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	       ABSTRACT
The review paper comprised the impact of geographical and environmental factors on 
polyploidy and vice versa. The review covers different effects of geographical factors, like 
spatial isolation, altitude, and local climate on polyploidy, and the behavior of polyploid(s) in 
abiotic factors, such as temperature and light with a few examples of northwest Himalayas. 
The paper concludes that polyploid plants behave differently in environmental conditions, 
as polyploids are more prominent in higher altitudes, colder environments, and nutrient-
rich soil than diploid progenitors, but have a mixed distribution in different geographical 
conditions. Further, polyploidy is more common among perennials than annuals, while niche 
differentiation depends more on the local environment. The virtual case study results from 
North and North Western India have been shown with the help of ArcGIS online software. 
The scrutiny of spatial distribution on maps highlights the fact that polyploidy is still a complex 
research puzzle with interesting perspectives. 

INTRODUCTION

Polyploidy or whole genome duplication (WGD), a naturally 
occurring phenomenon in plants (rare in animals), involves 
more than two whole sets of chromosomes and is considered 
a key determinant in studying plant evolution. This inducible 
phenomenon results in multiple gene copies, which led to 
genome plasticity and adaption by the neo-fictionalization of 
genes (Cheng et al. 2018). Polyploidy can arise naturally in 
many ways, either by chromosome doubling in meristematic 
cells during mitosis or by the fusion of unreduced 
gametes in meiosis (Lewis 1980, Levin 2002, Ramsey & 
Ramsey 2014).  In nature, polyploids are of three types: 
autopolyploids, allopolyploids, and segmental allopolyploids 
(Stebbins 1947). The effect of chromosomal duplications on 
phenotypes has attracted the attention of researchers since 
the beginning of the 20th century (Stebbins 1947) and is well 
known as the “gigas effect,” i.e., enlargement of cellular size 
in both flora and fauna (Stebbins 1971, Knight & Beaulieu 
2008). It is evident in plants that polyploidy modifies 
physiological features like transpiration, photosynthesis, and 
growth rates (Otto & Whitton 2000, Levin 2003, Maherali  

et al. 2009, Pacey et al. 2020, Van De Peer et al. 2021), 
which further improves its ecological tolerance (Levin 2002). 
Polyploids also have increased reproductive efficiency, are 
known to have more flowers per inflorescence, and reduce 
the barrier of self-incompatibility (Robertson et al. 2010). 
The polyploids are often thought to be ecologically better 
adapted and show gigas effect over diploid progenitors 
(Stebbins 1971). Such effects might be a result of increasing 
genome size (DNA), which relatively increases the level of 
gene and protein expression, and also increases the cell size, 
reduces cell division, and delays the onset of flowering and 
reproductive growth (Stebbins 1971). Hence, the insight of 
all the above characters and the molecular studies of over 
a decade show that polyploids are better adapted than their 
diploid ancestors (Otto & Whitton 2000, Comai 2005), and 
may help in species diversification in the harsh ecological 
environment (Otto 2007), where polyploid species evolve 
much faster or in a different direction compared to the diploids  
(Otto &Whitton 2000). The current review emphasizes the 
impact of abiotic factors, such as soil, temperature, light, 
and other geographical factors on polyploidy. The detailed 
review has been presented for the entire globe with special 
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reference to the studies conducted by different scholars in 
northwest India (Table 1). 

INCIDENCE OF GEOGRAPHICAL FACTORS  
OF POLYPLOIDY

Geographical Isolation

The spatial distribution of sexual asexual taxa is termed 
“Geographical parthenogenesis”. Later on, many authors 
discussed the broader geographical distribution of asexual(s). 
It is a belief that polyploidy enhances the adaptability of 
apomictic plants in higher elevations (Bierzychudek 1985) 
or extreme range of niches (Vrijenhoek 1984), but, very little 
is known about the vegetative performance and reproductive 
fitness of plants in severe alpine conditions (Ladinig et al. 
2013). Parapatric distribution of the Centaurea phrygia  
(2x and 4x) was reported in Central Europe (Koutecký 
2012), and of these, diploids are prominently distributed 
all over Central and North Europe, while tetraploids are 
confined to Western Carpathians. Similar observations were 
also observed in the Centaurea sect. Jacea, where a diploid/
tetraploid paring, leads to a low incidence of triploid(s) in 
both natural/experimental populations (Hardy et al. 2000, 

