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Decrease in yield of crop may be related to the imbalance of essential plant nutrients within the plant which may
be controlled by the composition in the rooting medium, therefore, some experiments were conducted to
determine whether some appropriate external ratios of ions help to maintain the suitable internal ionic composition
and thus improve rice growth in the saline conditions. Hence, different ratios were established in the saline
substrate involving two rice lines, i.e. NIAB 6 (salt tolerant) and BG 402-4 (less salt tolerant). Results showed that
higher Ca

2
+:Na+ ratios in the external medium did help in improving the shoot and root growth as well as they

reduced the Na+accumulation and improved K+:Na+ ratio and K+ selectivity in both lines. It is confirmed that an
adequate amount of Ca

2
+in proportion to Na+must be present in the system to improve and/or maintain better K+

selectivity (S K+Na+).

;

INTRODUCTION

The typical response of plans to salts in root medium is
growth inhibition (Mass and Hoffman, 1977; Flowers et
aI., 1991). As salt concentration increases above
threshold level, both the rate of growth and vigor plant
species are progressively decreased. Shoot growth
was more affected than root (Sharma, 1986). The
growth reduction in plants may be due to osmotic effect
specific ion effects and nutritional imbalance. Low
Ca2+:Na+ratio in a saline environment may impair the
selectivity of roots for ion uptake and results in the
passive accumulation of toxic ions such as Na+ in the
root and shoot ( Kramer et a/., 1977). Exceeding high
sodium in clay containing soils cause loss of soil
permeability and structure. Adequate calcium is,
therefore, required in the external medium to maintain
selectivity and integrity of plasma membrane (Rengel
1992 and Hussain et al. 2003). In saline environments
where plants take up excessive amounts of sodium
and at the cost of potassium; calcium ions play an
important role in reducing sodium ion accumulation in
plants (Subbarrao et a/., 1990; Zidan et a/., 1991) and
thus alleviates the deleterious salt affects by mitigating
the toxic effects of sodium ion rather than the osmotic
effects associated with salt stress (Bliss et al., 1986).
Therefore, the ratio of Ca/Na in the rooting medium
appears as the more reliable indicator of salt stress
than the concentration of sodium ion alone (Rengel,
1992). The impact of varying external Ca2+:Na+ ratios
on growth, Na+ K+ contents in young leaves and
potassium sodium selectivity( SK+Na+)of two rice lines
varying in salt tolerance is discussed here.

MATERIALS AND METHODS

Seedlings (15 days old) of two rice lines i.e. NIAB 6
and BG 402-4 were transferred in 1 cm plugged holes
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in the thermo pole sheets floating over 20 liters of
Yoshida nutrient solution (Yoshida et aI., 1976) in
plastic tubs. Three holes were used for each line, each
hole having one seedling. There were three
replications in the experiment. Nutrient solutions were
prepared in the distilled water. Various ratios and
concentrations of Ca+2 and Na+ used in different
treatments were as follows:

--
Ratio The total salinity Cf contents Na+

Ca2+:Na+ me L·1 (Ca2+:Na+) mol rn' Contents
(on equivalent basis) mol rn'

Control Nutrient solution
(1:0.025)
100:1 100 102.7 1.7
75:25 100 105.3 25.7
50:50 100 1000 514
25:75 100 1040 701
1:100 100 106.0 1028

Sodium chloride and calcium chloride were dissolved
on equivalent basis to develop the required salinity
although the total salinity is expressed in terms of mol
rn' of NaCI Convenience. An equal level of chloride
was maintained in all treatments by the addition of
CaS04 along with CaCI2 where required. Three days
after transplanting, respective salt/salts were added to
salinize the medium in three equal increments per 24
hours up to the final salinity level. The substrate
solution was changed weekly and the pH was
maintained daily. Third leaf from the top was sampled
at two stages i.e. 15 days and 30 days after salt stress,
and processed for analysis. The plants were harvested
after 30 days and physical data was collected.
Potassium and sodium selectivity (S K+, Na+) and
coefficient of shoot elongation (CSE) were calculated
according to the formula:
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K+:Na+in plant tissue
S K+, Na+ = (Pitman, 1965)

K+:Na+ in external solution

Rate of shoot elongation of treatment plants in cm day'
CSE = (Devitt et aI., 1984)

Rate of shoot elongation of control plants in ern day'

Plant leaf cell sap was extracted and it was analyzed
for Na+, K+, Ca2+ and cr while P and Zn were
determined from wet digestion extract. (Richard, 1954;
method 54a). The data was analyzed statistically (Steel
and Torrie, 1980).

