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Abstract : Effects of saline irrigation on the dry matter production and mineral ions distribution in different parts
of the plant in two cultivars of hexaploid triticale, Welsh and Currency, were investigated in the glasshouse
irrigated with sodium chloride solutions at concentrations of 0, 25, and 50 mM. Comparison of dry matter
production in the grains between the two cultivars suggested that Currency was more salt-tolerant than Welsh.
Reduction of dry matter in the leaves and culm of the treated plants was more or less similar in the two cultivars.
Dry matter of husks in Welsh was reduced more than that in Currency although roots showed opposite result.
Sodium and chloride concentrations in all parts of the treated plants were in general increased in both cultivars.
The increasing tendency of these ions in all parts of the plant in Welsh was higher than in Currency, except in
the roots. Roots in treated plants of Currency showed more or less similar concentration of sodium and higher
concentration of chloride compare to those in Welsh. It is, therefore, suggested that quantitative accumulation of
sodium and chloride in some parts of the plant is related to the salt tolerance of hexaploid triticale cultivars.
Potassium accumulation was increased in all parts of the treated plants in both cultivars except in the culm, which
showed a decreasing accumulation. The tendencies of calcium and magnesium accumulation were different
between two cultivars and among different parts of the plant. Therefore, the roles of these three ions in relation
to salt tolerance were not clear.
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In arid and semi-arid regions, both salinity
levels and saline areas are increasing with the
expansion of irrigation facilities. Salinity
decreases both growth and vyield of glyco-
phytes, and if the salt concentration in the root
zone is high a plant cannot set seeds and
under extreme conditions it dies #'». All glyco-
phytes, however, do not respond equally to

salinity'®. Moreover, variations in salt toler-
ance exist among the cultivars of a species, e.
g. wheat, barley, triticale'®, rice® and
soybean'?. The variation in salt tolerance
among the cultivars may be related to multiple
physiological processes including a different
pattern of uptake and transport of ions®.
Bernstein et al®). suggested that variation in Cl
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ion transport from root to shoot may be
responsible for the varietal difference in salt
tolerance of grape vines. In general, the salt
tolerant cultivars have a greater ability to
exclude Na and Cl ions in the foliage or
greater compartmentation capability of these
toxic ions within the cells and organelles'®.

Although salinity decreases dry matter pro-
duction in plants as a whole, all parts of the
plant do not respond equally. Roots are usu-
ally less affected than aboveground parts of
the plant. It is reported that leaf-stem ratio in
alfalfa increased with an increase in salinity
level®. Reduction in grain yield in rice and
corn under saline conditions was more than
for straw yield. On the contrary, barley, wheat
and cotton showed opposite response!®. The
dissimilar responses of plant organs in the
same cultivar under salt-stress conditions may
have some relationship to their difference in
the mechanism of ion absorption, and/or
capability of toxic ions exclusion. Information
is still insufficient on the distribution pattern
of mineral ions in various parts of the plant,
and the roles of these ions and the parts in the
determination of salt tolerance in cereal crops.
Furthermore, there are few pubblications ad-
dressing the topic of salt tolerance in triticale,
although triticale is considered a promising
crop for marginal environments" and there is
a possibility of expanding its cultivation in
areas, where there is salinity or the potential
for it to develop.

This experiment was conducted to analyze
the effect of NaCl on dry matter production in
different parts of the plant, accumulation of
different mineral ions in these parts, and their
roles in determination of salt-tolerance in two
cultivars of hexaploid triticale with varying
levels of salt-tolerance.

Materials and methods

Seven-day-old seedlings of two cultivars of
hexaploid triticale, Welsh (substitution type)
and Currency (complete type), were trans-
planted into plastic pots, 14 cm in diameter
and 13 c¢m in height, with one seedling per pot,
in the third week of February, 1990. The pots
were filled with washed sand, perlite, and
organic manure at a ratio of 2:1:1 by vol-
ume. The organic manure contained 2.39, N,
1.89, K,O, and 3.59, P,0O;. The pH and EC

values of the prepared soil were 6.7 and 0.5

dS/m, respectively. Two grams of compound
fertilizer at a ratio of N:P,O,: K,O as 14:
12 : 14 were also applied before transplanting.
The plants were grown until their maturity in
a glasshouse. Fifteen plants were used in each
treatment in this experiment.