2001, Koutecký et al. 2011). Triploids have reported being 
sterile or nearly so, in the population of the Centaurea sect. 
Jacea (Hardy et al. 2000, 2001). The distribution of cytotypes 
(parapatric) depends upon two mechanisms: minority 
cytotype exclusions or habitat differentiation (Hardy et al. 
2000). The study on habitat requirement in cytotype(s) has 
been documented in both natural and laboratory conditions 
(Van Dijk et al. 1992). However, the distribution of 
polyploidy is not directly related to geographical isolation, 
as there are few reports of sympatric speciation, viz. Aster 

thomosonii and Elsholtzia cilliata (Fig. 1, Table 1).

Altitude Variation

It is believed that polyploidy predominance increases with an 
increase in altitude and are adapted more to cold temperature 
than diploid ancestor (Hagerup1932). Löve and Löve (1957) 
observed similar results in the higher altitudes of Eurasia and 
Arctic regions, where 85.9 percent polyploids were recorded 
compared to lower altitude flora (37%), and a similar view 
was supported by many scholars (de Wet 1980, Soltis & 
Soltis 1999, Brochmann et al. 2004). However, the theory of 
better resilience of polyploids was firmly rejected by many 
scholars (Bowden 1940, Gustafsson 1948). It is generally 

 

Fig. 1: Incidence of polyploidy and land use pattern in North and North Western India.
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believed that plants reproducing asexually frequently grow 
on higher altitudes and latitudes than their sexual relatives 
(Bierzychudek 1985, Hörandl et al. 2008) and most of these 
are polyploids. Fig. 2 indicates that the spatial patterns 
of polyploidy have no direct relation with altitude in the 
reviewed sites of the northwestern Himalayas.

Polyploidy and Temperature

Cytogeographical studies reveal polyploids replace diploid 
ancestors along with ecological gradients since polyploids 
generally prefer drier habitats (Watanabe 1986, Maherali et 
al. 2009) and extensively exposed habitats (Watanabe 1986, 
Lumaret et al. 1987). However, Fukuda (1967) reported 
the opposite of this, where diploid species of Achlys are 
dominant over tetraploids. As an earlier view, polyploidy 
is higher in plants of cold temperatures (Hieter & Griffith 
1999). It is believed that cold stress alters the microtubule 
formation, which obstructs cytokinesis and ultimately, forms 
unreduced gametes (Ramsey & Schemske 1998, Bomblies et 
al. 2015), which is a potent cause of sexual polyploidization 
(De Storme et al. 2012). This view is experimentally 
supported by Otto and Whitton (2000) that the frequency of 
unreduced gametes can be increased with cold temperature 
treatments. However, in northern latitudes, the high ploidy 
level in the species is due to the dominant perennial life 

forms and is not related to the lower temperature adaptability 
(Soltis et al. 2004). The more frequency of polyploids at high 
altitudes, the more ecological adaptation and efficiency than 
diploid ancestors (Vamosi & Dickinson 2006). It is evident 
that in higher altitudinal ranges, most plant species adapt 
to perennial life forms, and annuals are mostly dominant 
in lower altitudes. In the end, the perennial polyploids are 
more adaptive to a colder temperature than diploid progenitor 
and annuals cohorts, which has been also observed in the 
northwest Himalayas. 

Polyploidy and Habit Correlations

According to de Wet (1980), the origin and ecological 
adaptation of polyploids depend upon habit, habitat, and 
breeding system, which makes the relationship between 
polyploidy and habit more critical. Polyploidy usually occurs 
in perennial herbs than annuals and woody species (Stebbins 
1950, 1971). Perennial life form, despite lack of immediate 
fitness, provides a better chance for autopolyploids and 
allopolyploids to conquer the sterility problems that arise 
due to chromosome pairing and interaction between new 
cytoplasmic genomes (Hilu 1993). Generally, polyploids 
have the advantage of additional alleles that increase 
biochemical and genic flexibility, and heterozygosity, which 
provides a broader range of habitat adaptability in harsh 