RESULTS AND DISCUSSIONS

The study indicates that salt stress decreased plant
growth and reduction in growth (shoot and root length,
shoot and root weight, tillering capacity) because of
salinity, (Table 1 & 2). Our results showed that

number of researchers. This inhibition in growth is
believed to be related to the osmotic effect, specific ion
toxicity and nutritional imbalance (Marschner, 1986;
Flowers et a/., 1991). The effect of Ca2+:Na+ on shoot
growth was quite conspicuous in the present stud¥.
The data clearly indicate that the positive effect of Ca +
on growth (shoot weight and tillering capacity) was
directly related to the decreased uptake of Na+, higher
uptake of K+, and better K:Na ratio in the leaf sap
(Table 1&3). However, the ratio 75:25 gave the
maximum K+ selectivity while the Ca:Na ratio of 100:1
gave the minimum K+ selectivity (Fig. 1) which may be

Table 1. Effect of external calcium: sodium ratio at 100 mol m'J (CaCI2+NaCI) on growth of two rice lines
(Average of three replicates)

100 mol m'3 (CaCI2+NaCI)

Varieties/lines
Control Ca2+:Na+ratio

(Nutrient Soln)
100:1 75:25 50:50 25:75 1:100

Shoot length (cm)

NIAB 6 68.5 a 64.0 b 64.0 b 64.7 b 62.0 bc 54.8 d

BG 402-4 68.8 a 63.3 b 63.7 b 62.0 bc 60.0 c 51.7 e

Coefficient of shoot elongation

NIAB 6 1.0 0.9 0.9 0.9 0.9 0.8

BG 402-4 1.0 0.9 0.9 0.9 0.8 0.7

Root length (cm)

NIAB 6 19.5 a 12.2 c-e 14.2 b-d 15.3 b 15.5 b 16.2

BG 402-4 21.0 a 12.0 e 13.2 c-e 12.3 d-e 14.2 b-d 14.5 bc

Tillering capacity (No. Planr1
)

NIAB 6 41.0 a 31.6 c 28.7 d 26.7 d 22.5 f 20.3 g

BG 402-4 38.8 b 28.8 d 26.0 e 23.0 f 19.7 g 19.0 g

Means followed by the same letters in rows or columns are statistically non-siqnificant with each other.

increasing the proportion of Ca+in the rooting medium
minimized the loss in shoot weight. There was also a
consistent improvement in the tillering capacity of two
varieties with increase of in the Ca:Na ratio. Loss in the
shoot growth at the lowest Ca2+:Na+(1:100) ratio was
more than twice the loss at the highest Ca2+:Na+ ratio
(100:1) in the medium in both the lines. It has also
been observed in various rice and other crops by a

due to the direct competition of K+ with Ca2+ Higher
proportion of Ca2+ in the saline rooting medium was
minimized the loss in shoot weight on relative basis
(Table 2). In NIAB 6 the relative reduction in shoot
weight as compared to control was 21% whereas the
equivalent value for BG 402-4 was 23% at 100:1
(Ca2+:Na+). Decreasing the external Ca2+:Na+ratio of
the medium enhanced the loss in relative weight; it
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Table 2. Effect of external calcium: sodium ratio at 100 mol rn" (CaCI2+NaCI) on shoot and root weight of
two rice lines (Average of three replicates)

100 mol m-3 (CaCI2+NaCI)

Varieties/I ines Control Ca2+:Na+ratio
(Nutrient Soln)

100:1 75:25 50:50 25:75 1:100

Shoot fresh weight (g plant")

NIAB 6 80.7 63.3 c 58.0 d 51.7 e 42.6 f 35.4 g

(21.6)* (28.1 ) (35.9) (47.3) (56.2)

BG 402-4 76.3 b 58.6 d 52.6 e 44.1 f 36.3 g 26.4 h

(23.3) (30.5) (42.1 ) (51.9) (62.2)

Shoot dry weight (g plant")

NIAB6 18.8 a 14.3 c 12.1 d 9.9 e 8.7f 6.6 g

(23.3) (35.7) (47.0) (53.7) (64.9)

BG 402-4 17.5 ba 12.1 d 9.2 f 8.8 g 6.9 g 5.1 h

(30.7) (47.5) (49.6) (60.3) (71.1 )

Root fresh weight (g plant")

NIAB6 28.9 a 22.8 c 18.9 d 16.2 e 13.2 f 9.3 g

(20.8) (34.6) (43.9) (54.3) (67.8)

BG 402-4 25.5 b 18.4 d 15.5 e 13.1 f 10.2 g 6.7 h

(27.8) (39.2) (48.2) (60.0) (73.7)

Root dry weight (g plant"]

NIAB 6 2.9 a 2.0 b 1.4 d 1.2 e 0.9 f 0.8 h

BG 402-4 2.9a 1.6 c 1.2 e 0.9 g 0.82 h 0.1 i

* = Percent reduction over control
Means followed by the same letters in rows or columns are statistically non-significant with each other.

