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ABSTRACT

In this article, the changes of phosphorus, sodium, potassium, calcium and nitrogen con-
tents of three cabbage cultivars in relation with cold acclimation and hardiness have been

examined.

The effect of cold on three agricultura! forms of white head cabbage was investigated in
different development stages. For this purpose, they were planted in different seasons and samp-
led during seedling and headed phases. While three cultivars planied in June froze, those planied
in October did not, but chilled only. The increases of mineral salt levels during cold acclimation
and hardiness have been accepted as related with this fact. Significant changes have generally
been obtained from the headed stages of cultivars, especially that of phosphorus was cbserved
in all cultivars. Sodium and potassium levels changed considerably in Bayrakls; total nitrogen,
sodium and potassium in Samsun top cultivar and calcium in Yesilkoy cultivar.

The results of present study can be considered zs indieators of some practical approaches,
such as fertilizing, spraying and choosing varieties of cabbages for improvement and partly for
all crop plants.

INTRODUCTION

Although KAWANA et al. (1964) explained that nutrient salts
have an important role in plant growth, they were also found to be
very important in development of cold hardening by SAKAT (1960).
While LYNCH and GOLDWEBER (1956) stated that there was not

any relationship between phosphorus levels and frost hardiness in
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woody plants, LI, WEISER and VAN HUYSTEE (1966) found that
inorganic fraction of phoshorus decreased and total and organic
phosphorus increased.

It has also been stated that potassium was able to increase cold
hardening by accelerating amino acid and carbohydrate synthesis
(HAYDEN et al., 1969) but COOK and DUFF (1976) have found that
potassium fertilization did not increase accumulation of carbohydrates
and freezing tolerance in herbaceous plants. Although JOINER and
ELLIS (1964) found that potassium nutrition did not change cold
hardening in woody plants and suggested that cold hardening was
increased through providing little nitrogen and much potassium and
phosphorus (MARSHAL, 1969). TRESHOW (1970) also stated that
high amounts of sodium and calcium increased low temperature in-
jury. As seen, there is not an agreement on cold hardening effects of
nutrient salts in woody and herbaceous plants.

The aim of this study is also to examine the interrelations between
important nutrients of plant metabolism, such as sodium, potassium,
calcium, phosphorus and total nitrogen and the physiological mechanism
cold acclimation and hardiness in cabbage. There are no studies on
nutrition and cold acclimation and hardiness relations in cabbage,
and the results in literature on woody and herbaceous plants are cont-
radictory. Moreover, it has been noticed that most of the studies regard-
ing nutrient salts have been based on the principles of fertilization.

In order te get information useful for agricultural practice, it
was also aimed to choose the hardy cultivars using the cabbage seeds
which have been registered by Agricultural Research Institutes. Cho-
osing cultivars in this way, we shall try to evaluate physiological para-
meters to be used in seed improvement. To obtain the results which
can be evaluated clearly in a comparative system, the same experi-
mental methods were examined on three cabbage cultivars.

This paper comprises a part of Doctorate thesis completed in 1979.

MATERIAL AND METHODS

Sowing the seeds, planting the seedlings and prepearing the soil,
sampling methods, sample preparation were presented in the previous

paper (ONCEL, 1984).
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METHODS

MINERAIL SALT ANALYSIS

Dried and ground plant samples have been exposed to wet diges-
tion for the determinations of sodium, potassium, calcium and phosp-
horus (KACAR, 1972a). The samples have been digested according
to Kjeldahl method for total nitrogen determination (KACAR, 1972b).

TOTAL NITROGEN DETERMINATION

Ammonium ion was determined with an ammonium electrode
by ionmeter.

SODIUM AND POTASSIUM DETERMINATIONS

Sodium and potassium were determined flamephotometrically

(KACAR, 1972¢, d).

CALCIUM DETERMINATION

Calcium was determined with a calcium electrode by ionmeter.

PHOSPHORUS DETERMINATION
Phosphorus was determined with a fluoride electrode by ionmeter.

All of the experiments were repeated at least four times and sig-
nificant differences at 5 9, level were considered as statistically im-
portant.

RESULTS

THE CHANGES IN TOTAL NITROGEN CONTENT

It has been found that, total nitrogen content in the frozen unaf-
fected young head sample of Samsun top cultivar which was in acecli-
mation stage showed an increase. In the hardiness stage, it has been
found that total nitrogen content decreased in the frozen affected young
head sample, but increased when compared with the controls. Nitrogen
decreased during acclimation, as seen in the frozen affected aged head
sample, as a result of being affected (Figure 1). This also shows that
total nitrogen is effective in the development of acclimation of Samsun



104 ISIL ONCEL

top cultivar. Increase of total nitrogen in the frozen affected aged
head sample, can be considered as a result of hardening. In the frozen
unaffected young head sample, which is acclimation stage of Yesil-
koy cultivar, total nitrogen content decreased. But it increased in
the hardiness stage corresponding to affection, namely in the affecied
young head sample; but in the frozen affected aged head sample, it
decreased. This shows that the scnescence developed and accordingly
the hardiness could not proceed (Figure 1). It has also been found
that, total nitrogen content decreased in acclimation and hardiness
stages of headed Bayrakh cultivar (Figure 1).
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Figure 1. The content of total nitrogen in control and frozen samples of the headed plants of
Samsun top, Yesilkoy and Bayrakh cabbage cultivars.

