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ABSTRACT

Marker Assisted Selection (MAS) has recently advanced, resulting in the creation of more effective selection
paraphernalia to replace the phenotype-based conventional selection. For MAS, some genes associated with
unique traits with molecular markers have been discovered. In the last decade, molecular marker technologies
have advanced rapidly, allowing for the development of linkage maps, marker-assisted breeding (MAB), and
molecular dissection of complex agronomical traits. The MAB method involves transferring a single allele at
a target locus from a donor variety or line to a recipient variety or line against donor introgressions around
the genome when selecting. At each generation using a molecular marker allows for progenies genetic
dissection, speeding up the selection process, resulting in greater genetic benefit per unit of time. Nowadays,
MABC (Marker Assisted Backcross Breeding) is being used widely in plant breeding programs to develop
new varieties/lines, especially in rice. This paper reviews recent literature on some examples of salt-tolerant
rice variety/line development using the MAS technique in rice-growing countries within the shortest
timeframe.
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Introduction

Salinity in the soil is critical abiotic stress for rice improvement all over the world. The loss of rice
production in coastal areas for salinity can be mitigated by improving salt-tolerant rice varieties. Since the
expansion of saline soil continues, there is a need to develop salt-tolerant rice varieties with high yields to
ensure food security (Mai and Hirai, 2021). The MABC (marker-assisted backcrossing) technique is the
most effective strategy to overcome the limitations of traditional breeding and restore the parental genome
in two to three generations (Ahmed et al., 2016). It is also an unequivocal translational research tool for
crop improvement in the genomics era (Singh et al., 2018). It is a quick and effective molecular method for
incorporating a desired stress tolerance QTL/gene into a high-yielding rice cultivar that has already been
established and enhanced (Nair and Shylaraj, 2021).Traditional salt stress breeding takes a long time and is
expensive. Because of its precision, time savings, and cost-effectiveness. SSR or microsatellite markers are
effective in creating genetic maps, help in selection, and analyzing genetic variation in germplasm. SSR
markers are being used to identify genes for salt tolerance, which will aid plant breeders in developing new
cultivars (Moniruzzaman et al., 2012). The potential application of MABC for the improvement of salt-
tolerant rice is the topic of this review. This paper highlights updated information on rice, its economic
importance, the effects of salt stress on rice, salinity tolerance mechanisms, marker-assisted selection, MAS
for improving salinity tolerant rice, the backcross method, marker-assisted backcross method, some
examples of marker-assisted backcross breeding in rice in various countries, DNA markers, marker-assisted
gene pyramiding and marker-assisted recurrent selection (MARS).The latest improvements in breeding
approaches for enhancing and generating salt-tolerant rice varieties through MAS are also discussed in this
paper. Rice breeders will benefit from this revised information as they work to establish some salt-tolerant
rice varieties.

Rice and its economic importance

Rice (Oryza sativa L.) is grown on more than 144 million farms worldwide, it is the highest than any other
crop, with production distribution which varied in at least 114 countries. Around 154 million ha of rice
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were harvested worldwide in 2010, with 137 million ha (88 percent of global rice harvested) in Asia,
including 48 million ha (31 percent of global rice harvested) in Southeast Asia alone (FAOSTAT, 2012).
The world's population is rising by the day, and by 2050 it is predicted to reach 9.1 billion people,
yetagricultural productivity is not increased (Wani and Sah, 2014). It is a prominent cereal crop that is
frequently consumed by people. It is a staple food for half of the world’s population (Krishnamurthy et al.,
2020). Rice is the main source of energy and protein. The non-food rice parts are also used for different
purposes. Rice straw is used as animal feed, fuel source, paper manufacturing, and in the cottage industry
for the preparation of hats, mats, and ropes (ABSF, 2010).