 
Fig. 2: Altitude variation and predominance of polyploidy in North and North Western India.
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and unstable climates over diploid progenitors (Stebbins 
1985, Matzke et al. 1999). However, all the polyploids 
are not only perennials, numerous annuals polyploids are 
equally successful. The broad-scale comparative studies also 
highlight that polyploidy is similarly widespread in annuals 
and perennials with diverse life histories and ecological 
characters (Vamosi & Dickinson 2006). Otto & Whitton 
(2000) reported polyploidy index (PI) in ferns (41.7%), 
monocots (31.7%), and dicots (17.7%), meaning that almost 
half of the new haploid chromosomes are the result of 
polyploidization in ferns and so forth. Nevertheless, within 
dicots, herbaceous dicots have more PI (26.3%) compared 
to woody (-2.2%), which means a positive correlation 
is found in herbaceous dicots, while it is missing in the 
latter (Otto & Whitton 2000). The low polyploidy rate in 
woody angiosperms and gymnosperms may be due to the 
constraining cell size of vascular cambium, and ecological/
historical factors like a reduced rate of new habitat emergence 
(Stebbins 1971). Further, chromosome conditions of the 
phanerogams correspond to life forms as annuals generally 
show low base numbers and keep to the diploid or other lower 
polyploidy, while perennials, attain high base numbers and 
ploidy level (Gustafsson 1948). As per previous studies, in 
Pakistan only, two different views are reported for polyploidy 
and perenniality, polyploidy is rich in perennials in the first 
view (Baquar 1976), while it is more in annuals (Khatoon & 
Ali 2006) in another view. While in Polish flora, perennials 
and woody plants generally had higher chromosome numbers 
and polyploid frequencies than annuals and biennials 
(Góralski et al. 2014). However, due to some antagonistic 
reports (Vamosi & Dickinson 2006), no direct conclusion 
can be drawn for the correlation between polyploidy and 
herbaceous growth habit. Although, there is a shift from 
annual habit to perennial in the case of polyploids (Sano et al. 
1980), which might be due to increased cell size that provides 
an advantage of superior longevity and slower metabolism 
(Garbutt & Bazzaz 1983). The evolutionary analysis of 
1751 angiosperms species for polyploidy, clonality, and life 
history, reveals a significant relationship between polyploidy 
and perenniality (Van Drunen & Husband 2018a, b).

Polyploidy is among the critical determinants in studying 
plant evolution and results in genome plasticity and adaption 
by neo-fictionalization of genes. The current study predicts 
that environmental factors do not have any direct relation 
to the geographical/environmental allocation of cytotypes, 
but can promote chance colonization. Polyploid plants 
behave differently in other environmental conditions, as 
polyploids are more prominent in higher altitudes, and colder 
environments, and have a mixed distribution in different 
geographical conditions. 

REFERENCES
Baquar, S.R. 1976. Polyploidy in the flora of Pakistan in relation to latitude, 

life form, and taxonomic groups. Taxonomy, 25: 627.
Bierzychudek, P. 1985. Patterns in plant parthenogenesis. Experientia, 

41: 1255-1264.
Bir, S.S. and Sahni, M. 1985. Cytological investigation on some grasses 

from Punjab plains, North India. Proc. Indian Natn. Sci. Acad. B, 51: 
609-626.

Bir, S.S., Sahni, M. and Singh, C.P. 1988. Cytology of Genus Sporobolus 
R. Br. from North India (Punjab Plain). Cytologia, 53: 53-57.

Bomblies, K., Higgins, J.D. and Yant, L. 2015. Meiosis evolves:  
Adaptation to external and internal environments. New Phytol., 208: 
306-323.

Bowden, W.B. 1940. Diploidy, polyploidy, and winter hardiness 
relationships in the flowering plants. Am. J. Bot., 27: 357-371.

Brochmann, C., Brysting, A.K., Alsos, I.G., Borgen, L., Grundt, H.H., 
Scheen, A.C. and Elven, R. 2004. Polyploidy in arctic plants. Biol. J. 
Linn. Soc. Lond., 82: 521-536.

Cheng, F., Wu, J., Cai, X., Liang, J.L., Freeling, M. and Wang, X.W. 2018. 
Gene retention, fractionation and subgenome deference in polyploid 
plants. Nature Plants, 4: 258-268.

Comai, L. 2005. The advantages and disadvantages of being polyploid. Nat. 
Rev. Genet., 6: 836-846.

