
indentation or concave plasmolysis of the protoplasts
of cells devoid of starch when these are plasmolyzed
in the same solutions (fi(r 3b). Moreover if the cells
of both tissues were given time to round up in

FIG. 3 a and b. Photomicrographs of plasmolyzed
locust bark tissue (without staining) of (a) (left) high
and (b) (right) low starch content.

smooth, convex p)lasmolysis the volume occupied by
the protoplasts of cells with high starch would, be-
cause of the relative lack of osmotic reduction in the
granule size, be greater than that occupied by the
protoplasts of cells without starch. The dehydrated
andl contracted protoplasm and protoplasmic mem-
brane in the starch-containing cells are not only dis-
torted but stretched irregularly by extension over a
greater area. than in the starch free cell.

Injurious effects produced on bark tissues by the
processes of freezing, desiccation, plasmolysis are es-
sentially similar in that the injury in all cases derives
from the mechanical stresses exerted on the proto-
plasm or the protoplasmic memnbrane as these are
rendered higlhly and even irreversibly deformable by
virtue of the dehydrations (6). The effect of these
stresses on a stiffened or coagulated protop)lasm or
protop)lasmic membrane can be sufficient to cause
rupture, with killing of the cell. As a protective
mechanism against these effects of dehydration, the
physical properties of the proto)lasm of the cells of
plants which are (leveloping hardiness are so altered
as to render the protoplasm less subject to injury
owing either to excessive stresses or to irreversible
changfes in dleform.ability when dehydrated. The ex-
tent to which these favorable properties are acquired
in the development of hardiness in the cells of a
plant becomies, in effect, a measure of what can be
called the intrinsic or real frost hardiness of the
plant, andlprovides the basis for the tests of frost re-
sistance wlhich have been described (6). At any
stage of intrinsic frost hardiness of the protoplasm,
it is conceivable that the presence of a considerable
amount of insoluble starch in frozen, desiccated, or
plasmolyzed cells could exaggerate the mechanical
stresses incurred and enhance the probability of in-
jury. The following evidence tendIs to support this
hypothesis.

The maxiiimum degree of hardiness which can be
atttained in those tissues which are completely devoid
of starch is never observed in tissues where a coml-
siderable accuimulation of starch is present, even
though the soluble sugar or protein concentrations
may be the same in both samples of tissue. Incon-
troversial evidence for this is, however, difficult to
obtain becatuse of the conflicting effects of variations
wzhich usually occur simultaneously in the water
soluble proteins and in the starch. A striking illus-
tration of this effect should hlave been obtained from
the iultiply ringed tree experiments described in a
previous paper (7), where, because of arrested trans-
location, highlaccumulation of starch was observed
to occur in late sumimler in the bark of those sections
of the truink situated above the uppermost rings.
Levels of starch a.<s high as 15 to 20 % of the dry
weight of the tissuc were encotunteredl in Septemnber
in these sections, in contrast to the 5 to 7 % level ob-
serve(l in normal trees at. this time. A comparison
of the hardiness of the bark of these sections with
that of the bark of normal trees should have revealed
considlerable differences in hardiness if starch was ef-
fective in promoting injury. The halrdiness of these
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high starch tissues was indeed found to be lower than
that of tissues of normal trees, as is indicated in
table IV. Unfortunately the effect of ringing was

also to retard the rate of synthesis or accumulation
of protein in these ringed sections, as compared with
normal trees. Consequently it was not possible defi-
nitely to separate, through comparison with normal
trees, the effect of high starch from that due to lack
of a normal synthesis of protein in these sections.

