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Abstract 

Abiotic stress is one of the major constraints affecting the productivity of soybeans. 

It reduces germination ability, seedling growth, and development of the reproductive 

parts. Physiological traits, such as membrane and enzyme structure and functionality, 

are also negatively impacted due to the increased levels of reactive oxygen species 

(ROS). Polyploidy is known for creating diversification among plants, playing a key 

role in enhancing tolerance capacity against abiotic stress. These variations help 

plants survive under harsh conditions by modifying several morpho-physiological, 

molecular, and biochemical traits. However, polyploidy's role in enhancing tolerance 

to abiotic stress has been less explored in leguminous crops, particularly in soybeans. 

Additionally, no proper in-vitro or in-vivo techniques have been successfully 

employed to induce polyploidy in soybean and other legumes. Soybean, also known 

as soja bean or soya bean, has a history of polyploidy, which might be related to its 

tolerance mechanisms. This review paper discusses the limitations impacting 

soybean productivity under extreme environmental conditions and the role of 

synthetically developed polyploids in mitigating these abiotic stresses. 
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1. Introduction 

The cultivated soybean (Glycine max L. Merill) which is an important crop 

belonging to the leguminous family is a paleopolyploid species (2n= 40) resulted 

from the polyploidization and domestication events that happened around 59 million 

years ago (Yuan and Song, 2023). Polyploidy induction is a key evolutionary 

mechanism that aided in creating diversification among plants (Soltis et al. 2015). 

These variations can morphological, physiological and genetical attributes (Kim et 

al. 2015; Mangena and Mushadu, 2023).  

 

  Soybean also known by the name soja bean or soya bean, is a multipurpose legume 

plant which is extensively grown for its edible beans (Saikia et al. 2020; Sharma 

2021). Millions of individuals benefit from soybeans, which are high in dietary 

proteins and oil, as well as vitamins, minerals, and energy. The ancient procedure of 

plant evolution, which involves a series of polyploidy events and the diversity of 

soybean, might have helped to boost both its agronomical and nutritional traits 

(Sedivy et al. 2017). Apart from having nutritional sources, soybean being a part of 

the legume family continues to be an important biological component of many 

ecosystems by engaging in symbiotic relationship with rhizobial bacteria in their root 

systems to fix nitrogen from the atmosphere. Dependency on the human-made 

nitrogen fertilisers like urea is decreased due to this biological phenomenon.  

 

  Polyploidy is a genetic situation where an organism possesses more than two 

complete sets of homologous chromosomes within the same nucleus or where the 

whole genome gets duplicated. Ramsey and Schemske (1998) demonstrated 

somatic doubling and gametic non-reduction as the two pathways that can lead to 

polyploidy conditions. Several synthetic treatments, such as colchicine, which is 

frequently used in plant breeding programs to induce polyploidy, can cause 



mutagenesis effects, resulting in the doubling of the genome number (Eng et al. 

2019; Shariatpanahi et al. 2021). 

 

  Polyploidy has also been reported in other leguminous crops following chemical 

treatments such as the use of colchicine as reported in cowpea (Essel et al. 2015) and 

faba bean (Nagat et al. 2020). While colchicine has significantly induced polyploidy 

in soybeans and other leguminous crops like faba beans and cowpeas, its potential 

for varietal improvement and mitigating abiotic stress tolerance in these crops 

remains largely unexplored. Abiotic stress refers to environmental conditions that 

adversely affect growth and production in crops such as soybean, factors such as salt, 

drought, and high temperatures (Oshunsanya et al. 2019; Yadav et al. 2020) 

 

 

2. Literature Review 

2.1 Abiotic Stress as Challenges of Soybean Production 

 

Getting a better yield is the aim of every plant breeder. Depletion of abiotic factors 

like water, light, soil nutrients and others are influencing the yield and productivity of 

crops, as emphasized by Kumar (2020). This stress adversely affects the afflicted 

plants' morphological, physiological, and molecular responses, which in turn impacts 

the crop output, biomass, and yield quality (Hussain et al. 2018). 

