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tolerance using Kharchia 65
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Abstract

Background Salinity is a significant abiotic stress that affects plants from germination through all growth stages. This
study was aimed to determine the morpho-physiological and genetic variations in BC,F,, BC,F, and F; generations
resulting from the cross combination WH1105 x Kharchia 65.

Results A significant reduction in germination percentage was observed under salt stress in BC,F, and F; seeds.
Correlation, heritability in the broad sense, phenotypic coefficient of variability (PCV) and genotypic coefficient of
variability (GCV) were measured for all traits. The presence of both Nax7 and Nax2 loci was confirmed in twenty-nine
plants using the marker-assisted selection technique. Genetic relationships among the populations were assessed
using twenty-four polymorphic SSR markers.

Conclusion Cluster analysis along with two and three-dimensional PCA scaling (Principal Component Analysis)
revealed the distinct nature of WH 1105 and Kharchia 65. Six plants closer to the recurrent parent (WH1105) selected
through this study can serve as valuable genetic material for salt-tolerant wheat improvement programs.
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Background

Bread wheat (Triticum aestivum L. em. Thell) is a staple
and economically important crop in India. Like many
modern crops, wheat production is critically vulner-
able to various abiotic stresses such as extreme tem-
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Additionally, sodium and chloride ions have toxic
effects on germinating seeds [6]. Globally, 831 mil-
lion hectares of land are affected by salinity, includ-
ing 397 million hectares of saline soils and 434 million
hectares of sodic soils. In India, 6.75 million hectares of
land is salt affected [7], a number expected to increase
up to 20 million hectares by the end of the 21st cen-
tury. Given the growing concern over salinity problem
in many parts of the world and wheat’s susceptibility to
it, developing salinity-tolerant wheat cultivars is crucial
for ensuring global food security.

Various approaches have been used to develop wheat
genotypes that can thrive under saline conditions
and response well to high-input farming. Molecu-
lar breeding has been extensively employed for wheat
improvement, involving foreground selection to iden-
tify plants with desirable genes in segregating popula-
tions and background selection, using polymorphic
markers to ensure sufficient recovery of the recurrent
parent genome (RPG). The NaxI and Nax2 loci con-
tain candidate genes of TmHKT1; 4-A2 and TmHKT1I;
5-A family respectively. These genes are responsible
for sodium exclusion and provide salinity tolerance to
wheat plants. The NaxI locus reduces sodium concen-
tration in leaf blades by retaining sodium in the leaf
sheath, while Nax2 improves discrimination between
sodium and potassium at the point of xylem loading and
reduces the transport of sodium from root to shoot [8].
The introgression of Naxl from durum wheat (7riti-
cum turgidum ssp. durum) to bread wheat has been
shown to reduce the leaf sodium concentration by 50%,
while Nax2 reduced it by 30% and both genes together
reduced it by 60% in wheat plants grown under salt
stress [9]. NaxI promotes leaf longevity, better photo-
synthetic rate and stomatal conductance [10]. ‘Khar-
chia-65’ is a salt-tolerant variety native to the village of
‘Kharchi’ in the ‘Pali’ district of Rajasthan, capable of
withstanding up to pH 9.4, making it suitable candidate
for developing salt-tolerant varieties worldwide [11, 12].
WH 1105 is a high yielding cultivar from the Northwest
Plain Zone of India, resistant to yellow and brown rusts,
flag smut, leaf blight and powdery mildew diseases. It
exhibits wide adaptability with nutritional qualities such
as high protein content (12.4%) and a good chapatti-
making score (7.60). The salt tolerance of Kharchia-65
and agronomic characteristics of WH1105 make them
ideal parents for crossing to obtain potential genotypes
with salt tolerance traits. In the current study, a two-tier
approach was conducted to develop crosses between
high-yielding wheat genotypes WH1105 and Kharchia,
followed by a screening of different generations (BC,F,,
BC,F, and F;) for morpho-physiological variability at
the field and molecular levels using marker-assisted
selection for Nax loci.
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Materials and methods

Plant material was obtained from the Wheat and Bar-
ley section, Department of Genetics and Plant Breed-
ing, CCS Haryana Agricultural University, Hisar. The
experimental material consisted of three generations
including high-yielding wheat genotypes WH1105 and
Kharchia and subsequent screening of different genera-
tions (BC,F,, BC,F, and F;) derived from a cross between
WH1105 and Kharchia-65. The experiment was carried
out during the Rabi season at the Department of Molec-
ular Biology, Biotechnology and Bioinformatics, CCS
Haryana Agricultural University, Hisar. Seeds were sown
in trays under chloride-dominated salt stress (ECe~8
ds/m). Healthy germinated seedlings were transplanted
to pots and supplemented with Hoagland’s nutrient
solution till maturity. Various traits were recorded for
statistical analysis, including germination percentage,
plant height (cm), number of tillers per plant, ear length
(cm), number of grains per ear, number of spikelets per
spike, number of grains per plant, grain yield per plant
(g), 1000-grain weight (g), biological yield per plant (g),
harvest index (%) and main spike weight (g). Correlation
analyses was performed using the Pearson correlation
coefficient (r) to determine the relationship among all
traits. Genotypic and phenotypic coefficients of variation
along with Pearson correlation coefficients (r) and broad
sense heritability were calculated.

