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Abstract

Background: Salinity is a serious factor limiting the productivity of agricultural plants. One of the potential problems
for plants growing under saline conditions is the inability to up take enough K*. The addition of K™ may consider-
ably improve the salt tolerance of plants grown under salinity. It is assumed that increasing the Kt supply at the root
zone can ameliorate the reduction in growth imposed by high salinity. The present study aims to determine whether
an increase in the K/Na ratio in the external media would enhance the growth of date palm seedlings under in vitro
saline conditions.

Methods: Date palm plants were grown at four concentrations of Na 4 K/Cl (mol/m?) with three different K/Na
ratios. The 12 salt treatments were added to modified MS medium. The modified MS medium was further supple-
mented with sucrose at 30 g/I.

Results: Growth decreased substantially with increasing salinity. Growth expressed as shoot and root weight,
enhanced significantly with certain K/Na ratios, and higher weight was maintained in the presence of equal K and
Na. Itis the leaf length, leaf thickness and root thickness that had significant contribution on total dry weight. Na™*
contents in leaf and root increased significantly increased with increasing salinity but substantial decreases in Na™*
contents were observed in the leaf and root with certain K/Na ratios. This could be attributed to the presence of a
high K* concentration in the media. The internal Na™ concentration was higher in the roots in all treatments, which
might indicate a mechanism excluding Na* from the leaves and its retention in the roots. K/Na ratios up to one sig-
nificantly increased the leaf and root K™ concentration, and it was most pronounced in leaves. The K contents in leaf
and root was not proportional to the KT increase in the media, showing a high affinity for K uptake at lower external
K+ concentrations, but this mechanism continues to operate even with high external Na* concentrations.

Conclusion: Increasing K/Na ratios in the growing media of date plam significantly reduced the absorption of Na™
less than 200 mM and also balance ions compartmentalization.
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Background

Salinity is a serious factor limiting the productivity of
agricultural crops [20]. Although drainage and the supply
of high-quality water can solve this problem, these meas-
ures are extremely costly and not feasible for extensive
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application to agriculture [25]. High salinity adversely
affects plants due to water stress, ion toxicity, nutritional
disorders, membrane disorganization, reduction of cell
division and expansion [19, 28].

One of the potential problem for plants growing under
saline conditions is the inability to uptake enough K%,
thus creating Kt deficiency as a result of high concen-
tration of Na* and its competition with K* [28]. Low
uptake of K may occurs because, in saline soils, K is
usually present at lower concentrations than Na*. Under
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non-saline conditions, plants are able to limit their Na™
uptake. However, with increasing salinity, Na* is abun-
dantly absorbed by most plants, even to lethal levels [20,
19]. The addition of Kt may considerably improve the salt
tolerance of many crops [15, 32] by maintaining the ion
transport balance across the plasma- and intra-organelle
membrane [10, 27]. Application of Multi-K (potassium
nitrate) is a very efficient method of combating stresses
and enhancing crop performance under saline condi-
tions. This concept has been validated for five crops [1].

It is generally assumed that Na' is compartmental-
ized into vacuole, unlike K*, which is sequestered in the
cytoplasm, resulting in maintenance of a high K/Na ratio
in cytoplasm [17, 24]. However, Cuin et al. [8] in quan-
titative measurements of cytosolic potassium activity in
leaf cell compartments of plants subjected to salt stress,
reported reduced cytosolic potassium activity to 15 mM
despite the vacuole still contain 47 mM. Potassium is
ultimately involved in mitigating the detrimental effects
of salinity to plant metabolism [29]. Very recently Ans-
chutz et al. [6] in their review showed that regulation of
intercellular potassium homeostasis is essential to medi-
ate plant response to a broad range of biotic stresses
including drought, salinity and oxidative stress.

An inadequate rate of accumulation of osmotic sol-
ute in growing tissues of roots and leaves may limit
the growth of many crop plants. High Na™ concentra-
tions in the leaves may help to maintain turgor, which
drives growth in the growing zone [31], but it cannot

Page 2 of 9

substitute for adequate K* concentration, presumably
because K* plays essential roles in energy transfer and
utilization, protein synthesis, carbohydrate metabo-
lism, transport of sugars from leaves to fruits, and pro-
duction and accumulation of oils [23]. However, high
accumulation of Na' in plant tissue may cause dam-
aging effects due to ion excess. Moreover, the ability
of the plant to maintain high cytosolic K/Na ratio has
been named as a key determinator of a plant salt toler-
ance [18, 28].