Effects of salt stress on rice and salinity tolerance mechanisms

Globally, soil salinity is anticipated to rise as a result of climate change and traditional irrigation
techniques. About 800 million hectares of land in the world are affected by salt, accounting for more than
6% of the total land area (Krishnamurthy et al., 2020). The accumulation of soluble salts in the soils of arid
and semi-arid areas around the world has a significant impact on rice production (Ashraf et al., 2008).
Salinity is a problem of many irrigated, arid and semi-arid areas of the world where rainfall is insufficient
to leach out salts from the root zone. Typical symptoms of salt injury in rice are stunted growth, leaf
rolling, white leaf tip, white blotches in the leaf blade, drying of the older leaves, and poor root growth
(Bekis, 2020).Salinity affects 21.5 million hectares of land throughout Asia, leading to the loss of up to
50% of fertile land by the mid-twentieth century (Nazar et al., 2011).

Salt stress causes plant growth and development to be seriously affected, as well as membrane damage, ion
imbalances due to Na+ and CI- accumulation, increased lipid peroxidation, and increased production of
reactive oxygen species such as superoxide radicals, hydrogen peroxide, and hydroxyl radicals (Kumar et
al., 2013). The key effect, which Munns and Tester called the "osmotic process," is in overall leaf
production decreases and shoot growth reduction significantly (Munns and Tester, 2008). The leaves salt
toxicity causes a slower impact. A genotype or salt-sensitive species is distinguished from a genotype that
is salt tolerant by its inability to avoid salt accumulation to toxic levels in leaves (James et al., 2011).

Osmotic adjustment, free radical scavenging, Stress signaling, vacuolar compartmentalization of ions, ion
homeostasis, restoration of enzymatic activity, and quick responsiveness to external stimuli are only a few
of the cascading and/or interacting events involved in salt tolerant (Golldack et al., 2014).Salinity tolerance
mechanisms work in a few different ways. To begin with, excess salt is not taken up by rice plants due to
salt exclusion. Excess salt is consumed by resistant varieties, however, by the re-absorption process from
the xylem it is reabsorbed and Na+ is not transported to the shoot. According to the root-shoot translocation
process salt tolerance is connected to low electrolyte content in the shoot and a high content in the roots.
Salt translocation is the ability of resistant rice plants to translocate a lower proportion of Na+ to the shoot.
Osmotic adjustment: under high salinity, osmotic adjustment to external water potential is required, which
gives a better nutrient acquisition and high ion selectively; synthesize organic solutes to adjust the osmotic
potential of the cytoplasm and vacuole and compartmentalization of salt ions in the vacuoles (Bekis, 2020).

Marker-assisted selection

The most useful technique in terms of efficiency to boost production in salt-affected soils is a breeding
approach augmented with molecular marker-assisted selection (Bizimana et al., 2017). Marker-assisted
selection (MAS), marker-assisted recurrent selection (MARS), genomic selection (GS) or genome-wide
selection (GWS), marker-assisted pedigree selection (MAPS), and marker-assisted backcrossing are some
of the terminologies used in modern breeding approaches (MABC). MABC is the most effective and
extensively used method among the strategies outlined above(Golldack et al., 2014). MABC can show a
considerable improvement in such trait by transferringa specific region from a donor parent to the recipient
parent (Oladosu et al., 2019). To increase genetic diversity in MAS, segregating progeny, breeding species,
exotic materials not suitable for the target environment, naturally occurring or induced
mutations, transgenic events, large interspecific crosses, or a combination of these sources are all used
(Moose and Mumm, 2008).
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Depending on the characteristics and conditions, traditional phenotypic assays can be cheaper, quicker, and
less accurate than genotypic assays based on molecular markers. As a consequence, molecular breeding can
improve effectiveness and efficiency by saving time, energy, and effort. According to Mackill and Collard
(Collard et al., 2008), one reason for MAS's low impact is that not all markers are suitable for breeding.
Non-breeder friendly markers like SCAR were developed to solve this issue (sequence characterized
amplified region), RFLP, and RAPD could be converted to STS. Due to a lack of marker polymorphism
and a credible marker-trait relationship, all markers cannot be used across populations (Heffner et al.,
2009). Recombination between QTLs of interest or markers and genes may also result in false selection. In
this case, flanking or additional markers for the QTL/ target gene can be beneficial. Multiple factors that
influence the effectiveness of QTL detection, including algorithms, techniques of mapping, polymorphic
markers number used, and the form and size of the population are all factors to consider (Wang et al.,
2012).