The total nitrogen content has also been found to be decreased
in the chilled samples of the seedling cultivars (Figure 2).

The decrease in the content of total nitrogen, both in headed forms
and seedlings of cultivars, is the result of senescence following aging.
For, it is known that total nitrogen decreases during the senescence
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Figure 2. The content of total nitrogea in control and chilled samples of the seedlings of Samsun
top, Yesilkdy and Bayrakh cabbage cultivars.

in plants (BEEVERS, 1968). Except for the increase of total nitrogen
content only in the acclimation stage of the headed Samsun top
cultivar and in the frozen affected young head sample of Yesilksy
cultivar, total nitrogen decreased in their other samples, Bayrakh
cultivar and chilled samples in seedling stages. These developments
can be explained in the light of findings of LE SAINT (1966), who
explained that the decrease in total nitrogen, such as protein and amino
acid nitrogen, increased the hardening. Moreover, it has been explained
that, nitrogen levels always decreased during hardening (LAMB,
1967) and the nitrogen fertilization should also be decreased (GOKGOL,
1969). But there are reports, on the other hand, stating that the hardi-
ness developed with the increase of nitrogenous compounds (COLEMAN,
BULA and DAYVIS, 1966). The studies on the increase (DROZDOV
and SYCHEVA, 1965) and the decrease (HOWELL and JUNG, 1965)
of the hardiness due to the high nitrogen nutrition, has shown that
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the effect of nitrogenous compounds was contradictory to relation of
nitrogen with cold acclimation and hardiness of plants. Our cultivars
also showed that nitrogenous compounds had not been accumulated
during acclimation and hardiness and their less quantities were suffi-
cient for acclimation and hardiness. Unlike woody plants, the cabbage,
a nondormant plant, keeping alive during the cold acclimation and
hardiness periods, exhibites a very slow metabolism and according to
our results, it consumes nitrogenous compounds, such as amino acid,
protein and also total nitrogen.

THE CHANGES IN PHOSPHORUS CONTENT

During the cold acclimation and hardiness, increase of phosphorus
playing an important role in plant metabolism is expected since the
energy requirement for the hardiness development can be obtained
from phosphorus containing compounds (VARDAR, 1972). In literature,
the results which are related with phesphorus and cold hardiness seem
to be insufficient and uncertain. However, during the cold acclima-
tion and hardiness, it has been shown that the total and organic phosp-
horus increase and its inorganic form decrease (LI, WEISER and VAN
HUYSTEE, 1966), but phosphorus nutrition generally increased the
hardiness (LAMB, 1967; GOKGOL, 1969). In spite of contradictory
results, the increase in phosphorus content for the acclimation and
hardiness is logical: The active metabolism needed for the formation
of the hardiness, and accordingly a rapid energy and phosphorus cycle
are necessary. For this reason, during the cold acclimation and hardi-
ness these relationships have been examined in this study.

In the frozen unaffected young head sample corresponding to the
acclimation stage of Samsun top cultivar, the phosphorus content dec-
reased, but in the frozen affected young and aged head samples which
were hardening stages it reached to control level again (Figure 3).
The phosphorus content has also decreased in the chilled samples of
seedling Samsun top cultivar (Figure 4). The decrease of phosphorus
content can be explained as a result of aging (GUARDIOLA and SUT-
CLIFFE, 1971). The decrease of the phosphorus content showed that
the general metabolism was slow.

This fact has been observed in the chilled seedlings of Samsun
top cultivar and in the frozen unaffected young head samples of the
same cultivar when considered together with changes in soluble protein.
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Figure 3. The content of phosphorus in control and frozen samples of the headed plants of
Samsun icp, Yesilkdy and Bayraklh cabbage cultivars.

But in the frozen affected young and aged head samples, the increase
of phosphorus content is interesting while the soluble protein is decre-
asing. As a result, the Samsun top cultivar can acclimate in the cold
and form the hardening capacity, but the hardiness could not be gained.
In the hardiness period while the contents of glucose - saccharose,
fructose -+ saccharose, total RNA and DNA and phosphorus are inc-
reasing, the steady level of soluble protein was the sign of this.

In the frozen unaffected young head sample which is acclimation
stage of Yegilkoy cultivar, it has been found out that the phosphorus
content has been at the control level. But in the frozen affected young
and aged head samples which were in hardiness stages it has increased,
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Figure 4. The content of phosphorus in contro! and chilled samples of the seedlings of Samsun
top, VYesilkdy and Bayrakh cabbage cultivars.

and accordingly, this has been related with the hardiness (Figure 3).
In the chilled seedling sample of Yesilkoy cultivar it has been found
out that the phosphorus content has been at the same control level
(Figure 4). Consequently, in both head and seedling samples which are
in acclimation periods of Yesilkoy cultivar, the phosphorus content
remained at the control level.

It is known that the phosphorus is a mobile element and is trans-
located from old leaves to young ones; namely, it decreases with aging
(GUARDIOLA and SUTCLIFFE, 1971). No sign of significant growth
during the hardiness, in other words, absence of the growth points to
attrack the phosphorus, accordingly its unchanged content, is normal.
The increases of the total RNA and DNA, soluble protein, fructose
+ saccharose contents have shown that the Yesilkoy cultivar can ace-
limate. In hardiness stage, it has been observed that previously exa-
mined biochemical parameters also changed in such a way that they
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could increase the hardiness in parallel to the increase of the phosp-
horus content.