Date palm (Phoenix dactylifera L.), being cultivated
mostly in arid and saline conditions, and affected by
excess salts, has not been previously explored for most
of the physiological responses such as K™/Na% ratio.
The present studies were therefore, aimed to determine
whether an increase in the K/Na ratios in the external
media would enhance the growth of date palm seedlings
under in vitro saline conditions.

Results

Growth expressed as root, shoot and total dry weights
reduced substantially with 200 mol/m® (Na + K)/Cl
compared to 10 mol/m?® (Na + K)/CI (Table 1). Adverse
effects of increasing (Na + K)/Cl concentration were
more pronounced on shoots than on roots. Root and
shoot dry weights of date palm seedlings were dras-
tically increased in the presence of equal concentra-
tions of K* and Na*, even at 200 mol/m® (Na + K)/Cl
(Table 1). The shoot/root ratio significantly reduced at

Table 1 Effects of Na + K/Cl concentration and K/Na ratio on leaf and root dry weight (mg/plant), total dry weight (mg/

plant) and leaf dry weight/root dry weight ratio

Interaction (salinity x K/Na ratio) Leaf dry weight Root dry weight Total dry weight Ratio of leaf d.w./root d.w.
10 mol/m?

0 268 125 393 2.329

0.5 428 134 562 3.953

1 359 208 567 1.845
50 mol/m?

0 267 132 399 2923

0.5 262 165 427 1.742

1 338 133 471 3.107
100 mol/m?3

0 408 143 551 2.875

0.5 351 113 465 3.821

1 393 152 545 2676
200 mol/m’

0 180 135 315 1.591

0.5 224 179 403 1272

1 281 137 418 2.585
SEDs (df) 51(6) 11.5(6) 483 (6) 046 (6)

Stander error deviation (SEDs) at P < 0.05
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the highest salinity level (Table 1). However, it was signif-
icantly increased with increasing K/Na ratios from 0-1.

Regression between root thickness and total dry weight
gave nonlinear correlations but with relatively good to
fair coefficient of determination r* = 0.45 while coef-
ficient of determinations r? of root number and root
length were very poor (Table 2; Fig. 1). On the other hand
Regression between leaf length, and leaf thickness and
total dry weight gave nonlinear correlations but with rel-
atively good to fair coefficient of determinations r* = 0.55
and 0.37 respectively, while coefficient of determination
1 of leaf no. was very poor (Table 2; Fig. 2).

The Na® content increased significantly as the
(Na + K)/Cl concentration increased, particularly at the
0 K/Na ratio (Fig. 3). However, at 200 mol/m® (Na + K)/
Cl, the leaf Na™ concentration decreased significantly
at both the 0.5 and 1 K/Na ratios (Fig. 3). Varying K/Na
ratios from 0—1 consistently decreased the Na™ concen-
tration in roots and leaves at all (Na + K)/Cl concen-
trations. The only exception was observed in leaves at
10 mol/m3 (Na + K)/Cl, for which K/Na at the 0.5 ratio
had the highest Na™ concentration (Fig. 3). The K* con-
tents in leaves and roots decreased significantly as the
(Na + K)/ClI concentration increased (Fig. 4). K/Na ratios
up to 1 increased significantly the K™ concentration in
leaves and roots, and it was especially pronounced in
roots at higher K/Na ratios (Fig. 4).

The root Ca?* concentration of 10 mol/m? (Na + K)/Cl
was highest at the K/Na ratios of 0.5 and 1. The root Ca**
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concentration was significantly reduced at the K/Na ratio
of 1.0 at the highest (Na + K)/Cl concentrations (Fig. 4).
At 10 mol/m® (Na + K)/Cl, the Ca?>" concentration in
the leaves was significantly increased with increasing
K/Na ratios. However, at 100 mol/m® (Na + K)/Cl, the
Ca’" concentration in the leaves remained relatively
unchanged with varying K/Na ratios, and it was lower
than in the 10 and 50 mol/m® (Na + K)/Cl conditions
(Fig. 3).