MAS for improvement of salinity tolerant rice

To recognize and confirm a QTL, congenic strains differ in a small chromosome region flanking the target
QTL are used. To assess the presence of parental alleles at the QTL region, the consistency of an effect,
and its breeding value; test crosses are made by crossing different tester lines with pairs of close isogenic
lines (NIL) (Landi et al., 2007).These are necessary lines for the systematic and high-throughput cloning of
QTLs for salinity tolerance (Huang et al., 2006).To understand the salinity polygenic traits, it is often
necessary to generate thousands of introgressed rice lines (Jian-Long et al., 2005). Introgress lines, which
are supposed to include a large percentage of the allelic variety in a respective crop's primary gene pool,
influence certain complex phenotypes after trait introgression. When researchers discovered that
management methods were failing to reduce salinity stress on crop growth due to a lot of environmental
factors, they turned to breed to investigate salt tolerance in rice. But where does the salinity tolerance
genetic trait come from? Then researchers discovered crop landraces that local farmers grew in saline
climate-prone areas around the world, these landraces, however, did not produce a lot of yields. The
creation of molecular DNA markers ushered in a novel age of plant breeding, enabling scientists to rapidly
classify salinity-tolerant landraces in the laboratory (Bonilla et al., 2002).

The backcross method: Breeders can visually select which progeny most closely resembles the RP in
early backcross generations. However, it may be impossible to distinguish between backcross progeny and
the RP based on individual plants in future generations (i.e. after BC2). Additional backcrosses must be
done to keep the favorable traits of the RPs, with the idea that backcrossing until at least BC6 will restore
the RP as much as possible (Hasan et al., 2015).

Marker-assisted Backcross Method: The MABC (Marker-assisted Backcross Method) approach is
essential for fundamental research applications in rice, as it allows for significantly more precise
development of new and advanced varieties than traditional backcrossing. MABC is utilized to alleviate
abiotic stresses like salinity, submergence, and so on. MABC's primary job is to shrink a donor parent's
chromosomal size. It also cuts down on linkage drag. This will contribute to the development of rice
variety. As a result, MABC should be employed to improve rice variety quality and production (Bishwas et
al., 2016). MABB is a reliable and successful approach for inserting the desired trait into elite varieties
without affecting their basic characteristics (Nair and Shylaraj, 2021).

Success with marker-assisted backcrossing (MABC): MABC contains a set of backcrossings to remove
the donor's genetic background while retrieving as many of the RPs' genetic traits as possible (Hasan et al.,
2015). With MABC and marker-based genome scanning, most recurrent genomes were quickly recovered
in just a few crossings (Melchinger, 1999). By limiting carried-over donor segments flanking the target
locus, MABC can also be employed to create near-isogeniclines (ILs), allowing for precision introgression
of specific genes and extensive analysis of QTLs. Several researchers have discussed methods for
maximizing sample sizes and selection approaches in marker-assisted selection (Thi et al., 2013). The
following are the three selecting steps (Collard et al., 2008):
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Selection of the foreground: In foreground selection, the breeder chose plants with the donor parent's
marker allele at the target gene. The aim is to keep the target locus heterozygous (one donor allele and one
RP allele) until the ultimate backcross is completed (Hasan et al., 2015).

Selection of recombinants: Recombinant selection is the second level, which entails choosing BC progeny
with the target gene and recombination events between the target locus and associated flanking markers
(Collard et al., 2008). The goal of recombinant selection is to make the donor chromosomal segment that
contains the target region smaller (i.e. size of the introgression). This is significant because the rate of
decrease of this donor fragment is slower than for unlinked areas, and numerous unwanted genes that harm
crop performance may be linked to the target gene from the donor parent (i.e. linkage drag, Figure3)
(Hospital and Charcosset, 1997).