In this study, the total phosphorus changes have been examined.
Only this parameter can not be considered as the sign of metabolic
activity (GUARDIOLA and SUTCLIFFE, 1971). Yet, organic and
inorganic phosphorus contents, their ratios and the examination of
P32 incorporaiion may bring about a certain relationship between
phosphorus metabolism and the hardiness mechanism. In all samples
of both acclimation and hardiness stages of Bayrakh cultivar, the
change of phosphorus content has been related and this relation was
getting stronger during development of the hardiness and acclimation
processes (Figure 3). Consequently, in Bayrakh ecultivar, considering_
the relationship between phosphorus and total metabolism levels,
increases in measured biochemical parameters (Figure 1 and 3, ON-
CEL, 1984; Figure 1, 3, 5, 7, ONCEL, 1986) showed that the hardiness
was gained even under the frost; but in the chilled seedling sample of
Bayrakl cultivar, it has been found out that the phosphorus con-
tent has remained at the same level compared to the control’s and that
there was no phosphorus loss (Figure 4). Hence, no development rela-
ted with aging was observed. An unincrease in phosphorus can not
only be considered as indication of any relationship, due to lack of
details supplied by our limited examination on total phosphorus.
Organic and inorganic phosphorus contents, their ratios and p32
incorporation need to be examined to draw a final conclusion.

THE CHANGES IN POTASSIUM CONTENT

Potassium is known to be effective on osmotic pressure, perme-
ability, opening and closing of stomata, photosynthesis and growth
(VARDAR, 1972), so its increase during the cold acclimation and har-
diness can be expected. In literature, the results related with potassium
and the cold hardiness seemed to be obscure. However, it has been
explained that the potassium fertilization did not increase freezing
tolerance (COOK and DUFF, 1976) but its nutrition increased the
cold hardiness (LAMB, 1967; GOKGOL, 1969; MARSHALL, 1969).
Supplying energy for formation of the hardiness by various metabolic
substances, such as sugar, protein and roles of potassium in the meta-
bolism of these substances, it was considered that there should be an
increase in the potassium content for the acclimation and hardiness
although the results in literature were contradictory. To see if there
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was a correlation between the cold acclimation and hardiness, potas-
sium levels were measured and compared with results obtained in the
samples against the controls. The relationships between the changes
of potassium content and the cold acclimation and hardiness have been
examined,

In the frozen unaffected young head sample which is acclimation
stage of Samsun top cultivar, potassium increased. In the frozen af-
fected young head sample the potassium content was less than its
level in acclimation stage, but it increased as compared with controls.
In the frozen affected aged head sample, potassium decreased nearly
to control level (Figure 5).

In the acclimation and hardiness samples of the headed Yesilkdy
cultivar, on the other hand, potassium decreased (Figure 5).

In the frozen unaffected young head sample corresponding the
acclimation stage of the headed Bayrakli cultivar, it was found that
potassium content remained at the control level and increased in the
frozen affected young and aged head samples which were bhardiness
stages of this cultivar (Figure 5). During the acclimation and hardening
in the samples of Samsun top and Bayrakh cultivars, the increasing
of potassium content according to the control may be related with the
increase of osmotic pressure and permeability.

In the frozen affected aged head sample of Samsun top cultivar
and in the frozen affected young head sample of Bayrakli cultivar, the
potassium econtent which was almost the same as control content can
be explained considering that the potassium is a mobile nutrient salt.
It is known that the potassium is translocated from old leaves to young
ones and it decreases with aging (HEWITT, 1963; VARDAR, 1972).
No significant growth during the hardiness namely absence of the
growth points to attract the potassium, and accordingly being unc-
hanged of its content are normal.

It was found that the potassium content decreased in the chilled
samples of seedling cultivars (Figure 6). This decrease due to the chill-
ing may be related with the decrease of photosynthesis and growth.

When the results of soluble carbohydrate measurements on the
headed samples are reviewed, it is seen that these results are contra-
dictory to the ones held on young seedlings if the relation between the
potassium distribution and the carbohydrate metabolism are taken
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Figure 5. The content of potassium in control and frozen samples of the headed plants of
Samsun top, Yesilkoy and Bayraklr cabbage cultivars.

into account. This also shows that the acclimation in the seedlings
decreases the permeability, growth and the photosynthesis. In the
headed Samsun top and Bayrakh cultivar, the correlation between
the soluble carbohydrate and potassium results indicates that the
potassium: is related with esmotic pressure, and the contents of potass-
ium and soluble carbohydrate are important in adjusting the osmotic
pressure of the cell. But in the acclimation stage of Yesilkdy cultivar,



112 ISIL ONCEL

28-
244
- I
1
D
2 204 h
: il
<
o | 6
o
£,
5 e
w
()
o
) 8 -
Q
o
&
4
OJ

C Ch C Ch C Ch

Samsun fop Yositkoy Bayrakll

Pianting tn October

Figure 6. The content of potassium in control and chilled samples of the seedlings of Samsun
top, Yesilkdy and Bayrakh cabbage cultivars,

the potassium content is related with glucose + saccharose and frue-
tose + saccharose levels. In the hardiness stage, glucose 4 saccharose
content decreased while that of fructose + saccharose was increasing.
Therefore, the decrease of potassium content in the acclimation and
hardiness stages is an indication of the effect of aging.