Root Cl™ concentration was significantly increased as
Cl™ concentration increased in the root media (Fig. 4).
Varying K/Na ratios had no significant effects on root
Cl™ concentrations. The Cl~ concentration followed
approximately the same patterns in leaves and in roots
(Figs. 3, 4).

Discussion

Growth expressed as root, leaf and total dry weights
reduced substantially in the presence of 200 mol/m3
(Na + K)/Cl (Table 1). This reduction under salinity
is consistent with the results of Aljuburi et al. [3], Al-
Abdoulhadi et al. [2], Darwesh [9] and Sperling et al.
[30] in date palm. High NaCl levels inhibited leaf expan-
sion, largely due to an inhibition of cell division rather
than of cell expansion [7]. Adverse effects of increasing
(Na 4+ K)/Cl concentration were more pronounced in
leaves than in roots, indicating that root growth was less
affected by salinity; this was supported by the results for
root and leaf length (Table 2). Consequently, the leaf/root

Table 2 Effects of Na + K/Cl concentration and K/Na ratio on root and leaf number, root and leaf length (mM), root

and leaf thickness (uM)

Interaction (salinity x K/Na ratio) Root no. Leaf no. Root length Leaf length Root thickness Leaf thickness
10 mol/m?

0 6.00 2.50 9.96 26.22 58.26 7.26

0.5 1.76 3.00 13.58 27.32 79.00 17.26

1 3.26 3.26 8.500 34.88 69.50 13.50
50 mol/m?

0 3.26 3.76 8.56 19.62 55.26 748

0.5 6.50 4.00 7.62 27.12 47.76 7.76

1 3.76 3.00 7.92 21.50 62.40 17.50
100 mol/m?

0 3.50 3.50 748 25.56 76.00 12.26

0.5 4.00 3.80 8.16 28.08 60.80 11.00

1 5.50 3.00 6.68 28.50 70.50 23.50
200 mol/m?

0 3.00 3.26 8.10 16.72 70.26 12.00

0.5 3.68 332 9.00 25.10 75.32 10.00

1 4.00 3.00 8.38 23.26 67.26 14.26
SEDs (d.f) 0.365 (6) 0.352 (6) 1.21(6) 2.89 (6) 105 (6) 1.76 (6)

Stander error deviation (SEDs) at P < 0.05
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ratio was expected to decrease with increasing (Na + K)/
Cl concentrations. Moreover, visual observation (Fig. 5)
of date palm offshoots grown under the highest salinity
concentration showed necrosis at the tips and margins of
leaves, which could be attributed to salt toxicity.

The increase in root and shoot dry weights of seed-
lings at K/Na ratio of 1, even at the highest salinity level
(Table 1) is consistent with the results of Achilea [1] in
five crop species. Concerning the relationship of total
dry weight and growth parameters, the relatively good
to fair correlations indicated that leaf length, leaf thick-
ness, and root thickness had significant contribution
in total dry weight (Figs. 1, 2). Shoot/root ratio reduced
significantly at high salinity, but increased substantially
with increasing K/Na ratios from 0—1. This might be due
to dry weight partitioning between shoot and root, being
significantly affected by varying K/Na ratios, in addi-
tion, root growth was always less affected by salinity than
shoot [24].

Increasing leaf and root internal Na® concentrations
with increasing salinity levels, particularly at lower K/
Na ratio (Figs. 3, 4), were reported in date palm [2, 3, 9,
30]. However, at the highest (Na + K)/Cl concentration,
the leaf Nat concentration decreased significantly at
both 0.5 and 1 K/Na ratios (Fig. 3). This could be attrib-
uted to the presence of a high concentration of K in the
media. The internal Na™ concentration was higher in the
roots than leaves with all treatments, which might indi-
cate a mechanism that excluded Nat from the leaves
and caused its retention in the roots. Such a mechanism
helps to maintain the level of Na™ in leaves at low con-
centration. However, to protect metabolism from adverse
effects of high Na™ concentrations in roots or leaves, ion
compartmentation is required to take place in the differ-
ent cell components. Leigh and Wyn Jones [16] reported
that Na' ions often excluded from the cytoplasm and
accumulated in vacuoles. Varying K/Na ratios decreased
Na™ concentrations in roots and leaves at all (Na + K)/Cl
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concentrations. The lower Nat concentrations in leaves
and roots of plants grown with K/Na ratios of 1 could be
attributed to the slower growth of these plants, particu-
larly for the leaves. Alternatively, the rate of exporting
Na* from roots to leaves may have been lower in plants
grown with a K/Na ratio of 1 than in those grown with K/
Na ratios lower than 1.

