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ASSESSMENT OF GENETIC VARIABILITY FOR NaCI TOLERANCE IN WHEAT
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Response to salinity was assessed for the traits like shoot length, root length, fresh shoot weight, fresh root weight,
Na", K+and K+/Na+ ratio in 44 wheat accessions. Absolute mean values were subjected to analysis of variance. All
the traits differed significantly (P<0.001) for the three NaCI concentrations, 44 accessions and accessions x
concentrations except K+/Na+ ratio (insignificant for accessions), while shoot length and K+ appeared significant
(P<0.01) for interaction. There was highly significant negative correlations between Na+ content and seedling traits
and highly significant positive correlations among K+, K+/Na+ ratio and seedling traits. The genotypes i.e., 18187-11,
18180-11,18194-11,18203-11,K-65 (standard), 18183-11,and DN-5 with good performance for these traits could be
used in breeding programme to develop salt tolerant wheat genotype.
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INTRODUCTION

Wheat is grown both in arid and semi-arid regions of the
world. Pakistan lies within the subtropical region and has
semi-arid to arid climate where this crop is grown on an
area of about 8.237 m. ha with annual grain production
of about 18.535 m. tonnes (Govt. of Pakistan, 2000-
2001). The high rate of evapotranspirationalloss of water
under these environmental conditions results in the
deposition of excess salts on the soils fraction in which
the plant roots flourish. The problem of soil salinity is of
frequent occurrence in irrigated areas of the world
(Shannon, 1984) and in Pakistan about 6.3 x 106

hectares of irrigated land has become salt affected to
varying degrees (Qureshi and Barrett-Lennard, 1998).
This stress like other abiotic soil stresses appeared to be
a major limiting factor which hamper plant productivity
throughout the world (Clark and Duncan, 1993).
Therefore, strategies have to be developed to make use
of these salinity prone lands/resources for food
production.(Khan et aI., 2001).
In view of the importance of this crop as a staple food
and being cultivated throughout the country where soil
salinity is a major problem, it is imperative to improve
the salinity tolerance in wheat without sacrificing
desirable yield and quality. Therefore, this study was
conducted to generate information about genetic
variation of salt tolerance in 44 wheat accessions at
early stages of plant development which is prerequisite
for developing new high yielding wheat genotypes
coupled with enhanced salt tolerance.

MATERIALS AND METHODS

Wheat nursery of the 44 accessions was established in
gravels. At two-leaf stage the seedlings were
transplanted in polyethylene lined iron tubs containing
200 Iitres of half strength Hoagland's solution under
control, 10 dSm" and 20 dSrnwith four replications

following the two factors factorial design. The salinity
was applied in four equal increments, one on each day
and pH of 6.0 to 6.5 was maintained daily. After two
weeks solution was changed and salinity levels were
maintained. After four weeks, data were recorded for
shoot length, root length, fresh shoot weight, fresh root
weight, Na", K+ and K+/Na+ ratio. Replicated samples of
the youngest fully expanded leaves of each genotype
were harvested after the plants have been grown at four-
leaf stage. These samples were stored separately at 5°C
in micro-tubes for a short period. Cell sap was extracted
applying the standard technique of centrifugation
(Gorham et al. 1984). The Na" and K+ ions were
measured with the help of flame photometer. Mean
values for above mentioned traits per replicate of each
accession in each NaCI concentration were subjected to
analysis of variance, using the general linear model of
SPSS 8.0 for Windows (SPSS; Advance statistics;
1994).

RESULTS AND DISCUSSION

The availability of genetically based variation in salinity
tolerance is a pre-requisite for the development of salinity
tolerant cultivars. In order to gain information about such
variation in bread wheat, seedlings of 44 accessions
were assessed for NaCI tolerance following the half
strength Hoagland solution culture technique (Hoagland
and Arnon, 1950).
The salinity response was assessed as absolute salt
tolerance values (Dewey, 1960) and subjected to
analyses of variance which showed that all the traits
studied differed highly significantly (P<0.001) for the
three NaCI concentrations, 44 accessions and
accessions x concentrations except K+/Na+ ratio
(insignificant for accessions) while shoot length and K+
appeared significant (P<0.01) for interaction (Table 1).
The highly significant interaction between accessions
and concentrations for all the traits indicated that the
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Table 1. Mean squares and significances from the analysis of variance for different traits of wheat seedlings
of 44 accessions grown at 3 NaCI concentrations.

Source of Shoot
Root Fresh Fresh

variance OF length
length shoot root Na+ K+ K+/Na+

weight weight
Replications 3 35.90NS 71.30 0.0851NS 0.0089NS 589.61NS

11353.72NS
2567.94 .-

Accessions (Ace.) 43 348.59 .-
155.27

0- 0- .- .. 0-
581.82NS0.623 0.484 1250.00 23239.59

Concentrations 2 7391.51
...

3016.42
... ...

'" ... _. ...10.45 4.251 1153016.2 1241987.2 22951307(Cone)

Ace. x Cone. 86 54.88
..