THE CHANGES IN CALCIUM CONTENT

Although any literatures on the calcium and the cold acclimation
and hardiness have not been seen, the high calcium content was found
to cause an increase in the low temperature injury (TRESHOW, 1970).
In fact, importance of the calcium in the protection of membrane and
wall structure and in TAA’s activity (POOVAIAH and LEOPOLD,
1976), and the relationship with selective and total permeability show
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the role of calcium in the cold acclimation and hardiness. Calcium can
not be easily mobilized and it is aceumulated in the old leaves rather
than those of young ones (VARDAR, 1972). It can not be in a free
state and it can not mobile without the decomposition of the structures
to which it is bound (RASMUSSEN and et al., 1969; POOVAIAH
and LEOPOLD, 1973). Considering these properties of the calcium
relevant to its changes during the cold acclimation and hardiness,
a relationship between the changes in calcium content and the cold
acclimation and hardiness can be seen in the results found in the samp-
les against the controls.

In the frozen unaffected young head sample which was the accli-
mation stage, and in the frozen affected young and aged head samples
which were the hardiness stages of the headed Samsun top cultivar,
it was found that the calcium decreased (Figure 7). Decreasing calcium
content in the acclimation and hardiness samples of Samsun top cul-
tivar shows that the increase of selective permeability occurs due to
the destruction in membranes. Although the calcium decreased against
to controls in the frozen affected aged head sample of this cultivar, it
showed an increase against to the frozen affected young head sample.
These changes may be related to the development of hardiness within
this period, senescence took place according to the following facts
revealed by POOVAIAH and LEOPOLD (1973). The calcium loss
was accompanied and the increase of calcium level by application of
its solution retarded the senescence. In their study, they stated that
the calcium was removed away from the cell membranes and middle
lamellae as a result that RNase activity increase during the develop-
ment of senescence phenomenon, and consequently, peroxidase activity
increased and this enzyme also acclerated the senescence (RUESNIK,
1971; DUYGU, 1976). Therefore, in the head of cabbage, the calcium
increase owing to cold effect shows that this increase of calcium pro-
tects the head during the senescence of other plant tissues and organs.

Again, in the headed Yesilkdy cultivar, it has been found out
that the calcium increased in the frozen unaffected young head sample
which was in the acclimation period and decreased in the frozen affec-
ted young head sample which was in the hardiness period and increased
in the frozen affected aged head sample (Figure 7). In Samsun top
and Yesilkéy cultivars in which an increase of calcium has been ob-
served, in the frozen affected aged head samples and in the frozen
unaffected young head sample of Yesilkéy cultivar, there was not
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Figure 7. The content of calcium in control and frozen samples ¢f the headed plants of Samsun
top, Yegilkéy and Bayrakh cabbage cultivars.

any destruction of membrane and no permeability loss by the effect
of senescence and this shows that those samples accumulated calcium
to provide hardiness.

It has been found out that the calcium content has decreased only
in the frozen unaffected young head sample, that is the acclimation
period of the headed Bayrakh cabbage cultivar. While it was increasing
in the frozen affected aged head sample during the hardiness period,
it decreased in the frozen aged head sample (Figure 7).

In Bayrakh cabbage, the increase of calcium was obtained only
in the frozen affected young head sample. In the frozen unffected
young head, and also in the frozen affected aged head samples of Bay-
rakh cultivar, the decrease of calcium is related with the decomposition
of membrane and the loss of selective permeability by senescence. The
results relevant to the calcium content show that Yesilkoy cultivar
can accclimate by maintaining the selective permeability and can har-
den. Maintenance of the selective permeability may explain the slow
development of acclimation in Bayrakli and Samsun top cultivars
and especially the lack of hardiness in Bayrakli cultivar in which a
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rapid destruction of the membranes after the freezing period. The memb-
rane destruction rapidly causes senescence, even if the other biochemical
hardiness mechanisms work perfectly.

In the chilled seedling samples of cultivars, the changes of calcium
content were as follows: The calcium content increased in Samsun
top, decreased in Yesilkéy cultivar and remained at the control level
in Bayrakh cultivar (Figure 8). This also showed that the loss of selec-
tive permeability did not occur in Samsun top, the membrane dest-
ruction and the loss of selective permeability occured in Yesilkoy cul-
tivar and no change of selective permeability in Bayrakli. So, Samsun
top cultivar in the seedling stage showed a good hardiness.
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Figure 8. The content of calcium in control and chilled samples of the seedlings of Samsun top,
Yesilkoy and Bayrakh cabbage cultivars.

THE CHANGES IN POTASSIUM/CALCIUM RATIO

While the calcium level in plants is effective on controling the per-
meability and growth, potassium is also effective in increasing the
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permeability and growth, supplying water to the organs (WOSTMANN,
1942; VARDAR, 1972).

I* is known that, the changes in K/ Ca ratio causes the parallel
changes in physiological activity. Increase in this ratio causes an inc-
rease in physiological activity (ABBOTT, 1923; WOSTMANN, 1942).
The increase of potassium in our samples, as a matter of fact,
decreased the hardiness by causing the increase of hydration and se-
lective permeability, swelling of the membranes. Inversely, the dec-
rease in potassium, and the increase of calcium enhanced the hardiness,
providing dehydration and contraction of membranes. As for the dec-
rease of calcium, it showed that the membranes were decomposed by
senescence (DUYGU, 1971). Considering the effects of K/ Ca ratio
mentioned above, the changes in cold acclimation and hardiness, must
be evaluated in comparison with controls, and the relationships bet-
ween the changes of this ratio, the cold acclimation and hardiness
should be examined.