De Storme, N., Copenhaver, G.P. and Geelen, D. 2012. Production of 
diploid male gametes in Arabidopsis by cold-induced destabilization  
of post-meiotic radial microtubule arrays. Plant Physiol., 160: 1808-
1826.

de Wet, J.M.J. 1980. Origin of Polyploids. In Lewis, W.H. (ed.) Polyploidy: 
Biological relevance. Plenum Press, New York, USA, pp. 3-16.

Dhaliwal, A., Dhaliwal, R.S., Kaur, N. and Gupta, R.C. 2018a. 
Cytomorphological study in Genus Cenchrus L.: An important 
medicinal plant from North India (Family: Poaceae). Cytologia, 83: 
45-52.

Dhaliwal, A., Kaur, N. and Gupta, R.C. 2018b. Cytology of some grasses 
from Haryana and Shiwalik Hills. Cytologia, 83: 23-30.

Fukuda, I. 1967. The biosystematics of Achlys. Taxon, 16: 308-316.
Garbutt, K. and Bazzaz, F.A. 1984. The effects of elevated CO2 on plants. 

III. Flower, fruit and seed production and abortion. New Phytol., 98: 
433-446.

Góralski, G., Bal, M., Gacek, P., Orzechowski, T.M. and Kosecka-
Wierzejska, A. 2014. Chromosome numbers and polyploidy in life 
forms of Asteraceae, Poaceae and Rosaceae in Polish flora. ABC Ser. 
Bot., 56:7-15.

Gupta, H., Gupta, R.C., Kumar, R. and Singhal, V.K. 2017a. A profile of 
chromosome counts, male meiosis, and pollen fertility in 45 species 
of Asteraceae from Parvati Valley in Kullu district, Himachal Pradesh. 
Caryologia,70: 128-140.

Gupta, H., Kumar, R., Gupta, R.C. and Singhal, V.K. 2018a. New 
chromosome counts and evolutionary tendencies in some dicots 
analyzed from Parvati Valley, Kullu district, Himachal Pradesh. 
Caryologia,71: 238-262.

Gupta, R.C. and Singh, V. 2015. Cytogenetic Variation among Populations 
of Aster thomsonii C. B. Clarke from District Sirmaur, Himachal 
Pradesh (India). Cytologia80:81-87.

Gupta, R.C., Dhaliwal, A. and Kaur, N. 2018b. Cytological study in some 
members of tribe Paniceae (Poaceae) from Haryana and Adjoining 
Shiwalik Hills. Cytologia, 83: 73-79.

Gupta, R.C., Goyal, H. and Singh, V. 2014a. Cytology of the genus Artemisia 
(Anthemidae, Asteraceae) in the Western Himalayas. Biologia, 69: 
1134-1141.

Gupta, R.C., Goyal, H., Singh, V. and Goel, R.K. 2014b. Meiotic studies in 
some species of tribe Cichorieae (Asteraceae) from Western Himalayas. 
Scientific World J.2014: 1-9.



300 Anupreet Singh Tiwana et al.

Vol. 22, No. 1, 2023 • Nature Environment and Pollution Technology  

Gupta, R.C., Gupta, A. and Kaur, N. 2017b. Meiotic studies in some 
members of tribe Andropogoneae (Poaceae) from semi desert area of 
north India. Cytologia, 82: 105-113.

Gupta, R.C., Singh, V., Bala, S., Malik, R.A., Sharma, V. and Kaur K. 2017c. 
Cytomorphological variations and new reports of B-chromosomes in 
the genus Plantago (Plantaginaceae) from the Northwest Himalaya. 
Flora, 234: 69-76.

Gustafsson, A. 1948. Polyploidy, life-form and vegetative reproduction. 
Hereditas, 34: 1-25.

Hagerup, O. 1932. Über polyploidie in Beziehung zu Klima, Ökologie und 
Phylogenie: Chromosomenzahlen aus Timbuktu. Hereditas, 16(1‐2): 
19-40.

Hardy, O.J., de Loose, M., Vekemans, X. and Meerts, P. 2001.Allozyme 
segregation and inter-cytotype mating barriers in the polyploid complex 
Centaureajacea. Heredity, 87: 136-145.

Hardy, O.J., Vanderhoeven, S.O.N.I.A., De Loose, M. and Meerts, P. 2000. 
Ecological, morphological and allozymic differentiation between 
diploid and tetraploid knapweeds (Centaurea jacea) from a contact 
zone in the Belgian Ardennes. The New Phytologist, 146(2): 281-290.