Selection of the Background: Except for the target locus, all genomic areas can be chosen in the
background using RP marker alleles, and the target locus is chosen based on the phenotype. This selection
is crucial to limit the number of unwanted genes introduced by the donor. It is simple to eliminate
undesirable donor alleles in the same genomic area as the target locus using molecular markers. The third
phase of MABC is choosing BC progeny with the highest proportion of RP genome using markers
unrelated to the target locus, a process known as "background selection.”Back-ground selection is defined
as the use of firmly connected flanking markers for recombinant selection and unlinked markers for RP
selection in the literature(Geetha et al., 2017).

Various advantages of MABC over the traditional backcrossing

Increase the speed of recovery of the recurrent parent genome: Six backcrosses are required in
traditional backcross breeding to recover the RP genome. However, by employing the MABC method, the
RP genome might be recovered by BC4 or BC3 or even BC2, saving two to four BC generations(Babu et
al., 2005).

Reduce linkage drag : To minimize the huge number of donor chromosomes, at least six backcross
generations are required, however, MABC may only require two or three. Linkage drag necessitates many
more backcrossgenerations, and if the unwanted genes are extremely firmly linked to the target locus,
ordinary backcrossing may be ineffective (Collard et al., 2008).

More accurate selection: It is extremely difficult to identify polygenic traits using traditional breeding
procedures. However, in the case of MABC, markers can be used to select based on gene expression
(Hasan et al., 2015).

DNA markers: DNA markers, in particular, can be actively promoted in rice breeding to enhance salinity
tolerance (Ashraf and Foolad., 2012).A new age of plant breeding started after the discovery of the DNA’s
double helix model, which was a gene revolution. Many types of DNA markers have been promising to
regulate a certain character since 1980 (Xu, 2010).Rice breeders often exploit natural allelic variation to
increase crop yield. Cloned QTLs numbers are essential for developing salinity tolerance is very low since
finding main QTLs that are appropriate for replicating is difficult. Furthermore, phenotypic effects of QTLs
and correct characterization in the saline condition are ineffective in the majority of cases (Salvi and
Tuberosa, 2005).

Marker-assisted recurrent selection (MARS): Marker-assisted recurrent selection (MARS) can be
distinguished by the following characteristics: (i) relatively large populations exposed to selection at every
cycle; (ii) lower prices for marker data points; (iii) selection before flowering; (iv) flanking versussingle
markers; (v) increased number of generations per year from one to four. Developing salt-tolerant crops
necessitates the detection and application of genes from a variety of sources. Genetic variation between
and within crop germplasm, as well as uniformity in released varieties, could be measured by molecular
markers (Steele et al., 2006). To incorporate stress-tolerant genes into rice, researchers combined marker-
assisted selection and marker-assisted backcrossing and with participatory plant breeding (Steele et al.,
2006).
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Conclusion

MABC has raised a lot of aspirations, which has over-optimism in some situations and disappointment in
others since many of the expectations have yet to be met. While MABC has bright future possibilities and
potential results, it also has some limitations, such as facilities, infrastructure, qualified manpower, lack of
private sector participation, supplies, and consumables. The development priorities of many developing
countries do not include genetic enrichment programs by utilizing molecular methods when considering
financial help in the agricultural sector. The MABC production and implementation process was deemed to
be expensive at various times. The most important costs at the beginning of MABC are the improvement of
a genetic linkage map for the interest species, as well as the detection of associations between QTLs or
genes, and economically relevant characters. For developing countries, such a cost might be prohibitively
costly. Breeders must develop a cost-effective MABC technology that allows them to recombine
agronomically relevant genes from different sources and determine genotypes across the entire genome. It
can be concluded from previous marker-assisted selection research on rice that this selection is a technique
that can be used to generate new rice varieties with salt tolerance and improved quality. This paves the way
for new salt-tolerant rice varieties to be established in saline-prone areas around the world.

Competing interest: The author claims to have no conflicts of interest.

References

ABSF. 2010. African biotechnology stakeholder’s forum (ABSF). 2010. Success Stories in Crop
Improvement in Africa: The Case of Rice in Sub-Saharan Africa.