 

  Soybeans are an essential crop in agriculture, known for their diversity and 

economic value. The nutrient-rich seeds of soybean and the oil extracted from them 

are the main factors that determine its economic worth (Rennie and Tanner, 1989). 

However, abiotic factors such as drought, severe temperatures, and soil salinity can 

negatively influence soybean growth, development, and productivity, possibly 

threatening the quantity and quality of commercially valuable seeds and oil. Staniak 

et al. (2023) reported that abiotic stress causes about a 30 per cent reduction in 

soybean seed yield.  

 

   In India, Soybean is grown as a warm-season crop during two main seasons: spring 

(Feb-June) and kharif (July-Oct). The ideal temperature for soybean germination is 

around 30°C mentioned by Tyagi and Tripathi, 1983. Soybeans become sensitive in 

their germination period when the temperature falls below the ideal temperature. So 

Alsajri (2018) and Staniak et al. (2021) reported that low temperatures in soybean 

cultivars slowed down germination and delayed emergence, but when the 

temperature was raised, the plants emerged quite promptly. Lower temperatures can 

also have an impact on the flowering stage (Staniak et al. 2021; Jähne et al. 2019). 

Reduction in pollen grains and stigma number in soybean flowers because of the cold 

stress is also mentioned in the study reported by Ohnishi et al. (2010). Ohnishi et al. 

(2010) also demonstrated that cold temperatures could result into poor pod set due to 

pollen development abnormalities. Cold temperatures negatively impact multiple 

physiological processes, including membrane fluidity, nutrition and water absorption, 

protein and nucleic acid structure, and metabolic rate (Chinnusamy et al. 2007; 

Nouri et al. 2011). When soybeans are subjected to cold stress, it primarily impacts 

how they produce protein, and their cell walls operate (Nouri et al. 2011). 

  The production of soybeans is also impacted by water scarcity. Several soybean 

accessions show decreased root length and dry biomass buildup (Thu et al. 2014; 

Kunert et al. 2016). Istanbuli et al. (2022) demonstrated how drought stress 

affected the nodule development in legume crop chickpea. Most studies in soybean 



have been based on how drought affects the traits of shoot parts and flowers, but only 

a few reports are available (Ferguson et al. 2010; Kunert et al. 2016).  As discussed 

previously, leguminous crops like soybean are also helpful in increasing nitrogen 

content in the soil, by the process known as nitrogen fixation, where plants form 

mutualistic partnership with the rhizome bacteria and forms root nodules and within 

these nodules, nitrogen gets fixed. Drought stress diminished the rise in soybean 

plant height and leaf area expansion, with the inhibitory effects becoming more 

prominent as the drought became more severe and lasted long reported by Dong et 

al. (2019). Extreme scarcity or lack of water can disturb the physiological processes 

such as the equilibrium of oxidation-reduction processes within cells, potentially 

leading to the accumulation of detrimental oxidative stress consequences over time 

(Tardieu et al. 2018). When plants experience drought conditions, their stomata 

(pores) tend to close, leading to reduced levels of carbon dioxide inside the leaves, 

resulting in the generation of reactive oxygen species (ROS) because of insufficient 

amounts electrons in the photosynthetic machinery and a triggered photo-respiratory 

mechanism (Tossi et al. 2022). Increased ROS can disrupt cellular components like 

membranes, proteins, and nucleic acids (DNA and RNA), oxidize and degrade 

important biomolecules like lipids, leading to membrane leakage and loss of cellular 

compartmentalization (Webster, 2012). 