The K contents in leaves and roots decreased signifi-
cantly with increase in Na + K/CI concentration in the
growing medium (Figs. 3, 4). The lower internal K* con-
tents with an increase in external Na™ concentration in
the absence of K in date palm might be due to the ten-
dency of the Na™ to compete with K* for major binding
sites including control of enzymatic activity or a direct
competition between K* and Na™ [29]. K/Na ratios up to
1 significantly increased leaf and root K* contents with
substantial increase in leaves particularly at higher K/Na
ratios (Figs. 3, 4). However, there was no proportionality
of leaf and root K* contents to K* increase in the exter-
nal media, showing a high affinity for K™ uptake at low
external K™ concentration, but this mechanism is still
operative even with high external Na* concentrations
[11]. KT contents were higher in roots than in leaves with

the absence of salinity. This was expected because Kt and
Na' contents in the roots depend on active and passive
fluxes of Na* and K%, respectively, into and out of the
root.

The date palm seedlings grown at 100 mol/m® Na + K/
Cl with a K/Na ratio of 0 and 1, had 206 and 210, 290 and
310 mol/m® K* in roots and leaves, respectively (Figs. 3,
4). However, to protect the plant metabolism from excess
ions, compartmentalization is required. [8] reported
unequal compartmentation of K™ between cytosol and
vacuole, with a threefold more K* in vacuole than cyto-
sol. With this assumption, cytoplasm of root and leaf will
have around 70 and 100 mol/m3 K* in a K/Na ratio of 0
and 1, respectively. According to He and Wang [14], seed-
lings grown under saline conditions accumulated more
than 60 % of Na™ in vacuoles. Assuming this, Na* con-
tents in the cytoplasm of roots and leaves will be approxi-
mately 178 and 157 mol/m?, 122, and 125 with 0 and 1 K/
Na ratios, respectively. Groham et al. [13] reported that
the concentration of inorganic ions in the cytoplasm
(especially of meristematic cells) is in the range of 100—
200 mol/m?, This situation reflects a low internal K/Na
contents in cytoplasm particularly under high salinity
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with the absence of K™ supply. Alternatively, ions may
accumulate in the cell wall reducing turgor pressure [22],
which is the driving force of plant growth. Moreover, the
regulation of intercellular potassium homeostasis is also
essential to mediate plant response to a broad range of
biotic stresses including drought, salinity and oxidative
stress [6]. Moreover it is suggested that not only cytosolic
K/Na ratios but also absolute concentrations of K are
essential for conferring salinity stress tolerance [29].

Decrease in Ca’>" concentration in roots and leaves
of date palm with increasing (Na 4+ K)/Cl concentra-
tions might have induced displacement of Ca®* by Na™
in cell membrane [11]. However, Darwesh [9] elucidated
that date palm plantlets clarified high calcium con-
tents under salinity applications. The removal of Ca**
from the membrane affects adversely the mechanism of
selective ion transport and increase membrane perme-
ability [5]. However, it appears that the presence of Kt
in the external media positively affects Na' displace-
ment of Ca®>", particularly with the highest (Na + K)/Cl
concentrations.

Root Cl™ concentration increased significantly as
CI™ concentration increased in the root media (Fig. 4).
Darwesh [9] obtained similar results growing date palm
seedlings under salinity and amino acid treatment. It
appears that varying K/Na ratios had no significant
effects on root Cl™ concentrations. Roots had much
higher CI™ concentrations than leaves. Leaf CI~ con-
centrations followed approximately the same pattern
as in root (Figs. 3, 4). Groham et al. [13] showed that
ion toxicity was usually associated with either excessive
chloride or sodium intake. However, there was a slight
increase in the leaf Cl™ concentration with increas-
ing K/Na ratios. Moreover, Cl™ is a prevalent anion
accompanying Kt or Na¥; therefore, its concentration is
expected to be equivalent to the sum of Na + K. This
concurrence of Na + K complicates the evaluation of
Cl~ specific toxicity. At 200 mol/m® (Na + K)/Cl, the
internal Na 4 K concentration in roots and leaves were
much larger than Cl~ concentration. Although Na™
appears to reach a toxic concentration before Cl~ for
most species, while for other species such as soybean,
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Fig. 5 Effects of salinity and K/Na ratio on date palm cv. Barhi seedlings in vitro

citrus and grapevine, Cl™ is regarded as more toxic than
Nat [24].