47.86
... ... ... ... .. ...0.186 0.227 808.59 7454.97 552.6

Within + Residual 393 35.50 25.84 0.0356 0.0293 507.60 4348.18 341.96
***indicatesdifferencessignificantat P< 0001, **indicatesdifferencessignificantatP< 0.01,
*indicatesdifferencessignificantat P< 0.05, whileNS, denotesdifferenceswhicharenon-significant.

plant characters of different accessions responded
differently to increasing NaCI concentrations in the
growing medium.
The effect of salt on tissue and organ development is
reflected in altered patterns of plant growth. Continuous
exposure to elevated root-zone salinity progressively
decreases leaf size over time (Munns et al. 1988) Shoot
and root length are the result of cell expansion and their
number. Under saline conditions due to ion toxicity their
number is decreased and cell succumbs which ultimately
results in low growth. The genotypes 18187-11(23 92 cm)
and 18180-11 (23.34 ern) showed the highest mean
values for shoot length and genotypes 18180-11 (18.04
cm) and 18187-11(17.42 ern) showed the highest mean
values for root length (Table 2). So these genotypes

appeared to be more salt tolerant as compared to others.
Salinity also affects fresh shoot weight by reducing the
cell number, leaf number and reduced leaf size (Munns
et et. 1988). The genotypes 18187-11(1230 g/plant), K-
65 (0.838 g/plant) showed the highest mean values for
fresh shoot weight and genotypes 18187-II (1.167
g/plant), 18180-11 (0.775 g/plant) showed the highest
mean values for fresh root weight and therefore,
considered as salt tolerant. Whereas the genotypes
18174-11showed the lowest mean values for above traits
and considered to be the most salt sensitive one (Table
2) These results are in good agreement with the earlier
findings of Azhar and McNeily (1987), Grieve et al.
(1993,1994), Khatkar et al. (2000), Munns et el. (1988),
Munns (1993) and Prakash and Sastry (1992).

Table 2. Genotypes with highest and lowest mean values for seedling and physiological traits among 44
accessions grown at 3 NaCI concentrations.

Accessions Shoot Root length Fresh shoot Fresh root Na+ K+ K+/Na+
length (ern) (ern) weight (g) weight (g) (m moll,") (m molt.') ratio

Highest values
18187-11 23.92 17.42 1.230 1.167 79.39 197.73 28.55
18180-11 23.34 18.04 0.817 0.775 83.70 160.32 25.31
18194-11 23.25 1059 0.629 0.367 85.94 191.56 24.51
18203-11 21.08 10.46 0.746 0.354 78.66 163.68 2169
K-65 21.00 9.13 0.838 0.421 62.83 174.50 23.72
18183-11 20.29 9.17 0.600 0.213 75.39 129.39 13.40
DN-5 18.54 10.29 0.396 0.242 76.89 15030 14.85

lowest values
18174-11 2.08 1.00 0.045 0.041 100.42 29.26 4.90
18186-11 4.14 1.63 0.088 0.045 91.39 33.83 5.91
18171-11 4.50 2.58 0.092 0.053 97.72 52.33 11.99
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Table 3. Correlation coefficients (r) between inorganic ion content of the fully expanded leaf and seedling
traits.

Characters Shoot length Root length Fresh shoot weight Fresh root weight

Na" -0.624
... ... ... ...

-0.516 -0.524 -0.362
K+ 0.684

... ... ... ...
0.576 0.658 0.479

K+INa + ratio 0.454
... ... ... ...

0.447 0.517 0.402

In case of physiological traits accessions 18187-11 and
18180-11 also behaved like tolerant ones as these
possessed the highest values for K+/Na+ ratios which is
also considered to be a good criteria for selection of salt
tolerant wheat genotypes (Ali et al. 2002, Salam et al.
1999, and Rashid 1986).

Highly significant correlations (Table 3) between
inorganic ion content of the youngest fully expanded leaf
and seedling traits confirmed the contribution of these
ions to salt tolerance. These results are in good
agreement with the findings of Salam et al. (1999) who
observed negative correlation between Na+ ion and grain
yield per plant whereas they also observed that high K+
and K+/Na+ ratio are positively and significantly
associated with yield and some important yield
components. The relationship between salt exclusion
and salt tolerance in crop plants have been widely
reviewed in the literature (Greenway and Munns 1980,
Qureshi et al. 1980, Rashid 1986 and Salam et al. 1999)
and the present results corraborate the idea of salt
exclusion being a major selection criterion within existinq
crop species, as sensitive genotypes contain high Na
and low K+/Na+ratio while vice versa for tolerant one.

The plant growth parameters decreased with increase in
salinity level, the salinity level of 20 dSm,1 appeared very
harmful to most of the genotypes but it could be helpful
to select salt tolerant genotypes under high selection
pressure.

CONCLUSION

The highly significant negative correlations between Na"
content and seedling traits and highly significant positive
correlations among K+, K+/Na+ ratio and other seedling
traits confirmed the contribution of these ions to salt
tolerance. The genotypes viz., 18187-11,18180-11,18194-
II, 18203-11, K-65 (standard), 18183-11, and DN-5 with
high mean performance for these traits could be used in
breeding programme to develop high yielding and salt
tolerant wheat genotypes.
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