Alternatively, since the starch levels of late sum-

mer become greatly. reduced with the incidence of
lower temperatures in late fall, it would have been
advantageous to follow, in these sections of abnor-
mally high starch content, the corresponding effect
on hardiness. However, here again (table IV) the
synthesis of protein which occurred in these sections
in late fall accompanying the lowering of the starch

TABLE IV
LEvELs, ON SEPTEMBER 21, OF SOLUBLE SUGAR, STARCH,
WATER SOLUBLE PROTEIN, AND FROST HARDINESS IN THE
BARK OF A NORMAL TREE, IN THE BARK OF A SECTION OF

THE TRUNK ABOVE RINGS IN A MULTIPLY RINGED TREE,
AND IN THIS LATTER SECTION IN NOVEMBER AFTER FUR-
THER ISOLATION BY RINGING FROM ABOVE ON SEPTEMBER 21

DRYWEIGHT MOLARITY(/6DRYWEIGHT
DATE DESCRIP- WATER MOLYZING

OF SAM- -SOLU- SOLUTION
TION SOLUBLE

PLING BLE STARCH SOL REQUIRED
SUTGARS TEI N IN R50Yo

INJURY

Sept. 21 Nor mal tr ee 9.1 6.8 0.97 4.5
Section of a

Sept.21 ringed tree 7.0 15.6 0.74 2.5
above rings

Same section
as above,
after having

Nov. 10 been isolated 10.2 3.4 1.07 > 5
by ringing
from above
on Sept. 21

content obsetred the effects due to starch which
might otherwise have been revealed.

In one group of normal trees, conditions existed
in autumn which made possible the direct observa-
tion of the effect of starch disappearance at lower
fall temperatures upon hardiness. In this group the
protein accumulation reached its maximum early in
September, before temperatures became low enough
to stimulate starch disappearance in the tissues.
Thus, while the effect of starch upon hardiness could
not be shown to best advantage, because the starch
variations are not as considerable in normal as in
ringed trees, the effect was rendered more discernible
in the absence of any significant change in protein.
The results of a comparison in tissues from one such
tree are shown in table V. Neither the differences in
the soluble sugar level nor in the protein level will
serve adequately to explain the hardiness changes in-
dicated between these samples. These differences in

TABLE V
CHANGES IN SOLUBLE SUGARS, STARCH. WNATER SOLUBLE
PROTEIN, AND HARDINESS OCCURRING FROM SEPTEMBER TO

MARCH IN THE BARK OF THE SAME TREE

% SURVIVAL AT

'7C DRY WEIGHT VARIOUS MOLARITIES
OF PLASMOLYZING

DATE SOLUTION
OF SAM-
PLING SOLU- WATER

SoLU- PR.OL5LMBLE STARCH OUL 3M 4M 5M
SUGARS

PRO-
TEIN N

Sept. 29 11.5 6.0 1.06 100 60 10
MarcIh 3 10.0 0.1 1.11 100 100 100

hardiness seem accountable only in teriis of the vari-
ation shown in the starch level and are probably
greater than is actually indicated, because 100 %
survival at the highest concentration of plasmoly zing
solution used (5 M) does not always include the full
potential of resistance of a tissue to freezing (6).

Other evidences of an effect of starch on har(li-
ness are adduced from observations made in the
spring of the year. An increase in starch content oc-
curs in the bark in spring at the expense of soluble
sugars and in response to increases in the average
daily temperature (8). During this time (lMarch to
June), fluctuations in hardiness were observed to co-
incide with fluctuations in starch content even
though there was little variation in soluble protein-
the hardiness decreasing with increasing starch con-
centration. With persisting higher temperatures at
the end of May, there occurred a pronounce(l in-
crease in the amount of starch, a corresponding drop
in the sugar level, and a definite decrease in the
hardiness (table VI). This decrease in hardiness
could be onlv attributed either to the increase in
starch or to the decrease in the sugar level becau-ze
of the small variation in protein. This normal
process of apparent conversion of sugars to starch,
at this time of year, and the associated process of cle-

TABLE VI
CHANGES IN SOLUBLE SUGARS, STARCH, WATER SOLUBLE
PROTEIN, AND HARDINESS IN THE BARK OF NORMAL TREES
IN SPRING AND IN THE BARK OF LoG SEVERED FROM A TREE