Ahmed, F., Rafii, M. Y., Ismail, M. R., Juraimi, A. S., Rahim, H. A., Tanweer, F. A. and Latif, M. A. 2016.
Recurrent parent genome recovery in different populations with the introgression of Subl gene from
a cross between MR219 and  Swarna-Subl.  Euphytica, 207(3), 605-618.
https://doi.org/10.1007/s10681-015-1554-5

Ashraf, M., N. A. A., M.-U-R., M. R. and Foolad. 2012. Marker-Assisted Selection in Plant Breeding for
Salinity Tolerance. In Methods Mol. Biol., 913 (pp. 305-333).

Ashraf, M., Athar, H. R., Harris, P. J. C. and Kwon, T. R. 2008. Some Prospective Strategies for Improving
Crop Salt Tolerance. Advances Agron., 97(07), 45-110. https://doi.org/10.1016/S0065-
2113(07)00002-8

Babu, R., Agrisciences, C., Nair, S., Venkatesh, S. and Sekhar, J. C. 2005. Two-generation marker-aided
backcrossing for rapid conversion of normal maize lines to quality protein maize ( QPM ). 111(June
2014), 888-897. https://doi.org/10.1007/s00122-005-0011-6

Bekis, D. 2020. Improvement of Rice Breeding for Salinity Tolerance. Journal of Environment and Earth
Science, 10(5), 14-23. https://doi.org/10.7176/jees/10-5-02

Bishwas, N., Sharma, M., Hasan, A., Akhtar, S. and Sharma, N. 2016. Improvement of rice crop by
Marker- assisted Backcross method Related papers. International Research Journal of Engineering
and Technology (IRJET), 03(06), 1851-1858.

Bizimana, J. B., Luzi-Kihupi, A., Murori, R. W. and Singh, R. K. 2017. Identification of quantitative trait
loci for salinity tolerance in rice (Oryza sativa L.) using IR29/Hasawi mapping population. Journal of
Genetics, 96(4), 571-582. https://doi.org/10.1007/s12041-017-0803-x

Bonilla, P., Dvorak, J., Mackill; D., Deal, K. and Gregorio, G. 2002. RFLP and SSLP mapping of salinity
tolerance genes in chromosome 1 of rice (Oryza sativa L.), using recombinant inbred lines.85, 68—
76.

Carillo, P., Annunziata, M. G., Pontecorvo, G., Fuggi, A. and Woodrow, P. 2011. Salinity stress and salt
tolerance. In Abiotic stress in plants—Mechanisms and adaptations (1st ed., pp. 21-38).

Collard, B. C. Y., Mackill, D. J., Collard, B. C. Y. and Mackill, D. J. 2008. Marker-assisted selection : an
approach for precision plant breeding in the twenty-first century. Philosophical Trans Royal Soc B.,
363, 557-572. https://doi.org/10.1098/rsth.2007.2170

137



Bangladesh J. Environ. Sci., Vol. 45, 2023

FAOSTAT. 2012. www.faostat.fao.org/.

Frisch, M., Bohn, M. and Melchinger, A. E. 1999. Minimum sample size and optimal positioning of
flanking markers in marker-assisted backcrossing for transfer of a target gene. Crop Sci., 39, 967—
975.

Frisch, M., Bohn, M., and Melchinger, A. E. 1999. Comparison of Selection Strategies for Marker-Assisted
Backcrossing of Gene. Crop Sci, 39, 1295-1301.

Geetha, S., Vasuki, A., Selvam, P. J., Saraswathi, R., Krishnamurthy, S. L., Palanichamy, Manikandan,
Dhasarathan, M., Thamodharan, G. and Baskar, M. 2017. Development of sodicity tolerant rice
varieties through marker assisted backcross breeding. Electronic Journal of Plant Breeding, 8(4),
1013-1021. https://doi.org/10.5958/0975-928X.2017.00151.X

Golldack, D., Li, C., Mohan, H., and Probst, N. 2014. Tolerance to drought and salt stress in plants:
Unraveling the signaling networks. Frontiers in Plant Science, 5(APR), 1-10.
https://doi.org/10.3389/fpls.2014.00151