  Besides cold and drought stress, agriculture productivity has been affected 

particularly by salinity stress, due to its broad spectrum and strong effects (Amirjani 

et al. 2010), and which is subsequently affecting soybean productivity too. High salt 

concentration affects around 7% of the world's soil and 20% of the total arable area 

(Rasool et al. 2013). Salinity stress in plants is caused by an excessive accumulation 

of soluble salts like CaCl2, MgCl2, Na2SO4, KCl and especially NaCl2 in the soil or 

water (Tavakkoli, 2011). Excessive salt uptake by plants reduces the osmotic 

potential, leading to ion toxicity, which ultimately damages cell membranes and 

organelles (Okon, 2019; Mangena, 2023). Salinity stress also exhibit stunted growth 

and reduced overall size in plants. Amirjani (2010) performed a study on soybean 

cultivars where they were exposed to 0, 50, 100 and 200 nM NaCl and when these 

salinity levels were slowly increased to 50, 100 nM, the plants showed significant 

decrease in their plant height and fresh weight. This finding shows that elevated salt 

stress has a detrimental effect on the soybean plant growth and development. 

Chlorophyll content, carotenoid content and the size of stomata are also affected by 

saline conditions (Yarsi et al. 2017; Sharif et al. 2018). In a research activity 

demonstrated by Ghassemi-Golezani et al. (2011) some genotypes showed reduced 

chlorophyll florescence as chlorophyll were destroyed due to ion- toxicity caused by 

saline environment. Reduction in chlorophyll content restricts photosynthetic activity 

and ultimately causes poor pod growth and decreased yield. Figure 1 illustrates all 

these various consequences of abiotic stresses like heat, cold, drought, and salinity on 

soybean. 

 



  

  

 

 

  Abiotic stress conditions are increasing day by day; it's an inevitable change. To 

thrive under such conditions, plants including soybean have undergone many 

anatomical, morpho-physiological, and biochemical adaptations (Hasanuzzaman et 

al. 2016; Kashyap et al. 2021). One such evolutionary strategy that plants have 

developed to cope with abiotic stress is polyploidy as emphasized earlier.  

 

2.2 Induced Polyploidy for Mitigating Abiotic Stress in Soybean 

Polyploidy is a major force in plant evolution, speciation and crop domestication by 

creating novel genomic compositions and enhancing heterosis (Fort et al. 2016; 

Nieto et al. 2020). Koenen et al. (2021) reported that with the advent of 

allopolyploid hybrids, which include several chromosomal sets derived from distinct 

species, corresponded with huge worldwide climatic and geographical shifts, 

resulting in a mass extinction event for many species. 

  The process of evolution and domestication that led to polyploid soybean involved 

alterations both at molecular and phenotypic level. The deviations in gene 

composition and expression patterns identified in polyploid resulted in a variety of 

beneficial physiological responses, increasing tolerance and allowing for optimal 

growth and production under abiotic stress conditions as explained by Rao et al. 

(2020).  Similarly, these changes might have contributed to the soybean's increased 

tolerance to fluctuating environmental conditions, enabling it to adapt and thrive in 

diverse environments. Polyploidy has been associated with improved salt tolerance in 

Figure 1.  A Diagrammatic representation of the influence of the various abiotic 

stresses on the growth and development of soybean, including other leguminous and 

non-leguminous crops, (Tavakkoli, 2011; Staniak et al. 2021; Mangena, 2023). 
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sorghum (Ceccarelli et al. 2006), citrus (Saleh et al. 2008), wheat (Du et al. 2023) 

and several other non-leguminous crops. 

  In relation to this, there are some mutagenic agents such as colchicine is particularly 

used to produce synthetic polyploids that may provide a viable alternative to 

biotechnology-based strategies for crop improvement. Colchicine is an alkaloid 

derived from the bulbs of the Colchicum autumnale plant, also known as meadow 

saffron, having molecular formula C22H25NO6 (Ben-Chetrit, 2019).  These 

artificially induced polyploid plants have larger shoot and root cells when compared 

to diploid plants (Tal and Gardi, 1976) (Figure 2), and these bigger root cells 

promotes better water use efficiency from soil and also not only size but the numbers 

of stomata and xylem vessel facilitating better water movement and avoiding stress 

conditions as reported by Tossi et al. (2022). Figure 2 demonstrates the potential of 