For the marker-assisted selection, genomic DNA was
isolated using the CTAB extraction method [13] from the
young leaf samples. Quantification of DNA samples was
done by 0.8% agarose gel electrophoresis. The presence of
Nax loci was checked using PCR amplification of Nax1
(F 5-ATCGCATGATGCACGTAGAG-3) and R 5-ACA
TGCATGCCTACCTAATGG-3’) and Nax2 (F 5-TCTCC
ATCATTCAACATCAATCG-3 and R 5-TGTAGCTCG
TCGGGGTGTGTTGC-3’) primers. PCR was performed
in 20 pl reactions containing 50-100 ng of DNA tem-
plate, 20 pl containing 10X PCR buffer, 10 mM dNTPs,
0.4 puM of each primer, 1-unit Taq DNA polymerase
using My-CYCLER (programmable thermal cycler from
BIORAD™ INTERNATIONAL). Additionally, one hun-
dred SSR markers were screened to check polymorphism
between the parents. A dendrogram illustrating the
genetic relationship among all plants was generated using
the unweighted pair-group arithmetic average (UPGMA)
method through NTSYS PC software (Numerical Taxon-
omy system, Applied Biostatistics, NY) [14]. A principal
component analysis (PCA) was also conducted.

Results and discussion

Morpho-physiological analysis

Salt stress negatively affected seed germination, seedling
emergence and seedling establishment. High concen-
trations of soluble salts in the soil led to a reduction in



Sharma et al. BMC Genomics (2024) 25:550

germination percentage and speed of seed emergence of
many plant species [15]. A significant decrease in germi-
nation percentage was observed in BC,F, (18%) and F,
(40%) seeds under salt stress (ECe ~8ds/m). This reduc-
tion was attributed to reduce water absorption from the
soil, resulting in increased osmotic pressure due to the
high salt content in the soil solution. Similar findings
have been reported in previous studies [16, 17].

Salinity significantly affected the morphological traits
of wheat in all three generations. Correlation analysis
revealed positive association between grain yield and
various independent variables, indicating the relative
significance of these traits in improving yield. A positive
correlation of grain yield per plant was observed at 1%
significance with the number of tillers per plant (0.672
and 0.652), biological yield per plant (0.831 and 0.854),
100-grain weight (0.467 and 0.491) and number of grains
per plant (0.847 and 0.830) in BC,F, and F, generation
(Tables 1 and 2).

Studies on inter-character associations in BC,F; gen-
eration revealed a significant and positive association of
grain yield per plant with the number of tillers per plant
(0.560), biological yield per plant (0.756), and number of
grains per plant (0.756) (Tables 1 and 2). A similar asso-
ciation of traits with grain yield was reported by [18, 19],
indicating that these traits can be further used to select
high-yielding plants in wheat improvement programs
under salinity.

Estimation of genetic variation along with heritabil-
ity and genetic advance provide a better idea about the
efficiency of selection. A higher phenotypic coefficient of
variability (PCV) was recorded than the genotypic coef-
ficient of variability (GCV) for all traits, indicating the
influence of the environment (Tables 3 and 4). A perusal
of these results revealed maximum phenotypic variations
(64.46% and 79.55%) and genotype variations (53.5% and
60.84%) in BC,F, and F; generations respectively for the
trait grain yield/plant (g). BC,F, showed maximum GCV
for the number of grains/plant (50.98) and maximum
PCV for grain yield per plant (89.33).

In BCF,, high heritability was observed in biological
yield/plant (85.10) and high genetic advance for a num-
ber of grains/plant (102.92). High heritability coupled
with high genetic advance as a percent of the mean was
recorded for the number of grains/plant in F; and BC,F,
generations. Estimation of variability revealed a higher
PCYV value than the respective GCV value for all the con-
sidered traits indicating minimum influence of environ-
ment. These results are in line with [20-24] indicating the
presence of environmental influence to some degree in
the phenotypic expression of the characters. Grain yield/
plant showed maximum PCV 64.46% (BC,F,), 79.55%
(F;) and 89.33% (BC,F,), similar to what was reported
by [25, 26]. High estimates of heritability associated with