Conclusion

The growth of date palm reduced substantially with
increasing salinity. Increasing K/Na ratio on the grow-
ing media enhanced date palm seedling growth. This
improvement in growth was accompanied by a decrease
in Na' concentration and an increase in K™ concentra-
tion in the plant tissue with lower Cl™ concentrations
in leaves and roots of date palm. Adding K* to the salt
containing media of date palm reduced the absorp-
tion of Na™ less than 200 mM and also balances ions
compartmentalization.

Methods

This experiment was conducted in the Tissue Culture
Laboratory of the College of Agriculture and Food Sci-
ences, King Faisal University, Kingdom of Saudi Ara-
bia. Date palm offshoots cv. Barhi of approximately 3 to
4 years old and weighing 5-7 kg were separated from
healthy mother trees. Offshoots were cleaned thoroughly
and the outer leaves were carefully removed to expose
the region of the shoot tip and lateral buds. The exposed
region was excised and placed immediately in antioxidant

solution containing 15 mg/l ascorbic acid and 100 mg/l
citric acid. The shoot tip and lateral buds were sterilized
in 20 % v/v Clorox solution for 15 min, followed by rins-
ing 3 times with distilled water. The tissues were kept in
the previous antioxidant solution until explant excision
for culturing. The shoot tip and lateral buds were sec-
tioned into explants of approximately 1 cm, which were
used for culture initiation as described by Alkhateeb and
Ali-Dinar [4]. One rooted plant resulted from rooting
media was transferred to a test tube of 20 mm in diam-
eter and 200 mm in length filled with 15 ml of modified
MS salts medium [21] supplemented with 125 mg/l ino-
sitol; 200 mg/1 glutamine; 1 mg/l thiamine HCl; 1 mg/1
pyridoxine HCL; 1 mg/l nicotinic acid; 1 mg/l calcium
pantothenate; 1 mg/1 biotin; 7 g/ purified agar, and 30 g/l
sucrose. Potassium phosphate, potassium nitrate, potas-
sium iodide, sodium molybdate, and Na2EDTA-2H,O
were eliminated from the MS media to avoid any inter-
ference with the treatment concentrations of Na and
K. The modified MS media was supplemented with the
12 salt treatments (Table 3). Cultures were incubated at
25 £ 2 °C with 16 h of light daily supplied by 65/80 Warm
White Weisse 3500 fluorescent tubes. Each treatment
was represented by 10 replicates (tubes) in a factorial,
completely randomized design.
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Table 3 Concentration of K* and Na* (mol/m3) required
for the evaluation of K/Na ratio in the external media

(Na + K) Cl concentration (mol/m?3) K/Na ratio
0.0 0.5 1.0

10

K+ 0 333 5

Na™ 10 6.67 5
50

K* 0 16.7 25

Na™ 50 333 25
100

K+ 0 333 50

Na™* 100 66.7 50
200

K+ 0 66.7 100

Na™ 200 133.3 100

(Kand N) were supplied as KCl and NaCl, respectively

Plants were harvested 3 months after the treatments
were applied. Plants were separated into shoot and
roots, and their fresh weights were determined. The
shoots were washed twice in distilled water, and ions
were removed from the free spaces around roots by
washing for 2 min in sorbitol solutions isotonic with the
treatment concentration in which the plants had grown.
To determine the dry weight, shoots and roots were
dried at 85 °C for 48 h. For the analysis of K*, Na*, Ca’",
and CI7, samples of 500 mg of fresh material of leaves
or roots were homogenized using a mortar and pestle
and were extracted in 25 ml of distilled deionized water
at 90 °C for 4 h. The Na* and K* contents were deter-
mined with a flame photometer (Jenway, PFP7). Ca*"
was measured with a GBS 905 atomic absorption spec-
trophotometer. ClI~ was determined using a chloride
meter (Jenway, PCLLM3).

Data was subjected to statistical analysis as a factorial
design according to Gomez and Gomez [12]. Statistical
analyses were performed using SAS software [26]. Means
were separated by standard error deviation with their
corresponding degrees of freedom.
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