It was found in Samsun top cultivar that the K/ Ca ratio incre-
ased in the frozen unaffected young head sample which was in accli-
mation stage and the frozen affected young and aged head samples,
which were hardening stages (Figure 9). Yet, even though the ratio
in the hardiness samples increased, as compared with the controls;
it decreased in comparison to the acclimation stage. This also showed
that the increase of selective permeability, in the cold acclimation stage,
began to disappear by development of senescence. For, it is known
that the senescence causes the membrane destruction and accordingly
the loss of selective permeability.

It was found that the K/ Ca ratio decreased in the frozen unaffec-
ted young head sample corresponding to the acclimation stage, and
that it increased in the frozen affected young head sample which was
in the hardiness stage, and also it decreased in the frozen affected
aged head sample of Yesilkdy cultivar (Figure 9). The decrease of
K/ Ca ratio is related to the senescence in the frozen unaffected young
head and the frozen affected aged head samples of Yesilkoy cultivar.
As for, the increase of K/ Ca ratio, in the frozen affected young head
sample, it can be explained considering the high potassium content
and the decrease in the calcium, and accordingly the increase selective
permeability. That is, the intracellular transport, selective permea-
bility increased in the acclimation. This is also the sign of active meta-
bolism in this stage.
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Figure 9. The ratio of potassium |/ calcium in con.rol and frozen samples of the headed plants
of Samsun top, Yesilkby and Bayrakli cabbage cultivars.

It has been found that the K/ Ca ratio increased in the frozen
unaffected young head sample which was in the acclimation stage,
and decreased in the frozen affected young head sample, which was
in the hardiness stage, and subsequently it rose to the highest value
in the frozen affected aged head sample of headed Bayrakh cultivar
(Figure 9). Probable increase of permeability was indirectly observed
only in the frozen affected young head sample. Increasing K / Ca ratio
in the frozen unaffected young head and the frozen affected aged
head samples is mainly due to the decrease of the calcium and follow-
ing the destruction of tissues.

The inerease of K/ Ca ratio is related to the increase of hydration
and the selective permeability in the acclimation stage of the headed
Samsun top cultivar. Yet, the increase of water content is disadvan-
tageous in the acclimation and hardiness. In hardening samples, the
decrease of K/ Ca ratio according to the acclimation stage and the
increase of calcium content in the frozen affected aged head sample
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are the signs of dehydration. For, the calcium increases the hardiness
causing the membrane to be contracted.

Decreasing the K/ Ca ratio in the acclimation stage of the headed
Yesilkdy cultivar, and accordingly, increasing the calcium provides
the hardiness through the membrane contraction and ability of dehyd-
ration. The increase of the K/ Ca ratio and the decrease of calcium con-
tent are related to the destruction of membrane in the hardiness stage
(frozen affected young head sample). As a result of the calcium content
increase, the decrease of the K/ Ca ratio is related to the increase of
the hardiness in the frozen affected aged head sample.

The decrease of calcium because of the senescence, increases the
K/ Ca ratio in the acclimation stage of the headed Bayrakli cabbage.
The decrease of ratio is related to the increase of calcium content in
the frozen affected young head sample in the hardiness stage. Still,
the decrease in the calcium content shows the increase of K/ Ca ratio
in the frozen affected aged head sample. The rate of increase in the
calcium content declines with the effect of the senescence and it can
not provide the hardiness.

In the chilled seedling samples of cultivars, the K / Ca ratio changes
as follows: The ratio decreases in Samsun top and Bayrakh cultivars
and increases in Yesilkoy cultivar (Figure 10). As a matter of fact, the
increase of the calcium content in Samsun top cultivar, and its being
at the same level with control in Bayrakl cultivar and the decrease
of it in Yesilkdy cultivar proves this. These also show that the calcium
provides the hardiness by dehydration and the membrane contraction

K /Ca ratio
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Figure 10. The ratio of potassium/ calcium in control and chilled samples of seedlings of Samsun
top, Yesilkéy and Bayrakh cabbage cultivars,
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in Samsun top cultivar, and that there is not a loss regarding the calcium,
that is, the loss of hardiness and no senescence development in Bayrakh
cultivar, but the senescence occurs in Yesilkoy cultivar.

THE CHANGES IN SODIUM CONTENT

Although very few literature related with the sodium nutrient
salt and the cold acclimation and hardiness has been obtained, it has
been explained that the high sodium content has caused the low
temperature injury to increase (TRESHOW, 1970). Since the sodium
is a nutrient salt to take the place of the potassinm (DUYGU, 1971)
and the combinations of calcium, potassium: and sodium play an impor-
tant role in cell Lhydration, it can be considered that this nutrient salt
is related to the cold acclimation and hardiness. During the cold aceli-
mation and hardiness the results related with the sodium content we
obtained, having been evaluated according to the controls, the relati-
onships were examined beiweer the changes in sodium content and the
cold acclimation and hardiness.

It has been found out that the sodium content has increased in
the acclimation and hardiness samples of the headed Samsun top cul-
tivar (Figure 11). Only in the frozen affected aged head sample it has
been noticed that the sodium content showing an increase according
to the control is less than in the frozen affected young head sample.
In this sample the decrease of sodium content can be explained as a
result of aging. Consequently, it has been found out that the increases
in sodium content were related to acclimation and hardiness of Samsun
top.

