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EFFECT OF DIFFERENT EXTERNAL K+/Na+ AND Ca2+/Na+ RATIOS
ON GROWTH, IONIC COMPOSITION AND SELECTIVITY OF RICE

LINES VARYING IN SALT TOLERANCE

Muhammad ASlam, R.H.Qurcshi, N.Ahmed & Shafqat Nawaz
Dept. of Soil Science and Crop Physiology Univ. Agri., Faisalabad

Two separate experiments in solution culture were con-
ducted simultaneously under saline conditions with varying
external K:Na ratios. Shoot and root yield, their composition
and selectivity of Kover Na under all set of conditions were
calculated for NIAB-6 (salt tolerant) and IR 1561 (salt sensi-
tive). Salinity decreased shoot and root yield drastically but
different ratios of K:Na and Ca:Na did not affect these yields
in both cultivars. Concentration of K and Ca in tissues in-
creased with their increasing levels in the external solutions.
Salinity though reduced K:Na level in shoot and root yet salt
tolerant line (NIAB-6) maintained better selectivity (S K+' Na +;
under saline conditions. The role of Ca in the improvement of
K selectivity (8K+. Na +) under saline environment has been dis-
cussed.

INTRODUCTION

Both Ca2+ and K+ are required
in the external medium to maintain
the selectivity and integrity of cell
membrane (Wyn Jones and Lunt,
1967; Fageria, 1983). The role ofCa2+
becomes even more important in a
saline environment (Rains, 1972)
where plants take up excessive
amounts of Na+ at the cost of K+
and Ca2+ (Wyn Jones, 1981; Kuiper,
1984). Therefore, low Ca2+lNa+ and
K+lNa+ ratios in saline environment
may impair the selectivity of root
membrane and result in passive ac-
cumulation of Na+ in the root and
shoot (Kramer et al., 1977). In addi-
tionhigh K+lNa+ ratio is equally im-
portant for increasing the plant's
tolerance and resistauce to environ-

mental stress due to K role in osmo-
regulation, in~nergy status and in
the synthesis of high molecular
compounds (Beringer and Troll-
denier, 1978).

Salino-sodic soils differ in K+/
Na* and Ca2+lNa+ ratios (Richards,
1954). Plant growth under such con-
ditions is confronted with K+-Na+
interaction which may result in re-
duced yields due to ion imbalance
stress (Devitt et al., 1981). A study of
the impact of varying external
K+:Na+ and Ca2+:Na+ ratios on
'growth, Na+ and K+contents and the
potassium-sodium selectivity of two
rice lines was undertaken to assess
their relation to salt tolerance of
rice.



MATERIALS AND METHODS
Seedlings (14-day old) of the

two rice lines i.e. NIAB-6 (tolerant)
and IR-1561 (sensitive) were tran-
sferred to 1 em plugged holes in
thermopal sheets floating over 15 li-
ters of Yoshida nutrient solution
(Yoshida et al., 1972) in plastic tubs.
Eight holes were used for each line,
each hole having one seedling.
There were four repeats in the ex-
periment. Nutrient solutions were
prepared in distilled water and var-
ious ratios of K+and -Na+, and Ca2+
and Na" used in different treat-
ments were:

Experiment I

Ratios Total salinity

mol m-3
K+ + Na"

(40) nutrient solution

1:10 (0.1) 100 1:1
1:50 (0.02) 100 1:2
1:100 (0.01) 100 1:5
1:500 (0.002) 100 1:10
1:1000 (0.001) 100 1:20
1:5000 (0.0002) 100 1:40
OO(0.0001)סס1:1 100 1:80

tassium-sodium selectivity (SK+,
Nn+) was calculated in shoot and
root according to formula (Pitman,
1976).

K+lNa+ in plant tissue
SK+Na+o=---+---+----------------

, K INa in external solution

RESULTS AND DISCUSSION
Effect of external ~:Na + ratios on:
Shoot and root yield: Fresh weight of
shoot decreased drastically with the
addition of salts in the nutrient so-
lution (Table 1). Tolerant line
NIAB-6 had better shoot yield as
compared to the sensitive line IR-

Experiment II

Ratios Total salinity

Ca2+

eq m-3
Ca2+ + Na"

(40) nutrient solution

(1.0) 100
. (0.5) 100
(0.2) 100
(0.1) 100
(0.05) 100
(0.025) 100
(0.0125) 100

Total (K++ Na+/Ca2++ Na+)con-
centrations were increased by 25
mol m-3 day-l. The solutions were
changed frequently. After eight-
eenth day of salt stress, the fresh
and dry weights of shoot and root
were taken. Potassium, sodium and
calcium concentration was deter-
mined in the shoot and root sap. Po-

1561 at all ratios ofK+:Na+at 100 mol
m-3 (K++ Na+) salinity. On the aver-
age, yield reduction in the case of
tolerant and sensitive lines was 54
and 66 percent, respectively. Howev-
er, shoot yield indicated no consis-
ten t effect of K+:Na+ ratio of the ex-
ternal solution. Maximum shoot
yield in both the varieties was ob-
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served where external K+:Na+ ratio
was 0.002, while K+:Na+ratio of 0.1
produced the minimum yield under
100 mol m-:{(K++ Na+) salinity.