colchicine-induced polyploids in stress tolerance and other crop improvement traits 

over diploids (Tal and Gardi, 1976; Mangena and Mushadu, 2023). Mangena 

and Mushadu (2023) discussed the use of colchicine-induced polyploids as a 

method to introduce genetic variation associated with abiotic stresses, particularly 

drought stress tolerance. In a research study performed by Mangena (2021) two 

soybean genotypes, TGx1835-10E and Dundee, were subjected to imbibition 

(soaking) in solutions containing varying concentrations of colchicine (0.0% 

(control), 0.1%, 0.5%, and 1%) and significant changes in the germination, seedling 

growth and morphology were observed and also reported that with prolonged period 

of imbibition affected the polyploidy induction. Some other constraints have also 

been observed, that can hamper proper induction of polyploidy plants when using 

colchicine, namely earlier embryo abortion, lack of endosperm, seed sterility etc. 

(Rodrangboon et al. 2002; Carbajal et al. 2019).  
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Figure 2.  Demonstrating the potential of colchicine-induced polyploids in stress 

tolerance and other crop improvement traits over diploids (Tal and Gardi, 1976; 

Mangena and Mushadu, 2023). Made with www.biorender.com  
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Numerous, other mutagenic agents have been also utilized and should be practiced 

more to enhance agronomic parameters in soybean such as gamma rays and EMS 

(Ethyl methane sulfonate) (Pavadai et al. 2009; Gopinath and Pavadai, 2015).  

  Several mechanisms to mitigate abiotic stress have been adopted by plants. 

Soybeans use complex defence systems against abiotic stress by transforming stress 

signals into altered gene expression, which triggers processes that allow adaptation 

and tolerance to these circumstances (Mangena, 2023). Further, plants when exposed 

to different environmental conditions such as drought, harsh temperatures, or 

elevated salt levels have been identified with higher amounts of proteins that 

neutralise oxidative damage (Komatsu et al. 2013; Raza et al. 2016). These 

antioxidant proteins aid in the removal of reactive oxygen species, preventing 

oxidative damage to essential components within plant cells (Hossain et al. 2012; 

Raza et al. 2016). Heat shock proteins (HSPs) play a crucial function in dealing with 

harsh environmental conditions (Kim et al. 2014; Wu et al. 2022). These diversified 

stress response mechanisms, facilitated by antioxidants and proteins, highlight the 

complex molecular adaptations that soybean uses for abiotic stress tolerance. 

However, there is no absolute proof that describes polyploids as a tool in bringing 

tolerance mechanism in soybean and other leguminous crop. 

 

3. Conclusion and Future Insights 

Polyploidy is an evolutionary phenomenon that might be used to mitigate abiotic 

stress tolerance in soybeans and other leguminous crops. The contribution of induced 

polyploidy on the development of abiotic stress resistance in soybeans is still little 

studied and needs to be explored. This review without any doubt explains the role of 

polyploidy as a potential strategy in mitigating stress conditions in soybean, but there 

has been less proof suggesting that the tolerant mechanism found in this crop is 

mainly facilitated by polyploidy. More importantly, better protocols based on in-vitro 

and in-vivo should be facilitated to generate successful artificial polyploids that are 

suited to adverse environments, it will promote further research in the application of 

biotechnology, such as comparative studies between diploids and synthetically 

developed polyploids, along with the role of gene expression changes and 

particularly epigenetic modifications associated with polyploidy will help us in 

understanding its role in mediating stress responses and adaptations in soybean.  

Overall, there has been enough evidence that genetic redundancy and increased 

heterozygosity resulting from the polyploidy mechanism, have improved water use 

efficiency, antioxidant defence mechanisms, and the expression of stress-responsive 

genes by bringing physiological, molecular and biochemical adaptations in plants. 

 

 

 

 

 

 

 



 

4. References 

 

Alsajri, F. A. (2018). Temperature Effects on Soybean Growth, Development, 

Physiology, Yield and Seed Quality. Mississippi State University.  