It has been found out that the sodium content has decreased in
the frozen unaffected young head sample corresponding to the accli-
mation stage but that it has decreased according to the control in the
frozen affected aged head sample and that it has increased according
to the frozen affected young head sample of Yesilkéy cultivar (Figure
11). While the sodium content decreases in the acclimation stage and
in the initial period of hardiness, the increase of it is related to the deve-
lopment of hardiness in the frozen affected aged head sample of Yesil-
koy cultivar. This also shows that the formation of hardiness is begun
but that it can not be gained.

It has been found out that the increase in the frozen unaffected
young head sample corresponding to the acelimation stage and the dec-
rease in frozen affected young head sample which was the hardiness
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stage were approximately at the control level and that there is an inc-
rease in the frozen affected aged head sample of Bayrakh cultivar
(Figure 11). Thus, it has been found out that the increase in the sodium
content is related to the acclimation and hardiness of Bayrakh cultivar.
The increases in sodium content in samples of each three cultivars show
that the plants increases the sodium content to survive under the effect
of cold. As a result, it can be said that the sodium. content is related to
the cold acclimation and hardiness of the headed stages of cultivar
(in particular Samsun top and Bayrakh).
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Figure 11. The content of sodium in cuntrel and frozen samples of (he headed planis of Samnsun
top, Yegilkdy and Bayrakh cabbage cultivars.

As for, in the chilled seedling samples of cultivars, it has been
found out that the sodium content has decreased and that there has
been the least decrease in Bayrakh cultivar (Figare 12).

The seedling stage of cultivars is the stage in which growth ability
is protected even in cold. For this reason, it can be said that the sodium
salt is sent away from the aerial parts of the plant to its root. However,
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Figure 12. The content of sodium in control and chilled samples of seedlings of Samsun top,
Yesilkéy and Bayrakh cabbage cultivars.

the headed stage of cultivars is the stage in which the plant has comp-
leted its growth. The changes obtained in the headed stage are the signs
that the sodium nutrient salt is supplied to provide the hardiness.

THE CHANGES IN SODIUM -} POTASSIUM/ CALCIUM RATIO

After the changes have been examined in potassium, calcium,
K/ Ca and sodium contents in the cabbage cultivars used in the study,
it is required to examine the effect of these three nutrient salts in the
form of Na | K/ Ca due to the role of this triplet of sodium, potassium
and calcium in cell hydration and the replacement of sodium to calcium
and also because the physiological activity increases with the rising
ratio of K/ Ca and decreases with the diminution of that ratio. More-
over, it is known that the increase of potassium has decreased the
hardiness, causing the increase of hydration and selective permeability,
swelling of the membranes and that the increase of calcium bas provided
dehydration, contracting the membranes, and accordingly the hardi-
ness. For this reason, the examination of combined effects of these
three nutrient salts has been considered as the ratio of Na + K/ Ca.
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Since the literature related to the features of sodium, potassium and
calcium were previously mentioned in the changes related to the sodium
and the ratio of K/ Ca, they were not repeated here again. During the
cold acclimation and hardiness, the changes obtained here, having
been evaluated according to the controls, the relationships between
the changes in this ratio and the cold acclimation and hardiness have
been examined and it has been seen that the changes obtained in Na
+ K/ Ca ratio were similar to the changes obtained in K/ Ca ratio,
This also shows the importance of Na -- K/ Ca ratio and of the cations
of mono— and divalent such as sodium, potassium and calcium during
the cold acclimation and hardiness. Na -~ K/ Ca ratio has been briefly
summarized because the changes are given in K/ Ca ratio in details.

As seen in Figure 13, the decrease of Na + K/ Ca ratio is related
to the senescence in the frozen unaffected young head and the frozen
affected aged head samples of Yesilkéy and the increase of Na + K/
Ca ratio can be explained by the increase of selective permeability,
this is also the sign of the increase of active metabolism in the frozen
affected young head sample. Consequently, the decrease of Na + K/
Ca ratio is related to the increase of calcium, and accordingly the cont-
raction of membrane and debydration in the acclimation stage of headed
Yesilkoy cultivar. The increase of Na - K/ Ca ratio together with
the decrease of calcium content are related to destruction of membrane
in the frozen affected young head sample. The increase of caleium
and the decrease of Na -|- K/ Ca ratio show that the hardiness increases
in the frozen affected aged head sample.

As seen in Figure 13, it has been found out that selective permea-
bility has increased with decreasing of the ratio in frozen affected young
head sample of Bayrakh cultivar. As for the increase of Na 4 K/ Ca
ratio, it indicates that the calcium decreases, that is, there is a dest-
ruction in the tissues of the frozen unaffected young head and the fro-
zen affected aged head samples. Consequently, the senescence causes
the calcium to decrease, and accordingly the ratio to increase in the
acclimation stage of the headed Bayrakh cultivar. Yet, decreasing of
calcium content shows that Na - K/ Ca ratio increases in the frozen
affected aged sample. This also shows the increase of selective perme-
ability and hydration.