Plants were irrigated with tap water for
three weeks, after which NaCl solutions were
applied every other day at an increment of 12.
5 mM until the respective final concentrations,
25 and 50 mM, were attained for each treat-
ment. Depending on plant and soil conditions,
200 ml treatment solution was applied at inter-
vals of 2-4 days until maturity. Plants in the
control group were irrigated with tap water.
The plants were harvested in mid-june, 1990.
After harvesting, roots were separated from
the plants and washed with tap water. The
plants were oven-dried at 70°C to a constant
weight. After drying, the plants were segment-
ed into culm, leaves (leaf blade+sheath),
husks, and grains. The culm, upper four
leaves, husks, and grains from the main shoot
and the whole root mass were finely ground
for the determination of mineral ions concen-
tration. The ground samples were dry-ashed
at 500°C for eight hours and digested with
concentrated hydrochloric acid. Sodium,
potassium, calcium, and magnesium concen-
trations were determined by atomic absorption
spectrophotometry (Shimadzu, Atomic
absorption/Flame Spectrophotometer ;
Model-AA 610s). In order to obtain Cl
measurement, the dry-ash was digested with
boiling water, and after cooling, this was
determined by means of an ion-selective elec-
trode (Orion Research Ion Analyzer ; Model-
407A). For ion analysis, four-replicated-plant
samples were used in each treatment.

Results

1. Dry matter production

Results presented in Table 1 show that
NaCl reduced in general the dry matter pro-
duction in all parts of the plant in both
cultivars. Difference in the reduction levels
was observed between cultivars and among
different parts of the plant. Grain production
clearly indicated that Currency was more
salt-tolerant than Welsh. For instance, at 25
and 50 mM NaCl concentrations, Welsh
showed 65 and 26 percent in grain vyield

compared to the control, while Currency
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Table 1. Effect of NaCl on the dry matter production (g/plant) in different parts of the plant in
two cultivars of hexaploid triticale.

Welsh Currency
(I:Inal\(/il) Plant parts Plant parts
Grains Husks Leaves Culm Roots Grains Husks Leaves Culm Roots
0 5.83a 2.32a 2.73a 3.60a 0.30a 6.47a 2.20ab 2.50a 3.63a (.42a
(100) (100) (100) (100)  (100) (100)  (100) (100) (100)  (100)
25 3.‘79b 2.27a 2.20b 2.36b (.31a 4.74b 2.30a 1.95b 2.38b (.38ab
65C  (98)A (BB (66)C (103)A (73)C (105)A  (78)C  (66)D (90)B
50 1.51¢ 1.87b 1.90b 2.15b 0.23b 2.56¢c 2.08b 1.65b 2.17b (0.27b
(260D (BDA (69B  (60)C (7T1)A (40)D (95)A  (66)B  (60)C (64)BC

Different small letters within each plant-part in a column indicate a significant difference at p=20.05.
Values in parentheses in each column indicate percentage values to the control at the respective level
of NaCl. Different capital letters superscribed to the percentage values in a row indicate a significant

difference at p=0.05 at each level of NaCl. Lettering was made separately for each cultivar.

showed 73 and 40 percent, respectively. Dry
matter production in leaves and in culm were
more or less similar in the two cultivars when
compared by percentage values. Husks in
Welsh, however, showed a more depressed
tendency than in Currency, although root
mass in Currency reduced more than in Welsh
(9, to the control) under saline conditions.

At 25 mM, the growth depression among
different parts of the plant was the most in
grains followed in descending order by culm,
leaves, husks, and roots in Welsh compared by
percentage values, while in Currency that was
the most in culm, followed by grains, leaves,
roots, and husks. At 50 mM, however, the
order changed to grains, culm, leaves, roots,
and husks in Welsh, and to grains, culm, roots,
leaves, and husks in Currency, respectively.