Table 1 Phenotypic correlation coefficients in F; population derived from a cross between WH1105 x Kharchia 65
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Table 3 Estimate of genetic and phenotypic parameters for various traits in F5 population
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Traits Mean +SE Range GCV PCVv Heritability Genetic advance as % of mean
(%) (%) (%) 5%
Plant height (cm) 75.09+0.68 99.00-38.00 14.36 2852 2537 14.91
Ear length (cm) 10.27£0.11 16.50-5.40 18.48 29.19 40.06 24.09
No. of tillers /plant 2.88+0.07 6.00-1.00 46.41 62.72 54.75 70.74
Number of spikelets/spike 16.13+0.13 25.00-11.00 13.23 1447 83.59 24.92
Main spike weight (g) 2.17+0.04 2.98-1.01 60.75 74.32 66.82 1023
Biological yield/plant (g) 847+0.28 19.56-1.01 40.6 45.69 78.96 85.71
Number of grains/ear 42.84+0.83 72.00-12.00 3216 37.44 73.77 75.96
Number of grains/plant 86.16+2.82 205.00-15.00 50.66 54.86 85.26 112.17
Grain yield/plant (g) 246+0.09 6.97-0.20 60.84 79.55 5849 2727
100 grain weight (g) 2.87+0.06 4.47-1.03 42.13 47.94 7723 83.69
Harvest index main spike (%) 39.32+046 46.97-16.76 28.93 34.02 723 69.7
Harvest index (%) 30.39+£0.56 46.88-10.66 36.99 41.55 79.26 75.38

Table 4 Estimate of genetic and phenotypic parameters for various traits in BC,F, and BC,F, populations

Traits Populations Mean +SE Range GCV (%) PCV (%) Heritability ~Genetic
(%) advance
as % of
mean (5%)
Plant height (cm) BC,F, 73.14+0.80 102.00-44.50 14.24 25.53 3111 16.36
BC,F, 98.11+2.15 118.00-76.00 1.6 15.99 52.63 17.34
Ear length (cm) BC,F, 10.97+0.10 15.50-7.30 12.5 25.27 2448 12.74
BC,F, 1241026 15.00-10.50 11.06 25.67 18.57 9.82
No. of tillers /plant ~ BC,F, 258+0.07 5.00-1.00 4143 5332 60.39 66.33
BC,F, 16.75+1.21 27.00-6.00 46.97 51.14 84.36 104.64
Number of spikelets/ BC,F, 18.16+0.22 29.00-13.00 13.83 16.57 69.67 31.16
spike BC,F, 19.00+0.31 25.00-17.00 11.6 18.27 40.29 8.33
Main spike weight BC,F, 1.86+0.031 2.75-1.02 26.26 52.37 25.14 2712
(9 BC,F, 291+0.11 3.92-2.11 2141 2691 63.31 35.1
Biological yield plant BC;F, 9.38+0.344 19.58-1.154 41.55 45.04 85.1 90.77
BC,F, 58.64+336 84.00-34.00 38.31 4234 81.89 87.11
Number of grains/ BC,F, 50.97£1.041 74.00-13.00 257 30.98 68.85 62.7
spike BC,F, 645.50+57.06 1355.00-260.00 50.98 54.98 85.97 113.24
Number of grains/ BC;F, 91.52+3372 294.00-13.00 45.5 50.34 80.44 102.92
plant BC,F, 645.50+57.06 1355.00-260.00 50.98 54.98 85.97 113.24
Grain yield/plant (g) BC,F, 290£0.115 7.03-037 53.35 64.46 68.48 25
BC,F, 20.75+1.08 29.47-1145 4827 89.33 29.2 53.74
100 grain weight (g) BC;F, 3.18+0.062 4.47-0.61 29.07 34.34 71.64 50.68
BC,F, 351%0.15 443-1.73 2553 65.1 1538 2063
Harvestindex main  BC,F, 40.94+0.386 47.79-22.26 15.34 1747 77.09 3545
spike (%) BC,F, 41.99%0.59 46.67-32.90 233 2932 63.14 6031
Harvest index (%) BC,F, 32.07£0.645 46.56-15.27 2256 26.67 7154 5045
BC,F, 36.50+1.34 46.64-18.92 252 30.05 70.3 54.5

programs. These results conformed with [32, 33] in
marker-assisted backcross breeding for rust resistance in
wheat. The current research characterized the plants at
a molecular level and found significant phenotypic and
genotypic variations in all three generations. Screening
of segregating populations with polymorphic markers
revealed the similarity of progenies with parents. Plants
closer to the recurrent parent were selected based on the
dendrogram and two-dimensional and three-dimensional

PCA scaling. The NTSYS-PC Dendrogram, two and
three-dimensional PCA scaling revealed the relationship
between progenies and parents.

Conclusion

The results from the current study highlight the poten-
tial use of an old salt-tolerant cultivar (Kharchia-65) for
improving the salinity tolerance of a conventionally well-
suited variety (WH 1105) by utilizing a marker-based
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selection approach. The current study reports the suc-
cessful selection of twenty-nine lines consisting of both
Nax1 and Nax2 loci using 24 polymorphic SSR markers
for a faster selection of parental (WH 1105) genetic back-
ground. Genetic material from this study will potentially
lead to the development of a high-yielding variety (like
WH 1105) with significant salt tolerance capabilities (like
Kharchia-65) that can be continued for production in
the increasingly salinized soils around the Northwestern
plains of India.
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