In the chilled seedlings of cultivars, Na -+ K/ Ca ratio changes
in the following way: The ratio decreases in Samsun top and Bayrakh
cultivars and increases in Yesilkoy cultivar (Figure 14). The calcium
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Figure 13. The ratio of sodium — potassium/ calcium in control and frozen samples f the
headed plants of Samsun top, Yesilkoy and Bayrakl cabbage cultivars.
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Figore 14. The ratio of sodium -} potassinm | calcium in control and chilled samples of seedlings
of Samsun top, Yesilkoy and Bayrakh cabbage cultivars.
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changes that show the senescence occurs in Yesilkoy cultivar and that
show there is no senescence and the loss of hardiness in Bayrakl: culti-
var and that show the hardiness is provided by membrane contraction
and dehydration in Samsun top cultivar, exhibites a correlation with
the ratio of Na + K/ Ca. Thus, the relationships between monovalent |
divalent ion ratio which is important in permeability and cold accli-
mation and hardiness have been shown in Samsun top, Yesilkéy and
Bayrakh cultivars.

The interrelations obtained between the nutrient salts examined
here and seedling and headed stages of cultivars can be summarized
as follows.

While the phosphorus shows that headed Samsun top cultivar
can acclimate under the cold, and that the hardening capacity is desig-
nated but that the hardiness can not be gained,the increase of potas-
sium content can be related to the osmotic presssure and the selective
permeability. As for the calcium content, it shows that there is a slow
acclimation regarding the selective permeability and the increases in
sodium nutiient salt are seen related to the cold acclimation and
hardiness of this cultivar.

While the increases of phosphorus are related to the acelimation
and hardiness of headed Yesilkoy cultivar, the potassium decreases
as a result of aging. The changes in calcium content, however, shows
that Yesilkoy cultivar can acclimate and gain the hardiness, and the
changes of sodium content show that the hardiness is arisen but that
it can not be gained.

While the phosphorus shows that the hardiness is gained, the
increase in potassium content is related to the increase of osmotic
pressure and selective permeability in headed Bayrakl cultivar. Calcium
nutrient salt also shows that the slow acclimation occurs regarding
the selective permeabslity but that the hardiness can not be gained,
the increase in the sodium content is also related to the cold acclimation
and hardiness of this cultivar.

It bas been found out that the contents of sodium and potassium
have decreased in the seedling stage of cultivars. The phosphorus
nuirient salt also decreases in Samsun top cultivaer but the calcium
shows that there is no loss of selective permeability. The phosphorus
shows that Yesilkéy cultivar can acclimate but that the decrease in
calcium content, the destruction of membrane and the loss of selective
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permeability occur. Although it has been found out that there is not
any loss of phosphorus in Bayrakh cultivar, calcium shows that there
is no any change regarding selective permeability. In seedlings, the
decrease in the contents of nutrient salts can be the sign of transport
from aerial parts of plants to the roots and so, the hardiness can be
provided.

DISCUSSION

The results obtained in this research in three cabbage cultivars
reveal the relationships between the changes of the nutrient salts such
as total nitrogen, phosphorus, potassium, calcium and sodium and
the cold acclimation a long with the hardiness.

‘When the results obtained from the nutrient salts used in evalu-
ations of the cold acclimation and hardiness of the cabbage cultivars
are compared to the findings in literature, interpretations can be done
as follows:

Except for the acclimation of Samsun top cultivar it has been
found that the total nitrogen has decreased both in headed and seedling
stages and this shows that the nitrogen is not generally used for har-
diness. Our results related to the total nitrogen support LE SAINT
(1966) who explained the total nitrogen decreased in cabbage. Furt-
hermore, there are also studies showing that the nitrogen decreases
the hardiness (LAMB, 1967) and that the nitrogenous fertilizer should
be applied in less the quantities (GOKGOL, 1969). As seen above, the
small amounts of nitrogen contents for the acclimation and hardiness
of cabbage are efficient and they even increase the hardiness according
to the results in the literature and ours. When the nitrogenous substance
results including the soluble protein, free amino acid nitrogen and
total nitrogen are evaluated all together, the results show that they
generally decrease during the acclimation and hardiness of cabbage
cultivars and that a special nitrogen metabolism necessary for the
haidiness is important.

Tt has been found out that the increases in phosphorus content
are related in the acclimation and hardiness of headed Samsun top,
Yesilkoy and Bayrakh cultivars and that the phosphorus content has
been protected in the seedling stages of Yesilky and Bayrakli cultivars.
Our results related te the total phosphorus content support the studies
(LAMB, 1967; GOKGOL, 1969) explaining that the phosphorus nut-
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rition generally increases the hardiness. In addition to this, LI, WE-
ISER and VAN HUYSTEE (1966) have found a decrease in inorganic
phosphorus during the cold hardiness, but an increase in the total and
organic phosphorus. They have explained this situation as an accumu-
lation of the photosynthetic products and the organic phosphorus com-
pounds at low temperatures. The findings of these researchers are con-
sistent with our results. For, the storage of carbohydrate has been
observed by us and this has been found to be related to development
of the acclimation and hardiness.

Consequently, the increases in the total phosphorus content in
the headed stage of cultivars can be generalized for the cold acclimation
and hardiness.