2. Chloride concentration

Chloride ion in all parts of the plant in both
cultivars increased with increasing concentra-
tion of applied NaCl (Fig. 1). In NaCl treated
plants, Welsh contained more Cl than Cur-
rency in all the aboveground parts, except in
leaves. Leaves in both cultivars accumulated
similar quantity of this ion at all NaCl levels.
On the other hand, roots in Currency showed
significantly higher concentration of Cl than in
Welsh under saline conditions. Leaves in both
cultivars were estimated as the major sink of
Cl. Chloride distribution pattern to different
parts of the plant was similar to each other in
both cultivars and that was shown in decreas-
ing order of leaves, culm, husks, roots, and

grains.

3. Sodium concentration

Sodium distribution data presented in Fig. 1
shows that Na ion increased with the increas-
ing concentration of applied NaCl in all parts
of the plant in both cultivars. The concentra-
tion, however, varied between two cultivars
and among different parts of the plant. Under
saline conditions, Na accumulation in all parts
of the plant in Welsh was higher than in
Currency, except in roots. Roots in both
cultivars accumulated a more or less similar
amount of Na in all treatments. In treated
plants, the culm in both cultivars accumulated
the highest quantity of Na followed in decreas-
ing order by leaves, husks, roots, and grains.

4. Potassium concentration

The accumulation of K ion decreased in the
culm and increased in other parts of the plant
with an increasing concentration of applied
NaCl in both Welsh and Currency (Fig. 2).
The accumulating tendency of K in leaves,
however, was not clear. For instance, there was
no significant difference in K accumulation
among different salinity levels in Welsh, but in
Currency the concentration was significantly
higher at 25mM than at 0 and 50 mM, and
the concentrations resulted from the latter two
treatments were similar. It was observed that
the decreasing tendency of K in the culm in
treated plants of Welsh was more than in
Currency. On the contrary, the increase in K
accumulation in husks with increased in NaCl
levels was more in Currency than in Welsh,
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Fig. 1. Effect of NaCl on the distribution of Cl and Na ions in different parts of the
plant in two cultivars of hexaploid triticale. The ion contents are expressed on a dry
weight basis. , Welsh; HEB, Currency. Different letters indicate a significant
difference at p-=0.05.
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Fig. 2. Effect of NaCl on the distribution of K and Ca ions in different parts of the
plant in two cultivars of hexaploid triticale. The ion contents are expressed on a dry
weight basis. , Welsh; Hl, Currency. Different letters indicate a significant
difference at p=0.05.
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Fig. 3. Effect of NaCl on the distribution of Mg ion in different parts of the plant in

two cultivars of hexaploid triticale. The ion contents are expressed on a dry weight
basis. - B, Welsh; Hll, Currency. Different letters indicate a significant differ-

ence at p=0.05.

though the tendency in roots was opposite to
that in husks. Grains in both cultivars showed
a similar and increasing tendency in K accu-
mulation with increase in salinity level.

5. Calcium concentration

Calcium accumulation pattern in different
parts of the plant differed between cultivars
(Fig. 2). In Welsh, concentration of Ca ion in
the culm was lower in the 50 mM treatment
than in the control and 25 mM treatment. In
Currency, however, the concentration was
higher at 50 mM than at other salinity levels.
Leaves in Welsh showed high quantity of Ca
at 50 mM NaCl, whereas in Currency it did
not show such a response. Husks in Welsh
accumulated a significantly higher amount of
Ca in the plants treated with 50 mM NaCl
than in control plant, while in Currency the
husks accumulated less Ca at 25 mM NaCl

than in the control treatment. Salinity did not
affect the concentration of Ca ion in grains in
either cultivar. In roots, however, Ca was in-
creased under saline conditions in both Welsh
and Currency but the concentration was
higher in Welsh than in Currency.