Amirjani, M. R. (2010). Effect of salinity stress on growth, mineral composition, 

proline content, antioxidant enzymes of soybean. American Journal of Plant 

Physiology, 5(6), 350-360. 

Ben-Chetrit, E. (2019). Colchicine. Textbook of autoinflammation, 729-749. 

Carbajal, E. M., Zuleta, M. C., Swayzer, L., Schwartz, B. M., Chavarro, M. C., 

Ballen‐Taborda, A. C., & Milla‐Lewis, S. R. (2019). Development of 

colchicine‐induced tetraploid St. Augustinegrass (Stenotaphrum secundatum) 

lines. Plant breeding, 138(6), 958-966. 

Ceccarelli, M., Santantonio, E., Marmottini, F., Amzallag, G. N., & Cionini, P. G. 

(2006). Chromosome endoreduplication as a factor of salt adaptation in Sorghum 

bicolor. Protoplasma, 227, 113-118. 

Chinnusamy, V., Zhu, J., & Zhu, J. K. (2007). Cold stress regulation of gene 

expression in plants. Trends in plant science, 12(10), 444-451. 

Dong, S., Jiang, Y., Dong, Y., Wang, L., Wang, W., Ma, Z., ... & Liu, L. (2019). A 

study on soybean responses to drought stress and rehydration. Saudi journal of 

biological sciences, 26(8), 2006-2017. 

Du, L., Ma, Z., & Mao, H. (2023). Duplicate genes contribute to variability in abiotic 

stress resistance in allopolyploid wheat. Plants, 12(13), 2465. 

Eng, W. H., & Ho, W. S. (2019). Polyploidization using colchicine in horticultural 

plants: A review. Scientia horticulturae, 246, 604-617. 

Essel, E., Asante, I. K., & Laing, E. (2015). Effect of colchicine treatment on seed 

germination, plant growth and yield traits of cowpea (Vigna unguiculata (L.) 

Walp). Canadian Journal of Pure and Applied Sciences, 9(3), 3573-3576. 

Ferguson, B. J., Indrasumunar, A., Hayashi, S., Lin, M. H., Lin, Y. H., Reid, D. E., & 

Gresshoff, P. M. (2010). Molecular analysis of legume nodule development and 

autoregulation. Journal of integrative plant biology, 52(1), 61-76 

Fort, A., Ryder, P., McKeown, P. C., Wijnen, C., Aarts, M. G., Sulpice, R., & 

Spillane, C. (2016). Disaggregating polyploidy, parental genome dosage and 

hybridity contributions to heterosis in Arabidopsis thaliana. New Phytologist, 209(2), 

590-599. 

Ghassemi-Golezani, K., Taifeh-Noori, M., Oustan, S. H., Moghaddam, M., & 

Rahmani, S. S. (2011). Physiological performance of soybean cultivars under salinity 

stress. Journal of Plant Physiology and Breeding, 1(1), 1-7.  

Gopinath, P., & Pavadai, P. (2015). Morphology and Yield parameters and 

Biochemical analysis of Soybean (Glycine max (L.) Mrr.) Using Gamma rays, EMS 

and DES treatment. International Letters of Natural Sciences, (08). 



Hasanuzzaman, M., Nahar, K., Rahman, A., Mahmud, J. A., Hossain, M. S., & 

Fujita, M. (2016). Soybean production and environmental stresses. In Environmental 

stresses in soybean production (pp. 61-102). Academic Press. 

Hossain, Z., Nouri, M. Z., & Komatsu, S. (2012). Plant cell organelle proteomics in 

response to abiotic stress. Journal of Proteome Research, 11(1), 37-48.   

Hussain, H. A., Hussain, S., Khaliq, A., Ashraf, U., Anjum, S. A., Men, S., & Wang, 

L. (2018). Chilling and drought stresses in crop plants: implications, cross talk, and 

potential management opportunities. Frontiers in plant science, 9, 393. 