Hasan, M. M., Rafii, M. Y., Ismail, M. R., Mahmood, M., Rahim, H. A., Alam, A., Ashkani, S., Malek, A.
and Latif, M. A. 2015. REVIEW; AGRICULTURE AND ENVIRONMENTAL
BIOTECHNOLOGY Marker-assisted backcrossing: a useful method for rice improvement.
Biotechnology and Biotechnological Equipment, 29(2), 237-254,
https://doi.org/10.1080/13102818.2014.995920

Heffner, E. L., Sorrells, M. E. and Jannink, J. L. 2009. Genomic Selection for Crop Improvement.
February, 1-12. https://doi.org/10.2135/cropsci2008.08.0512

Hoang, T. M. L., Tran, T. N., Nguyen, T. K. T., Williams, B., Wurm, P., Bellairs, S. and Mundree, S. 2016.
Improvement of salinity stress tolerance in rice: Challenges and opportunities. Agronomy, 6(4), 1-23.
https://doi.org/10.3390/agronomy6040054

Hospital, F. and Charcosset, A. 1997. Marker-Assisted Introgression of Quantitative. Genetics, 147, 1469-
1485.

Huang, S., Spielmeyer, W., Lagudah, E. S., James, R. A., Platten, J. D., Dennis, E. S. and Munns, R. 2006.
A sodium transporter (HKT7) is a candidate for NaxZ1, a gene for salt tolerance in durum wheat. Plant
Physiology, 142(4), 1718-1727. https://doi.org/10.1104/pp.106.088864

James, R. A, Blake, C., Byrt, C. S. and Munns, R. 2011. Major genes for Na+ exclusion, Nax1 and Nax2
(wheat HKT1;4 and HKTL1;5), decrease Na+ accumulation in bread wheat leaves under saline and
waterlogged  conditions.  Journal of  Experimental Botany, 62(8), 2939-2947.
https://doi.org/10.1093/jxb/err003

Joseph, B., Jini, D. and Sujatha, S. 2010. Biological and Physiological Perspectives of Specificity in Abiotic
Salt Stress Response from Various Rice Plants Biological and Physiological Perspectives of
Specificity in Abiotic Salt Stress Response from Various Rice Plants. July.

Krishnamurthy, S. L., Pundir, P., Warraich, A. S. and Rathor, S. 2020. Introgressed Saltol QTL Lines
Improves the Salinity Tolerance in Rice at Seedling Stage. 11(June), 1-13.
https://doi.org/10.3389/fpls.2020.00833

Kumar, K., Kumar, M., Kim, S. R., Ryu, H. and Cho, Y. G. 2013. Insights into genomics of salt stress
response in rice. Rice, 6(1), 1-15. https://doi.org/10.1186/1939-8433-6-27

Landi, P., Sanguineti, M. C., Liu, C., Li, Y., Wang, T. Y., Giuliani, S., Bellotti, M., Salvi, S. and Tuberosa,
R. 2007. Root-ABA1 QTL affects root lodging, grain yield, and other agronomic traits in maize
grown under well-watered and water-stressed conditions. Journal of Experimental Botany, 58(2),
319-326. https://doi.org/10.1093/jxb/erl161

Lang, T. L., Phuoc, N. T., Ha, P. T. T. and Buu, B. C. 2017. Identifying QTLs Associated and
Marker_Assisted Selection for Salinity Tolerance at the Seedling, Vegetative and Reproductive
Stages in Rice (Oryza sativa L.). 2(6), 2927-2935.

Mackill, D., Collard, B., Neeraja, C., RM.;, R., Heuer, S. and Ismail, A. 2007. QTLs in rice breeding:
examples for abiotic stresses. Proceedings of the 5th International Rice Genetics Sympo- Sium.

Mai, N. S. and Hirai, Y. 2021. QTL mapping for salt tolerance at reproductive stage in rice : A minireview.
10(April).

138



Bangladesh J. Environ. Sci., Vol. 45, 2023

Matthew, R. 2012. Backcrossing, Backcross (BC) population and backcross breeding. Plant Breeding and
Genomics.