6. Magnesium concentration

Similar to Ca, pattern of Mg ion distribution
did not show any clear-cut tendency to salinity
(Fig. 3). It seemed that NaCl treatment gener-
ally increased Mg concentration in the plant.
Culm in Welsh, however, showed a tendency
for decreasing Mg accumulation under saline
conditions. Magnesium in leaves and grains in
both cultivars seemed to have a tendency to
increase with the increasing concentration of
NaCl. Husks and roots in Welsh also showed
more or less a tendency of increasing Mg
accumulation under NaCl saline conditions.
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In Currency, however, Mg concentration in
those parts of the plant was not affected by
salinity.

Discussion

Under salt-stress conditions plants uptake
mineral ions from the growth media for os-
motic adjustment. So far, different kinds of
osmotica including inorganic mineral ions like
Na, K, and Cl, and metabolites such as
proline, glycinebetaine, and various organic
acids have been identified in salt-affected
plants. Among the osmotica, the increased
amount of Na and Cl creates a toxic effect on
plant growth®. In general, resistant varieties
maintain a smaller amount of Na and CI in
their shoots than susceptible ones, e.g. in
barley”, rice®, and wheat®. Kingsbury et al.
D however, did not observe a different con-
tent of these ions in wheat varieties differing in
salt-tolerance.

In this experiment, it was obvious that
Welsh, which showed more depressive growth
under NaCl-treatment conditions, accumulat-
ed more Na and Cl in the aboveground parts
of the plant than Currency. Consequently, it is
supposed that Welsh was affected more with
toxicity of Na and Cl ions than Currency. The
three ions, K, Ca, and Mg, did not follow a
similar accumulating tendency to Na and Cl
in different parts of the plant in either of the
cultivars tested. It is, therefore, possible to
conclude that difference in tolerance level
between Welsh and Currency is due to the
difference in quantitative accumulation of Na
and Cl ions in the shoots of these two cultivars.

Under saline conditions, K, Ca, and Mg
play a similar role in protecting the plant cells
from osmotic shock. They can be substituted
for one another as well as by other cations
during stress conditions. Accordingly, with the
increase in Na concentration under saline
conditions, K, Ca, and Mg ions may be de-
creased, especially in the shoot'®. In this
experiment these three ions showed a different
response in different parts of the plant. Potas-
sium concentrations decreased only in the
culm and in other parts either increased or
were not affected by increasing concentration
of applied NaCl in both cultivars. A different
mode in accumulation of Ca and Mg was
observed between the cultivars and among
different parts of the plant. Consequently, the

roles of these three ions are not clear in deter-
mining salt-tolerance levels in hexaploid
triticale cultivars. The results, however, sug-
gest that the relatively high concentration of
negative Cl ion in the culm and leaves in both
cultivars was primarily balanced by positive
Na and K ions!?.

The dissimilar growth response in different
parts of the plant under NaCl-stress condi-
tions may be related to the toxic effect of
accumulated ions of Na in particular. In both
cultivars the growth depression pattern among
the parts of the shoot exactly followed their Na
accumulation pattern, in which culm ac-
cumulated the most followed in descending
order by leaves and husks. However, the much
more reduction in grain production, although
it accumulated a smaller amount of Na and Cl
ions than other parts of the plant, suggests
that grain development is greatly affected in
the presence of Na and Cl ions, even though
the quantity of these ions are small.

It can be noted that all parts of the plant
except roots in Currency accumulated less
amount of Na and Cl ions than in Welsh.
Roots in Currency accumulated similar
amount of Na and more amount of Cl
compared to those in Welsh at both 25 and 50
mM NaCl levels. This dissimilar response of
roots to other parts of the plant in Currency is
supposed to be on a par with the idea that the
function of differential regulation of transport-
ing Na and Cl ions from the growth media to
the aboveground parts is located on the
roots'?| and roots in tolerant cultivar possess
higher regulating capacity than in susceptible
cultivar.
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