Istanbuli, T., Abu Assar, A., Tawkaz, S., Kumar, T., Alsamman, A. M., & Hamwieh, 

A. (2022). The interaction between drought stress and nodule formation under 

multiple environments in chickpea. Plos one, 17(10), e0276732. 

Jähne, F., Balko, C., Hahn, V., Würschum, T., & Leiser, W. L. (2019). Cold stress 

tolerance of soybeans during flowering: QTL mapping and efficient selection 

strategies under controlled conditions. Plant Breeding, 138(6), 708-720. 

Kashyap, V. H., Kohli, I., Singh, A., Bhattacharya, A., Singh, P. K., Varma, A., & 

Joshi, N. C. (2021). Physiological, biochemical, and morphological approaches to 

mitigate the effects of abiotic stress in plants. In Stress Tolerance in Horticultural 

Crops (pp. 193-212). Woodhead Publishing. 

Kim, B. M., Rhee, J. S., Jeong, C. B., Seo, J. S., Park, G. S., Lee, Y. M., & Lee, J. S. 

(2014). Heavy metals induce oxidative stress and trigger oxidative stress-mediated 

heat shock protein (hsp) modulation in the intertidal copepod Tigriopus 

japonicus. Comparative Biochemistry and Physiology Part C: Toxicology & 

Pharmacology, 166, 65-74. 

Kim, K. D., El Baidouri, M., Abernathy, B., Iwata-Otsubo, A., Chavarro, C., 

Gonzales, M., ... & Jackson, S. A. (2015). A comparative epigenomic analysis of 

polyploidy-derived genes in soybean and common bean. Plant Physiology, 168(4), 

1433-1447. 

Koenen, E. J., Ojeda, D. I., Bakker, F. T., Wieringa, J. J., Kidner, C., Hardy, O. J., ... 

& Hughes, C. E. (2021). The origin of the legumes is a complex paleopolyploid 

phylogenomic tangle closely associated with the Cretaceous–Paleogene (K–Pg) mass 

extinction event. Systematic biology, 70(3), 508-526. 

Komatsu, S., Nanjo, Y., & Nishimura, M. (2013). Proteomic analysis of the flooding 

tolerance mechanism in mutant soybean. Journal of proteomics, 79, 231-250. 

Kumar, S. (2020). Abiotic stresses and their effects on plant growth, yield and 

nutritional quality of agricultural produce. Int. J. Food Sci. Agric, 4, 367-378. 

Kunert, K. J., Vorster, B. J., Fenta, B. A., Kibido, T., Dionisio, G., & Foyer, C. H. 

(2016). Drought stress responses in soybean roots and nodules. Frontiers in plant 

science, 7, 207572. 

Mangena, P. (2021). Germination, morphological and physiological evaluation of 

seedlings pretreated with colchicine in soybean (Glycine max L). Walailak Journal of 

Science and Technology (WJST), 18(18), 9489-12. 



Mangena, P. (2023). Salinity Stress Mitigation by Polyploidy Induction in Soybean 

(Glycine max L. Merrill). 

Mangena, P., &Mushadu, P. N. (2023). Colchicine-Induced Polyploidy in 

Leguminous Crops Enhances Morpho-Physiological Characteristics for Drought 

Stress Tolerance. Life, 13(10), 1966. 

Nagat, E., Kamla, B., & Hoda, K. (2020). Phenotypic and molecular characterization 

of polyploidy Vicia faba induced by colchicine. GSC Biological and Pharmaceutical 

Sciences, 11(3), 235-243. 

Nieto Feliner, G., Casacuberta, J., & Wendel, J. F. (2020). Genomics of evolutionary 

novelty in hybrids and polyploids. Frontiers in genetics, 11, 556539. 

Nouri, M. Z., Toorchi, M., & Komatsu, S. (2011). Proteomics approach for 

identifying abiotic stress responsive proteins in soybean. Soybean-molecular aspects 

of breeding, 187-214. 