It has been found out that the potassium content is related to
the acclimation and hardiness in the headed stage of Samsun top and
Bayrakh cultivars. Our results related to Samsun top and Bayrakh
cultivars support the studies (LAMB, 1967; GOKGOL, 1969) expla-
ining that the potassium nutrition increase the cold hardiness in winter
crops. On the contrary, in Samsun top and Bayrakh cultivars, it has
been found out that the potassium content has decreased in the headed
Yesilkéy cultivar and the seedling stage of cultivar. In literature,
however, there are also findings pertinent to this view. COOK and DUFF
(1976) pointed out that the potassium fertilization did not increase
the freezing tolerance of turfgrass crown tissue and JOINER and
ELLIS (1964) remarked that the cold injury is not related with the
potassium levels in azalea plant. Because the potassium is as impor-
tant as carbohydrates in regulating the cell osmotic pressure, the pa-
rallelism we obtained between the potassium and carbobydrate results
show that the potassium can be effective on the accumulation of car-
bohydrate results in Samsun top and Bayrakh cultivars. COOK and
DUFF (1976) examining the changes of carbohydrate and potassium
all together, as a result of the potassium fertilization and analysis,
found that the potassium content did not have any effect on the accu-
mulation of carbohydrete. Consequently, in our opinion the relati-
onship between potassium and the cold bardiness shows differences
in the cultivars according to our results and this can not be generalized.

The variations in calcium content of cabbage cultivars in the cold
acclimation and hardiness are quite different. Considering the headed
stage, it has been found out that the changes of calcium show a positive
correlation in the cold acclimation and hardiness in Yesilkéy cultivar
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and that Samsun top and Bayrakh cultivars can acclimate slowly
regarding the calcium changes and that there is no good relationship
in the period when the hardiness is gained especially in Bayrakl cabbége.
It has been observed that there is an increase in the calcium. content in
seedling Samsun top cultivar and that the calcium content is protected
in Bayrakh cultivar.

Literature is inadequate on this subject and it has been stated
that the high calcium content has generally increased the low tem-
perature injury (TRESHOW, 1970).

However, since the calcium plays an important role on the wall
and membrane structure, it is expected that the calcium is related to
the cold acclimation and hardiness, and meanwhile, it can be stated
that the calcium changes are important on reflecting the changes in
membrane structure. Since, this relationship shows differences accord-
ing to the cultivars and the physiological stages, anything definite can
not yet be stated.

The sodium nutrient salt is as important as potassium in the cold
acclimation and hardiness of cabbage cultivars, for the sodium is a
nutrient salt taking the place of potassium (DUYGU, 1971). Siill, in
literature, it has been explained that the high sodium content has ge-
nerally increased the low temperature injury (TRESHOW, 1970).
However, SAKAT and YOSHIDA (1968) have explained that SAKAI
(1962) has found an increase in the hardiness of cabbage leaves in
NaCl solution. While the increase in sodium content is related to the
cold acclimation and hardiness of Samsun top and Bayrakli cultivars,
it has been found out that the hardiness is designated but can not be
gained regarding the increase of sodium in Yesilkéy cultivar. Conse-
quently, a generalization can not be made.

But in the seedling stage of cultivars, it has been found out that
the sodium content has decreased by the effect of cold. This result
which. is consistent with TRESHOW (1970) shows that the sodium
decrease has a role in hardiness in the seedling stage.

When it is generally evaluated, our results show that the nutri-
ent salts are as important in the development and protection of cold
acclimation and hardiness as biochemical parameters but that their
effects are different in every cultivar. In this subject, however, SAKAI
(1962) has designated that these salts have an important effect but it
is less than that of glucose in the prevention of the frost injury although
the salts such as KCl, NH,Cl and NaCl have toxic effects.
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CONCLUSION

A. Examining the following features, one should take desicion
so as to obtain suitable results with applications such as fertilization
and spraying.

1- It has been observed that the increases in phosphorus content
are related to the cold acclimation and hardiness in our study. However,
even in literature the same relationship has been observed in winter
crops (LAMB, 1967; GOKGOL, 1969), in Red-Osier Dogwood (LI,
WEISER and VAN HUYSTEE, 1966). For this reason, the increases
in phosphorus content can be generalized for cabbage and all plants
to provide the cold acclimation and hardiness.

2— A hardiness mechanism to characterize the development of
cold acclimation and hardiness only in cabbage; that is, which does
not exist in other genus and species, can not be found.

3— In respect to the usefulness degree and timing of appliacation
for every cultivar, the parameters to be examined are the increases
in sodium, potassium and calcium nutrient salts.

4— Regarding the application, the following can be suggested for
the cultivars examined by us:

In the fall, the fertilizers with calcium should be given to Samsun
top and Bayrakh cultivars and the fertilizers with sodium and potas-
sium to Yesilkoy cultivar or their solutions should be sprayed in
winter.

B. The following suggestions can be made for the improvement
studies. These findings show that the cultivars especially storing phosp-
horus should be selected while selection is made for the production
of the new cultivar and other vegetable species which are more pro-
bably grown in winter and at least cabbage. Moreover, improvement
studies should be done to obtain hardy cultivars and optimal nutriti-
onal conditions such as phosphorus, sodium, potassium and calcium

should be provided.
C. The following suggestions can be made in respect to growing.

1- In our research, two seed sowing and two seedling planting
periods have mainly been considered as of June and October. The changes
relevant to mineral salts were generally obtained in the headed samples
planted in June. For this reason, plantings can be carried out in June
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and even in July and the plants can be left in the field where the lowest
temperature is at least approximately -15°C.

2— Bayrakh cabbage cultivar which has a higher cold acclimation
and hardiness is suitable for this application.

In conclusion, our research has brought about the necessary fun-
damental data for the agricultural applications which can be succes-
fully carried out.
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