Hieter, P. and Griffiths, T. 1999. Polyploidy-more is more or less. Science, 
285: 210-211.

Hilu, K.W. 1993. Polyploidy and the evolution of domesticated plants. Am. 
J. Bot., 80: 1494-1499.

Himshikha, Gupta, R.C., Kumar, R. and Singhal, V.K. 2017. Cytomixis 
and intraspecific polyploidy (2x, 4x) in Inula grandiflora Willd. 
from Malana Valley, Kullu District, Himachal Pradesh. Cytologia, 
82: 273-278.

Hörandl, E., Cosendai, A.C., Temsch, E. 2008. Understanding the 
geographic distributions of apomictic plants: A case for a pluralistic 
approach. Plant Ecol. Divers., 1: 309-320.

Jeelani, S.M., Kumari, S. and Gupta, R.C. 2012. Meiotic studies in some 
selected angiosperms from the Kashmir Himalayas. J. Syst. Evol., 
50: 244-257.

Jeelani, S.M., Kumari, S., Gupta, R.C. and Siddique, M.A.A. 2014. Detailed 
cytomorphological investigations through male meiosis of polypetalous 
plants from the Kashmir Himalaya. Plant. Syst. Evol., 300: 1175-1198.

Kaur, D. and Singhal, V.K. 2012. Phenomenon of cytomixis and 
intraspecific polyploidy (2x, 4x) in Spergularia diandra (Guss.) Heldr. 
& Sart. in the cold Desert Regions of Kinnaur district (Himachal 
Pradesh). Cytologia, 77: 163-171.

Kaur, H., Mubarik, N., Kumari, S. and Gupta RC. 2014. Meiotic studies 
in some species of Pennisetum Pers. (Poaceae) from the Western 
Himalayas. Cytologia, 79: 247-259.

Khan, N.A., Singhal, V.K., Tantray, Y.R. and Gupta, R.C. 2019. Report 
of intraspecific polyploidy (2x, 6x) in Rorippa palustris, Brassicaceae 
from cold deserts of Ladakh division (J & K), India. Cytologia, 84: 
207-210.

Khan, N.A., Singhal, V.K., Tantray, Y.R., Kumar, R. and Gupta, R.C. 2020. 
A case of intraspecific euploidy (2x, 4x) and secondary chromosomal 
associations in wild accessions of Geranium pratense L. from cold 
deserts of Ladakh (India). Nucleus (India), 63: 143-149.

Khatoon, S. and Ali, S.I. 2006. Chromosome numbers and polyploidy in 
the legumes of Pakistan. Pak. J. Bot., 38: 935-945.

Knight, C.A. and Beaulieu, J.M. 2008. Genome size scaling through 
phenotype space. Ann Bot., 101: 759-766.

Koutecký, P. 2012. A diploid drop in the tetraploid ocean: 
hybridization and long-term survival of a singular population 
of Centaureaweldeniana Rchb. (Asteraceae): A taxon new to 
Austria. Plant Syst. Evol., 298: 1349-1360.

Koutecký, P., Bad’ urová, T., Štech, M., Košnar, J. and Karásek, J. 
2011. Hybridization between diploid Centaureapseudophrygia  
and tetraploid C. jacea (Asteraceae): The role of mixed pollination, 
unreduced gametes, and mentor effects. Biol. J. Linn. Soc., 104:  
93-106.

Kumar, P. and Singhal, V.K. 2011. Male meiosis, morphometric analysis 
and distribution pattern of 2× and 4× cytotypes of Ranunculus hirtellus 
Royle, 1834 (Ranunculaceae) from the cold regions of northwest 
Himalayas (India). Comp. Cytogen., 5: 143-161.

Kumar, P., Rana, P.K. and Singhal, V.K. 2014. Male meiosis, morphometric 
analysis and natural propagation in the 2× and 3× cytotypes of 
Tordyliopsis brunonis (Apiaceae) from northwest Himalayas (India). 
Plant Syst. Evol., 300: 1477-1486. 

Kumar, S., Jeelani, S.M., Rani, S., Gupta, R.C. and Kumari, S. 2011b. 
Cytomorphological studies of genus Saxifraga L. from Western 
Himalaya. Nucleus, 54: 77-83. 