Ohnishi, S., Miyoshi, T., & Shirai, S. (2010). Low temperature stress at different 

flower developmental stages affects pollen development, pollination, and pod set in 

soybean. Environmental and experimental botany, 69(1), 56-62. 

Okon, O. G. (2019). Effect of salinity on physiological processes in plants. 

Microorganisms in saline environments: strategies and functions, 237-262. 

Oshunsanya, S. O., Nwosu, N. J., & Li, Y. (2019). Abiotic stress in agricultural crops 

under climatic conditions. Sustainable agriculture, forest and environmental 

management, 71-100. 

Pavadai, P., Girija, M., & Dhanavel, D. (2009). Effectiveness Efficiency and 

biochemical content of physical and chemical mutagens in Soybean (Glycine max 

(L.) Merr.). Journal of phytology, 1(6). 

Ramsey, J., &Schemske, D. W. (1998). Pathways, mechanisms, and rates of 

polyploid formation in flowering plants. Annual review of ecology and 

systematics, 29(1), 467-501. 

Rao, S., Tian, Y., Xia, X., Li, Y., & Chen, J. (2020). Chromosome doubling mediates 

superior drought tolerance in Lycium ruthenicum via abscisic acid signaling. 

Horticulture research, 7. 

Rasool, S., Hameed, A., Azooz, M. M., Siddiqi, T. O., & Ahmad, P. (2013). Salt 

stress: causes, types and responses of plants. Ecophysiology and responses of plants 

under salt stress, 1-24. 

Raza, G., Ahmad, N., Hussain, M., Zafar, Y., & Rahman, M. (2016). Role of genetics 

and genomics in mitigating abiotic stresses in soybeans. In Environmental Stresses in 

Soybean Production (pp. 205-228). Academic Press. 

Rennie, B. D., & Tanner, J. W. (1989). Fatty acid composition of oil from soybean 

seeds grown at extreme temperatures. Journal of the American Oil Chemists' 

Society, 66(11), 1622-1624. 



Rodrangboon, P., Pongtongkam, P., Suputtitada, S., & Adachi, T. (2002). Abnormal 

embryo development and efficient embryo rescue in interspecific hybrids, Oryza 

sativa× O. minuta and O. sativa× O. officinalis. Breeding science, 52(2), 123-129. 

Saleh, B., Allario, T., Dambier, D., Ollitrault, P., & Morillon, R. (2008). Tetraploid 

citrus rootstocks are more tolerant to salt stress than diploid. Comptes rendus 

biologies, 331(9), 703-710. 

Saikia, P., Nag, A., Anurag, S., Chatterjee, S., & Khan, M. L. (2020). Tropical 

legumes: Status, distribution, biology and importance. The Plant Family Fabaceae: 

Biology and Physiological Responses to Environmental Stresses, 27-41. 

Sedivy, E. J., Wu, F., & Hanzawa, Y. (2017). Soybean domestication: the origin, 

genetic architecture and molecular bases. New Phytologist, 214(2), 539-553. 

Shariatpanahi, M. E., Niazian, M., & Ahmadi, B. (2021). Methods for chromosome 

doubling. Doubled Haploid Technology: Volume 1: General Topics, Alliaceae, 

Cereals, 127-148. 

Sharif, P., Seyedsalehi, M., Paladino, O., Van Damme, P., Sillanpää, M., & Sharifi, A. 

A. (2018). Effect of drought and salinity stresses on morphological and physiological 

characteristics of canola. International Journal of Environmental Science and 

Technology, 15, 1859-1866. 

Sharma, M. (2021). A brief description on soybean and its food products. Asian 

Journal of Research in Business Economics and Management, 11(11), 124-129. 

Soltis, P. S., Marchant, D. B., Van de Peer, Y., & Soltis, D. E. (2015). Polyploidy and 

genome evolution in plants. Current opinion in genetics & development, 35, 119-125. 