IN MAY AND STORED FOR ONE MONTH AT + 3 C

(IcRYWEGHT
MOLARITY%/C DRY WEIGHT OF PLAS-

DATE DEci-WTRMOLYZINGOF SAM- DESCRIP SOLU- SOLE SOLUTION
PLING BLE STARCH REQUIRED

SUGARS TEIN N FOR 50 ¾TENN INJURY

March 3 Normal 10.1 0.1 1.13 > 5
March 30 Normal 11.5 0.3 1.20 > 5
May 22 N7ormal 3.6 7.0 1.12 3.a

Log severed
June 21 on May 22 9.8 0.2 1.09 5.0and stored

at +30 C
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creasing hardiness could be reversed by holding the
tissues at a temperature a few degrees above the
freezing point. Thus, when, at the point of maximal
accumulation of starch (May 22), a length of trunk
with bark intact was severed from the tree and
transferred to a refrigerator at + 3° C, the starch al-
most quantitatively reverted to soluble sugars
(largely sucrose) and most of the hardiness existing
originally in the tree in late winter was restored. On
the basis of the evidence which has been presented
above, the variations in soluble sugars could not ac-
count for the changes noted in the hardiness of the
tissues under these conditions. Since variations in
protein are not involved, it would appear that the
important factor concerned in the early normal drop
in hardiness in spring-and in the restoration of this
hardiness in the severed log through application of
low temperature-is the variation in the starch con-
tent of the cells.

DISCUSSION
The capacity of a plant cell to withstand rupture

or disruption of internal organization from changes
in its protoplasmic volume, due to dehydration and
rehydration, is a measure of its winter hardiness
against extracellular freezing (6). The hypothesis is
proposed that the presence of starch in a cell in-
creases its susceptibility to such injury, the incom-
pressibility of the granules causing the protoplasm to
be subjected to greater shearing forces as it is
stretched around the granules during dehydration.
According to this hypothesis, with other conditions
being equal, the presence of starch in a cell will pro-
duce an increment of decrease in the winter hardi-
ness. Similarly, a disappearance of the starch will
produce an increment of increase in hardiness. It is
suggested therefore that the observed increase in
hardiness which accompanies the disappearance of
starch from the bark cells of the locust tree in au-
tumn, when temperatures approach the freezing
point, can be ascribed in part to this circumstance
rather than to any effect due to an increase in solu-
ble sugars which usually accompanies this disappear-
ance of starch. The soluble sugar content of the
cells has been demonstrated, under a variety of con-
ditions, to manifest no detectable effect upon the
winter hardiness of the cells.

While the hardiness increment associated with the
presence or absence of starch in the cell would be of
a lower order of magnitude than the increment of
hardiness associated with the water soluble protein
content of the cell (5, 7) it could, under proper con-
ditions of winter temperature variations, mean the
difference between death and survival of the tissues.
Periods of warm weather in spring are quickly re-
flected in a resynthesis of starch in the cells (8).
This may occur also during warm periods earlier in
winter. Should such warm spells be followed by
quick and radical temperature drops, cells that
would normally be hardy to such temperatures could
be killed because of the starch accumulated in the
cell during the preceding warm spell. A temperature

induced variation in hardiness of trees and shrubs is
often observed in the course of hardiness testing in
horticultural practice. This may well be related to
the reversible temperature-sensitive conversions of
starch and soluble sugars and to the postulated direct
effects of starch upon the susceptibility of the cells
to frost injury. The ease, rate, and degree of re-
versibility of the conversion process will, of course,
vary with the particular species or variety of plant
and with the time of year. It is suggested further
that differences in the susceptibility of different parts
of the same plant may be attributable to localized
variations in starch content.

It is obvious that the hypothesis presented in this
paper has a bearing on the problem of hardiness only
in those plants, like the black locust, where starch
constitutes a major reserve carbohydrate.

SUMMARY
With the onset of low autumnal temperatures

there is observed a simultaneous decrease in starch
content and an increase in soluble sugar content of
the living bark cells of the black locust. An increase
in soluble protein content precedes the decrease in
starch content or continues at the same time. An
accompanying increase in frost hardiness of the cells
is largely associated with the protein change but un-
der circumstances where the protein change is mini-
mal or zero during the time interval of the carbo-
hydrate conversion some increase in hardiness is ob-
servable during the starch-sugar content change.