Root yield though decreased
with salinity yet the decrease was
relatively less than the shoot yield
(Table 1). At 100 mol m-3 (K++ Na+)
salinity, the root yield decreased to
about 55 and 43 percent of the re-
spective control in salt tolerant and
sensitive lines, respectively. Again
the effect of K+:Na+ ratios of the ex-
ternal solution did not show any
clear relations with rice line. How-
~ver, the K+:Na+ ratio of 0.002 pro-
duced the highest and K+:Na+ ratio
of 0.1 gave the lowest root yield as in
the case of shoot yield.

The shoot and root yields seem
to be affected by the complex inter-
action between the substrate salini-
ty, substrate K+:Na+ratios, nature of
the tissues involved and the cultivar
itself. It is worth noting that at both
the salinity levels the adverse effect
of K+:Na+ ratio of 0.1 was greater
than all other ratios studied.
Sodium in shoot and root: Sodium
concentration of shoot and root sap
in both the rice lines increased pro-
gressively with increase in Na+ con-
centration (Table 1) in the external
solution at 100 mol m-3 (K++ Na+)
salinity but the sensitive line JR-
1561 always had more sodium than
NIAB-6 at the comparable K+:Na+
ratio in the medium.

It is interesting to note that
both the lines maintained their Na+
to a uniform level when external
K+:Na+ratios were decreased from

0.1 to 0.001 after which the control
was lost and both the lines showed a
rapid increase in Na+ concentration
of root. Similarly, in the case of
shoot, Na+ concentration increased
more rapidly beyond K+:Na+ratio of
0.002.
Potassium in shoot and root: Potas-
sium concentration depends largely
upon the K+ level of the external so-
lution (it increased with increase in
external K+ concentration) and was
higher in shoot than in root in both
the lines. Nevertheless, both in
shoot and root, the K+ concentra-
tion was maintained at a higher
level in the tolerant line(NIAB-6)
as compared to the sensitive one
(RJ-1561) at the comparable K+:Na+
ratios in the medium.
Effect of external Ca2+:Na+ratios on:
Shoot and root yield; Different
Ca2+:Na+ ratios in external medium
considerably decreased the fresh
weights of shoot and root at 100 mol
m-3 (Ca2+ + Na+) salinity in both the
lines but the decrease was more in
the case of salt sensitive line JR-
1561 than NIAB-6 (Table 2).

Relatively more reduction in
shoot yield w~s observed at Ca:2+:Na+
ratio of 0.2 and 0.025 in NIAB-6 and
IR-1561 respectively (Table 2). In
general, the effect of Ca2+:Na+ ratio
on shoot yield was not much. The
effect on root yield was similar to
the shoot yield at 100 mol m-a (Ca2+
+ Na+) salinity. Results are in line
with the findings of Yeo and Flow-
ers (1985), who reported little effect
ofNa+:Ca2+ ratio in culture .solution
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on the growth of rice plant. Howev-
er, Muhammad et at. (1987) had re-
ported that increasing Ca2+:Na+ ra-
tio in saline culture solution
increased the dry weight of rice root
significantly. The positive response
in the later case was probably due to
the longer (42 d) growth period.

When the comparison of shoot
and root yields at different K~:Na+
and Ca2+:Na+ ratios at 100 mol m-3
salinity was made (the control treat-
ment for both the experiments was
the same and.These experiments,
were conducted simultaneously), it
was observed that yield reduction
due to addition of Ca2+ in the solu-
tion was less as compared to the ad-
dition of K+ to the solution culture to
alter the ratio of Na" in solution.