Mohanty, S., Wassmann, R., Nelson, A., Moya, P., and Jagadish, S. V. K. 2013. Rice and climate change:
significance for food security and vulnerability. IRRI Discussion Paper Series No. 49, 14.
http://books.irri.org/DPS49_content.pdf

Moniruzzaman, M., Alam, M. S., Rashid, J. A., Begum, S. N. and Islam, M. M. 2012. Marker-assisted
Backcrossing for Identification of Salt Tolerant Rice Lines OF SALT TOLERANT RICE LINES.
December. https://doi.org/10.3329/ijarit.v2i2.14008

Moose, S. P. and Mumm, R. H. 2008. Molecular plant breeding as the foundation for 21st century crop
improvement. Plant Physiology, 147(3), 969-977. https://doi.org/10.1104/pp.108.118232

Munns, R. and Tester, M. 2008. Mechanisms of salinity tolerance. In Annual Review of Plant Biology (Vol.
59). https://doi.org/10.1146/annurev.arplant.59.032607.092911

Naga, I., Lingeswara, B., Im, B. K., Oon, I. Y., Im, K. K. and Won, T. K. 2017. ScienceDirect Salt
Tolerance in Rice : Focus on Mechanisms and Approaches. 24(3).
https://doi.org/10.1016/j.rsci.2016.09.004

Naheed, G., Shahbaz, M., Latif, A. and Rha, E. S. 2007. Alleviation of the adverse effects of salt stress on
rice (Oryza sativa L.) by phosphorus applied through rooting medium: Growth and gas exchange
characteristics. Pakistan Journal of Botany, 39(3), 729-737.

Nair, M. M. and Shylaraj, K. S. 2021. Introgression of dual abiotic stress tolerance QTLs ( Saltol QTL and
Subl gene ) into Rice ( Oryza sativa L .) variety Aiswarya through marker assisted backcross
breeding. Physiology ~and  Molecular  Biology  of  Plants, 27(3), 497-514.
https://doi.org/10.1007/s12298-020-00893-0

Nakhla, W. R., Sun, W., Fan, K., Yang, K., Zhang, C. and Yu, S. 2021. Identification of qgtls for salt
tolerance at the germination and seedling stages in rice. Plants, 10(3), 1-13.
https://doi.org/10.3390/plants10030428

Nazar, R., Igbal, N., Masood, A., Syeed, S. and Khan, N. A. 2011. Understanding the significance of sulfur
in improving salinity tolerance in plants. Environmental and Experimental Botany, 70(2-3), 80-87.
https://doi.org/10.1016/j.envexpbot.2010.09.011

Oladosu, Y., Rafii, M. Y., Samuel, C., Fatai, A. and Magaji, U. 2019. Drought Resistance in Rice from
Conventional to Molecular Breeding : A Review. 20.

Ota, K. and Yasue, T. 1962. Studies on the salt injury to crops, XV. The effect of NaCl solution upon
photosynthesis of paddy seed.16, 1-16.

Parida, A. K. and Das, A. B. 2005. Salt tolerance and salinity effects on plants : a review Cytosol and
organelle space. 60(3), 324-349. https://doi.org/10.1016/j.ecoenv.2004.06.010

Qadir, M., Quillérou, E., Nangia, V., Murtaza, G., Singh, M., Thomas, R. J., Drechsel, P., Noble, A. D.,
Qadir, M., Quillérou, E., Nangia, V., Murtaza, G. and Singh, M. 2019. Economics of salt-induced
land degradation and restoration To cite this version : HAL Id : hal-01954413.

Ragot, M. and Lee, M. 2007. marker-assisted selection in maize: current status, potential, limitations and
perspectives from the private and public sectors. In In Marker-Assisted Selection, Current Status and
Future Perspectives in Crops, Livestock, Forestry, and Fish (Issue April 2016, pp. 117-150).

Ragot, M., Gay, G., Muller, J. P. and Durovray, J. 1999. Efficient Selection for Adaptation to the
Environment through QTL Mapping and Manipulation in Maize. In In Molecular Approaches for the
Genetic Improvement of Cereals for Stable Production in Water-Limited Environments (Issue June,
pp. 128-130).