Evidence is presented that variations in soluble
sugars in the bark tissue at other times bear no rela-
tionship to the frost hardiness of the cells. It is pro-
posed therefore that the small but discernible hardi-
ness change which accompanies the disappearance of
starch is due to a detrimental effect which is exerted
by the starch itself, at higher concentrations, on the
dehydrated cells. Such a detrimental effect of starch
is shown to be possible in view of the mechanism by
which frost injury is produced in the cells; the starch
granules serve to enhance stress and distortion effects
in the protoplasm as engendered, through dehydra-
tion, by the freezing process.

It is suggested that readily reversible changes in
frost hardiness which have been reported to occur in
tissues of some woody plants in response to tempera-
ture fluctuations could be due in part to the tem-
perature-sensitive variations in the level of the starch
content of these tissues.
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A mineral deficiency of apple trees known as

"leaf scorch" and by various other names occurs very

-widely in apple growing areas. While the symptoms
vary under different environmental conditions inter-
venal chlorosis of the leaves is most common. These
effects develop to scorch, often attaining brilliant
tints and may lead to severe defoliation. Mulder
(7) illustrates the marginal chlorosis and scorching
of foliage of apples grown in Holland. In many New
Hampshire orchards, instead of chlorosis, bronzing or

brown spotting occurs with no preceding chlorosis.
The yield is lowered markedly in some cases, and
preharvest dropping is increased.

The literature on the cause and control of leaf
scorch has been reviewed recently quite thoroughly
by Boynton (3). Most investigators are agreed that
it is due to either a deficiency of magnesium in the
soil or unavailability of the element. The effects of
this deficiency may be aggravated by high amounts
of potassium. The various phases of the interde-
pendence of these factors are not clear. Mlulder (7)
found that the potassium content of leaves from
magnesium deficient trees may approach twice the
amount present in leaves from a healthy orchard.
For control, numerous inorganic carriers of magne-

sium, such as magnesium sulfate, kieserite, and dolo-
mitic limestone, have been tried in applications to
the soil. Recovery of the trees is slow, often with
little effect even after three years and with heavy
applications. Apparently, under some circumstances,

1 Received September 2, 1953.
2 Published with the approval of the Director of the

New Hampshire Agricultural Experiment Station as Sci-
entific Contribution No. 149.

3 Part one of this paper is based upon a thesis pre-

pared in partial fulfillment of the requirements for the
M.S. degree at the University of New Hampshire.

the roots of the apple are unable to absorb much
magnesium in these forms from the soil. Spraying
of apple foliage or injection of solutions of inorganic
magnesium into tree trunks may give some tempo-
rary alleviation of the trouble.

That this deficiency is not due to fixation of mag-
nesium in the upper layers of the soil and resulting
unavailability to the roots, at least for some soil
types, was shown by Lott (6) in his work with mag-
nesium deficiencv of grapes in North Carolina. He
reported that delayed responses in the plants evi-
dently cannot be attributed to slow movement of
magnesium into the root zone and that a portion of
the magnesium applied to the soil remains in the sur-
face foot for more than a year. A similar deficiency
in grapes was reported by Scott and Scott (8) in
Maryland. Thev also found good penetration of
magnesium into the soil from applications of magne-
sium sulfate, but slight response in correcting the
trouble. Spray applications to the foliage gave
prompt alleviation. A later paper (9) reported
fairly good results from the soil applications but
slower recovery than from sprays. Davis and Mc-
Call (4) describe a magnesium deficiency in celery,
which also does not respond to soil treatment, but is
alleviated by spray applications.

It is apparent from this discussion that the usual
inorganic sources of magnesium are frequently in-
adequate to correct this deficiency. Even though
spray applications on foliage may help, such relief is
temporary and the extra trouble and expense of ap-
plication make this an unsatisfactory method. The
use of organic compounds of magnesium, particularly
those in which the metal does not readily ionize from
the rest of the molecule, seemed to offer some possi-
bilities in aiding utilization of this element by plants,
and ultimately the alleviation of such deficiencies as
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