Devitt et at. (1981) and Ponnam-
peruma (1984) associated the de-
crease in plant and root yield with
the effect of salinity whereas Wyn
Jones and Lunt (1967) associated
this with Ca2+ deficiency (ion imbal-
ance).
Sodium and potassium in shoot and
root: The results of this experiment
for Na" and K+ values were almost
similar to the results of the experi-
ment-I. The concentration of Na"
increased and of K+ decreased with
decreasing ratio of Ca2+:N a+ in the
culture solution at 100 mol m-3 (Ca2+
+ Na") salinity both in the shoot
and root of the two rices under
study. However, K+ concentration in
root was higher in the salt tolerant
line (NIAll-6) compared with the
salt sensitive line (lR-1561), where-
as IR-1561 accumulated more Na"

in its shoot than NIAB-6 (Table 2).
Calcium concentration in shoot and
root: The salt sensitive line main-
tained higher level of Ca2+ in its
shoot and root tissues under all con-
ditions (Table 2). Generally, Ca2+
concentration in shoot ~d root de-
creased progressively with decreas-
ing Ca2+:Na+ ratio in the root medi-
um at 100 mol m-3 (Ca2+ + Na")
salinity. As compared to control,
Ca2+ concentration increased drasti-
cally at 100 mol rn-:-3 (Ca2+ + Na") sa-
linity between Ca2+:Na+ ratios of 1.0
to 0.05 but after that its concentra-
tion was even lower than control in
both lines in the shoot and root.
This might be due to the deficiency
of Ca2+ in the system due to de-.
creased Ca2+:Na+ ratio.
Potassium-sodium selectivity (SK+,
Na+) of shoot and root as affected by
varying K+:Na+/Ca2+:Na+ ratios in
the external medium

Calculated SK+,Na+ values in-
dicate that in both the lines there
was a rapid increase in shoot SK+,
Na+with decrease ih external K+:Na+
ratio below 0.01 and in root SK+,Na+
below K+:Na+ratio of 0.02 at 100 mol
m-3 (Na" + K+) concentration (Fig.
1). There was little selectivity for K+
under control conditions and at
high external K+:Na+ ratios. The

"SK+,Na+ was twice as high in NIAB-
6 than the sensitive line IR-1561 at
the lowest K+ concentration (1(+:Na+
ratio of O.OOOI). This indicated a
good correlation between SK+,Na+
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and salt tolerance pattern of the va-
rieties. The pattern in root selec-
tivity values was similar to that of
shoot but the magnitude of the dif-
ferences between NIAB-6. and IR-
1561 was smaller than in the case of
shoot.

Selectivity values of shoot un-
der varying ratios ofCa2+:Na+ in the
external solution at 100 mol m-3

(Na+ + Ca2+) salinity indicated that
shoot SK+,Na+ increased up to exter-
nal Ca2+:Na+ ratio of 0.1 and below
this ratio it again decreased in both
the rice cultivars (Fig. 2).

Root SK+,Na+pattern (Fig. 2) in
both the 'rice lines was almost the
same; the lowest potassium selec-
tivity was observed at Ca2+:Na+ of
0.05 in NIAB-6 and at 0.1 in the
case of IR-1561. However, root se-
lectivity values for K+ versus Na+
were also poor in IR-1561 as com-
pared to NIAB-6 but the relative
concentration of Ca2+:Na+ ratio in
the two lines was of the similar or-
del'; Comparatively poor growth of
rice in high K+:Na+ ratio (0.1) in
extrnal solution might be due to
greater relative proportion of KCI in
the medium. Higher toxicity of KCI
over NaCI in Sorghum bicolor
(Weimberg et al., 1982) have been re-
ported.

Potassium and sodium concen-
trations in shoot and root were di-
rectly related to the K+ and Na+ com-
position (K+:Na+) in the growth
medium, indicating that their up-
take was a function of their concen-
tration and composition in the me-
dium. Similar results have been

reported by Devitt et al. (1984).
In general, salinity reduced

K+:Na+ level in shoot and root but
the salt tolerant line maintained
higher selectivity (SK+' Na+) due to
preferential uptake of K+ over Na+
under saline conditions. Similar re-
sults have been reported by Pitman
(1965), Yeo and Flowers (1984). This
phenomenon has also been reported
in many other crops (Greenway and
Munns, 1980, Wyn Jones, 1981; Gor-
ham et al., 1985).

Although increasing Ca2+: Na+
ratio did not increase the shoot or
root yield consistently but it de-
creased Na+ concentration, improved
K+:Na+ ratio in shoot and root and
also improved K+ selectivity (SK+,
Na+) for shoot and root in both the
lines and this phenomenon is much
elaborated in the salt tolerant line.,
Yamauchi et al. (1986) and Muham-
mad et al. (1987) argued that Na+
uptake and growth in salinized con-
ditions was affected by concentra-
tion of Ca2+ and K+ ions in the medi-
um which caused the change of
selectivity of ions on the surface or
membrane of root. This fact clearly
indicates that Na+ uptake from root
is affected partly by selectivity of
ions by root. This suggests that an
adequate amount of Ca2+ in propor-
tion to Na+ must be present in the
system to improve and/or maintain
selectivity (SK+,Na") as well as integ-
rity' of the cell membrane.
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