Rao, P. S., Mishra, B. and Gupta, S. R. 2013. Effects of soil salinity and alkalinity on grain quality of
tolerant, semi-tolerant and sensitive rice genotypes. Rice Science, 20(4), 284-291.
https://doi.org/10.1016/S1672-6308(13)60136-5

Reboredo, F. and Lidon, F. J. C. (2012). UV-B radiation effects on terrestrial plants - A perspective.
Emirates Journal of Food and Agriculture, 24(6), 502-509. https://doi.org/10.9755/ejfa.v24i6.14670

Ribaut, J. M., de Vicente, M. C. and Delannay, X. 2010. Molecular breeding in developing countries:
challenges and perspectives. Current Opinion in Plant Biology, 13(2), 213-218.

139



Bangladesh J. Environ. Sci., Vol. 45, 2023

https://doi.org/10.1016/j.pbi.2009.12.011

Salvi, S. and Tuberosa, R. 2005. To clone or not to clone plant QTLs: Present and future challenges. Trends
in Plant Science, 10(6), 297-304. https://doi.org/10.1016/j.tplants.2005.04.008

Shrivastava, P. and Kumar, R. 2014. Soil Salinity: A serious environmental issue and Plant growth
promoting bacteria as one of the tools for its alleviation. SAUDI JOURNAL OF BIOLOGICAL
SCIENCES, 22(2), 123-131. https://doi.org/10.1016/j.sjbs.2014.12.001

Singh, A. K., Gopalakrishnan, S., Singh, V. P., Prabhu, K. V, Mohapatra, T., Singh, N. K., Sharma, T. R.
and Nagarajan, M. 2011. Marker Assisted Selection : a paradigm shift in Basmati breeding Marker
assisted selection: a paradigm shift in Basmati breeding. Indian Journal of Genetics and Plant
Breeding, 71(2), 120-128.

Singh, V. K., Singh, B. D., Kumar, A., Maurya, S., Krishnan, S. G., Vinod, K. K., Singh, M. P., Ellur, R.
K., Bhowmick, P. K. and Singh, A. K. 2018. Marker-Assisted Introgression of Saltol QTL Enhances
Seedling Stage Salt Tolerance in the Rice Variety “pusa Basmati 1.” International Journal of
Genomics, 2018. https://doi.org/10.1155/2018/8319879.

Solis, C. A, Yong, M. T., Vinarao, R., Jena, K., Holford, P., Shabala, L., Zhou, M., Shabala, S. and Chen,
Z. H. 2020. Back to the Wild: On a Quest for Donors Toward Salinity Tolerant Rice. Frontiers in
Plant Science, 11(March), 1-14. https://doi.org/10.3389/fpls.2020.00323

Steele, K. A., Price, A. H., Shashidhar, H. E. and Witcombe, J. R. 2006. Marker-assisted selection to
introgress rice QTLs controlling root traits into an Indian upland rice variety. Theoretical and Applied
Genetics, 112(2), 208-221. https://doi.org/10.1007/s00122-005-0110-4

Thi, H., Vu, T., Le, D. D., Ismail, A. M. and Le, H. H. 2012. Marker-assisted backcrossing ( MABC ) for
improved salinity tolerance in rice ( Oryza sativa L .) to cope with climate change in Vietnam. 6(12),
1649-1654.

Thi, L., Huyen, N., Cuc, L. M., Ham, L. H. and Khanh, T. D. 2013. Introgression the SALTOL QTL into
Q5DB |, the elite variety of Vietham using marker- assisted - selection ( MAS ). January, 2-7.
https://doi.org/10.11648/j.ajbi0.20130104.15

Wang, X., Marci, G. J., Scott, R. A., Hyten, D. L. and Cregan, P. B. 2012. Quantitative trait locus analysis
of saturated fatty acids in a population of recombinant inbred lines of soybean. 30, 1163-1179.
https://doi.org/10.1007/s11032-012-9704-0

Wani, S. H. and Sah, S. K. 2014. Biotechnology and Abiotic Stress Tolerance in Rice Rice Research : Open
Access Biotechnology and Abiotic Stress Tolerance in Rice. June.
https://doi.org/10.4172/jrr.1000e105

Xu, Y. 2010. Molecular plant breeding. In Molecular plant breeding.

140