Staniak, M., Stępień-Warda, A., Czopek, K., Kocira, A., & Baca, E. (2021). Seeds 

quality and quantity of soybean [glycine max (L.) merr.] cultivars in response to cold 

stress. Agronomy, 11(3), 520. 

Staniak, M., Szpunar-Krok, E., &Kocira, A. (2023). Responses of soybean to 

selected abiotic stresses—Photoperiod, temperature and water. Agriculture, 13(1), 

146. 

Tal, M., & Gardi, I. (1976). Physiology of polyploid plants: water balance in 

autotetraploid and diploid tomato under low and high salinity. Physiologia 

plantarum, 38(4), 257-261. 

Tardieu, F., Simonneau, T., & Muller, B. (2018). The physiological basis of drought 

tolerance in crop plants: a scenario-dependent probabilistic approach. Annual review 

of plant biology, 69, 733-759. 

Tavakkoli, E. (2011). Limitations to yield in saline-sodic soils: quantification of the 

osmotic and ionic regulations that affect the growth of crops under salinity 

stress (Doctoral dissertation).  

Thu, N. B. A., Nguyen, Q. T., Hoang, X. L. T., Thao, N. P., & Tran, L. S. P. (2014). 

Evaluation of drought tolerance of the Vietnamese soybean cultivars provides 

potential resources for soybean production and genetic engineering. BioMed 

Research International, 2014. 



Tossi, V. E., Martinez Tosar, L. J., Laino, L. E., Iannicelli, J., Regalado, J. J., 

Escandón, A. S., ... & Pitta-Álvarez, S. I. (2022). Impact of polyploidy on plant 

tolerance to abiotic and biotic stresses. Frontiers in Plant Science, 13, 869423.  

Tyagi, S. K., & Tripathi, R. P. (1983). Effect of temperature on soybean 

germination. Plant and soil, 74, 273-280. 

Webster, K. A. (2012). Mitochondrial membrane permeabilization and cell death 

during myocardial infarction: roles of calcium and reactive oxygen species. Future 

cardiology, 8(6), 863-884. 

Wu, J., Gao, T., Hu, J., Zhao, L., Yu, C., & Ma, F. (2022). Research advances in 

function and regulation mechanisms of plant small heat shock proteins (sHSPs) 

under environmental stresses. Science of The Total Environment, 825, 154054. 

Yadav, S., Modi, P., Dave, A., Vijapura, A., Patel, D., & Patel, M. (2020). Effect of 

abiotic stress on crops. Sustainable crop production, 3(17), 5-16. 

Yarsi, G., Sivaci, A., Dasgan, H. Y., Altuntas, O., Binzet, R., & Akhoundnejad, Y. 

(2017). Effects of salinity stress on chlorophyll and carotenoid contents and stomata 

size of grafted and ungrafted galia C8 melon cultivar. Pak. J. Bot, 49(2), 421-426. 

Yuan, J., & Song, Q. (2023). Polyploidy and diploidization in soybean. Molecular 

Breeding, 43(6), 51. 

Rehman RS, Zafar SA, Ali M, Pasha AN, Bashir H, Awais Ashraf M, Usman Yaqoob 

M, Hussain M. Biochemical and Molecular Insights into Abiotic Stress Tolerance in 

Plants. Asian J. Biotechnol. Gen. Eng. [Internet]. 2022 Apr. 15 [cited 2024 May 

21];5(1):61-79. Available from: 

https://journalajbge.com/index.php/AJBGE/article/view/61 

 

Lanka CL, Ram M, Krishna SM. DNA Fingerprinting of Crops and Its Significance 

in Crop Improvement. Int. J. Plant Soil Sci. [Internet]. 2023 Jun. 24 [cited 2024 May 

21];35(16):232-4. Available from: 

https://journalijpss.com/index.php/IJPSS/article/view/3149 

 

Lee JS, Adams KL. Global insights into duplicated gene expression and alternative 

splicing in polyploid Brassica napus under heat, cold, and drought stress. The Plant 

Genome. 2020 Nov;13(3):e20057. 

 