Kumar, S., Jeelani, S.M., Rani, S., Gupta, R.C. and Kumari, S. 2013. 
Cytology of five species of subfamily Papaveroideae from the Western 
Himalayas. Protoplasma, 250: 307-316.

Kumar, S., Jeelani, S.M., Rani, S., Kumari, S. and Gupta, R.C. 2011a. 
Exploration of intraspecific cytomorphological diversity in Agrimonia 

eupatoria L. (Rosaceae) from Western Himalayas, India. Cytologia, 
76: 81-88.

Kumar, S., Kumari, S. and Gupta, R.C. 2012. Cytological investigations of 
some polypetalous plants from District Sirmaur of Himachal Pradesh 
in the Western Himalayas, India. Chrom. Bot., 7: 87-96.

Ladinig, U., Hacker, J., Neuner, G. and Wagner, J. 2013. How 
endangered is the sexual reproduction of high-mountain plants by 
summer frosts? Frost resistance, frequency of frost events, and risk 
assessment. Oecologia,171: 743-760.

Levin, D.A. (ed). 2002. The Role of Chromosome Change in Plant 
Evolution. Oxford University Press, New York, USA, pp. 241.

Levin, D.A. 2003. The ecological transition in speciation. New Phytol., 
161: 91-96.

Lewis, W.H. (ed). 1980. Polyploidy: Biological Relevance. Plenum Press, 
New York, USA, pp. 595.

Löve, A. and Löve, D. 1957. Arctic Polyploidy. Proc. Gen. Soc. Canada. 
2: 23-27.

Lumaret, R., Guillerm, J.L., Delay, J., AitLhajLoutfifi, A., Izco, J. and Jay, 
M. 1987. Polyploidy and habitat differentiation in Dactylis glomerata 
L. from Galicia (Spain). Oecologia, 73: 436-446.

Maherali, H., Walden, A.E. and Husband, B.C. 2009. Genome duplication 
and the evolution of physiological responses to water stress. New 
Phytol., 184: 721-731.

Malik, R.A., Gupta, R.C. and Kumari, S. 2012. Cytogenetic diversity of 
Elsholtziaciliata Benth. (Lamiaceae) from Kashmir Himalaya. ABC 
Ser. Bot., 54: 76-83.

Matzke, M.A., MittelstenScheid, O. and Matzke, A.J. 1999. Rapid structural 
and epigenetic changes in polyploid and aneuploid genomes. BioEssays, 
21: 761-767.

Otto, S.P. 2007. The evolutionary consequences of polyploidy. Cell, 131: 
452-462.

Otto, S.P. and Whitton, J. 2000. Polyploidy: Incidence and evolution. Annu. 
Rev. Gen., 34: 401-437.

Pacey, E.K., Maherali, H. and Husband, B.C. 2020. The influence of 
experimentally induced polyploidy on the relationships between 
endopolyploidy and plant function in Arabidopsis thaliana. Ecol. 
Evol., 10: 198-216.

Ramsey, J. and Ramsey, T.S. 2014. Ecological studies of polyploidy in 
the 100 years following its discovery. Phil. Trans. R. Soc. B, 369: 
20130352.

Ramsey, J. and Schemske, D.W. 1998. Pathways, mechanisms, and rates 
of polyploid formation in flowering plants. Annu. Rev. Ecol. Syst., 
29: 467-501.

Ramsey, J. and Schemske, D.W. 2002. Neopolyploidy in flowering plants. 
Annu. Rev. Ecol. Syst., 33: 589-639.

Rani, S., Kumari, S., Gupta, R.C. and Chahota, R.K. 2014. Cytological 
studies of Angiosperms (174 species) from District Kangra, Himachal 
Pradesh (India). Plant Syst. Evol., 300: 851-862. 



301INFLUENCE OF GEOGRAPHICAL FACTORS ON POLYPLOIDY IN ANGIOSPERMS 

Nature Environment and Pollution Technology • Vol. 22, No. 1, 2023

Rani, S., Sharma, T.R., Kapila, R. and Chahota, R.K. 2015. Identification of 
new cytotypes of Valeriana jatamansi Jones, 1970 (Valerianaceae) from 
north-western Himalayan region of India. Comp. Cytogen., 9: 499-512.

Robertson, K., Goldberg, E.E. and Igic, B. 2010. Comparative evidence 
for the correlated evolution of polyploidy and self-compatibility in 
Solanaceae. Evolution, 65: 139-155.