increased from 23 to 56% in NIAB 6 and 23-67% in the
case of BG 402-4.
These results are in line with the results of Muhammad
et al. (1987) who reported that increasing Ca2+:Na+
ratio in saline culture improved the fresh and dry
weight of rice. However, little effect of Ca2+:Na+ ratio
was observed on shoot yield by Yeo and Flowers
(1985) and Aslam etal. (1990a). The positive response
in the present study was probably due to the longer
(30d) growth period. An increase in the paddy yield
reported by Aslam et a/., (1993) by the application of
gypsum to dense saline sodic soil, which had very poor
hydraulic conductivity, was obviously related not to the
reclaimatory effect of Ca2+ but to an improvement to
Ca2+:Na+of soil solution. Thus the decrease in the root
and shoot yields with salinity, and with decreasing
Ca2+:Na+ ratio of external medium could be related to
the osmotic effect (Ponnamperuma, 1984) or Ca2+
deficiency of the growth medium (Wyn Jones and Lunt,

I

1967). The genetic control of salt tolerance in rice was
also clear in this study as the more salt tolerant variety
NIAB 6 gave significantly greater fresh and dry weights
of shoot and root at high salinity under all Ca2+:Na+
ratios. Concentrations of Na+ Cl, Zn and P increased
with increasing salinity (Table 3&4). This could be due
to reduction in growth (Jennnings, 1976).
NIAB 6 consistently maintained higher Zn concentra-
tions under all circumstances. Thus P:Zn ratio of BG
402-4 was always greater than that of NIAB 6 (Fig. 2).
In general, salinity reduced K+:Na+ ratio but NIAB 6 the
salt tolerant line maintained higher K+ selectivity
(S K+Na+)(Fig. 1) it may be due to preferential uptake
of K+ over Na+ under saline conditions. Similar results
have been reported by Yeo and Flowers (1984) and
Aslam et al. (1990). Different Ca2+:Na+ ratios of the
external medium did help in improving the shoot and
root yield as well as coefficient of shoot elongation; a

3



40

0
(a)

•
30 6

a
-~

~ 20
Z
~

10

o

Naeem and Qureshi

-0 NIAB 6 (D15)

-<>. BG402-4 (D15)

.• NIAB 6 (D30)

•. BG402-4 (D30)

Control 100;1 75:25 50:50 25:75 1:100

Ca:Na ratio

400

(b)

z.
:~ 300
<3
OJ
Qj
III

t1l

~:: L'>---r----.------.-"----'Control 100:1 75:25 50:50 25:75 1:100

Ca:Na ratio

Fiq.t Effect of external Calcium:Sodium ratio at 100 mol m-3 (Ca2+:Na+) on leaf
K+:Na+ratio (a) and potassium/sodium selectivity (SK+,Na+)(b) of two rice lines.

raw measure of growth rate (Table 2), but the most
prominent effect has been on the reduction of Na+
concentrations, improvements in K+ :Na + ratio and K+
selectivity (S K+Na+)(See Tobe et al. 2002 and James

et et. 2005) in both the rice lines (Table 3 & Fig, 1). The
lowest selectivity for K+ at Ca2+:Na' of 100:1 is very
striking. Probably at this stage high charge of Ca2+ and
its high concentration (100 mol m-3 Ca2+:Na') did not
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Fig. 2. Effectof externalCalcium: Sodium ratio at 100mol m-3 (Ca2+:Na+)on leaf P:Zn ratio of two rice lines.

allow much absorption of K+.Muhammad et al., (1987),
and Rengel, (1992) argued that sodium uptake and
growth in the salinized conditions was affected by the
concentration of Ca2+ in the medium which caused the
change of selectivity of ions on the surface or
membrane of root. This suggests that an adequate
amount of Ca2+ in proportion to Na+must be present in
the system to improve and/or selectivity (S K+Na+)
(Rengel, 1992). A high K+: Na" ratio in plant tissue is
important for stomatal movement, photosynthesis and
control of excessive transpiration (Muhammad et al.,
1987).
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Table 3. Effect of external calcium: sodium ratio at 100 mol m" (CaCI2+NaCI) on ionic concentration of
third leaf from the top sampled at fifteen days (015) and thirty days (030) after salt stress of two
rice lines (Average of three replicates)

Control
Varieties/
lines (Nutrient Soln)

D,5 D,5

Na" in the leaf sap (mol rn')
NIAB6

BG 402-4

NIAB 6

BG 402-4

NIAB 6

BG 402-4

100 mol m' (CaCI2+NaCI)

Ca2+:Na+ ratio

184.7 b

204.5 a

284.7 m

220.2 r

2320 d

276.8 a
Means followed by the same letters in rows or columns are statistically non-significant with each other.
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third leaf sampled at fifteen days (015) and thirty days (030) after salt stress of two rice lines
(Average of three replicates)

Control
Varieties/
lines (Nutrient Soln) 100:1

NIAB6

BG 402-4

NIAB 6

BG 402-4

100 mol rn' (CaCb+NaCI)

Ca2+:Na+ ratio

75:25 50:50 25:75 1:100

129.2 a

1103 c

Means followed by the same letters in rows or columns are statistically non-significant with each other.

3550 c

3610 a
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