Sano, Y., Morishima, H. and Oka, H.I. 1980. Intermediate perennial-annual 
populations of Oryzaperennis found in Thailand and their evolutionary 
significance. Bot. Mag., 93: 291-305.

Singh, V. 2017. Evaluation of Cytomoprhological Diversity in Gamopetale 
from District Sirmaur (H.P.). Ph.D. thesis, Punjabi University, Patiala

Singh, V., Gupta, R.C. and Kaur, K. 2016. IAPT/IOPB chromosome data 
21. Taxonomy, 65: 676

Singh, V., Gupta, R.C., Chauhan, H.S., Kaur, L., Kaur, K. and Sharma, M. 
2018a. Male meiotic studies in intraspecific polyploids of four species 
of subclass Gamopetalae from district Sirmaur (H.P.). Agriways, 6: 
61-68.

Singh, V., Gupta, R.C., Sharma, K., Sharma, V., Sharma, M. and Kaur, K. 
2018b. Male meiotic studies in 29 species of Lamiaceae from Sirmaur 
District of Himachal Pradesh, India. Cytologia, 83: 235-243.

Singhal, V.K., Tantray, Y.R., Kaur, D. and Gupta, R.C. 2017. First report 
of intraspecific polyploidy (2x, 4x) in Physochlaina praealta (Decne.) 
Miers. (Family: Solanaceae). Cytologia, 82: 245-250.

Singhal, V.K., Tantray, Y.R., Kaur, M., Rana, P.K. and Gupta, R.C. 2018. 
Intraspecific euploidy (2x, 4x) in Primula denticulata Sm. from North 
West Himalayas in India. Cytologia, 83: 31-35.

Soltis, D.E. and Soltis, P.S. 1999. Isozyme evidence for ancient polyploidy 
in primitive angiosperms. Syst. Bot., 15: 328-337.

Soltis, D.E., Soltis, P.S. and Tate, J.A. 2004. Advances in the 
study of polyploidy since plant speciation. New Phytol., 161:  
173-191.

Stebbins, G.L. (ed) 1971. Chromosome Evolution in Higher Plants. Edward, 
Arnold, London, pp. 216.

Stebbins, G.L. (ed). 1950. Variation and evolution in plants, Columbia 
University Press, New York, USA, pp. 643.

Stebbins, G.L. 1947. Types of polyploids: Their classification and 
significance. Ad. Genet., 1: 403-429.

Stebbins, G.L. 1985. Polyploidy, hybridization, and the invasion of new 
habitats. Ann Mo Bot. Gard., 72: 824-832.

Tantray, Y.R., Singhal, V.K., Kaur, M. and Gupta, R.C. 2018. 
Cytomorphological comparison in natural intraspecific cytotypes 
(2x, 4x) in Brachyactis pubescens from Northwest Himalayas, India. 
Cytologia, 83: 245-249.

Vamosi, J.C. and Dickinson, T.A. 2006. Polyploidy and diversification: 
A phylogenetic investigation in Rosaceae. Int. J. Plant. Sci., 167:  
349-358.

Van de Peer, Y., Ashman, T.L., Soltis, P.S. and Soltis, D.E., 2021. 
Polyploidy: An evolutionary and ecological force in stressful times.  
Plant Cell, 26-11 :33. 

Van Dijk, P., Hartog, M. and Van Delden, W. 1992. Single cytotype areas 
in autopolyploid Plantago media L. Biol. J. Linn. Soc., 46: 315-331.

Van Drunen, W.E. and Husband, B.C. 2018a. Whole genome duplication 
decreases clonal stolon production and genet size in the wild strawberry 
Fragaria vesca. Am. J. Bot., 105: 1712-1724.

Van Drunen, W.E. and Husband, B.C. 2018b. Immediate vs. evolutionary 
consequences of polyploidy on clonal reproduction in an autopolyploid 
plant. Ann. Bot., 122: 195-205.

Vrijenhoek, R.C. 1984. Ecological differentiation among clones: The 
frozen niche variation model. In: Woermann, K. and Loeschcke, V. 
(eds), Population Biology and Evolution. Springer, Berlin, pp. 217-23.

Watanabe, K. 1986. The cytogeography of the genus Eupatorium 
(Compositae): A review. Plant Species. Biol., 1: 99-116.


