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ABSTRACT 
 

Red clover (Trifolium pratense L.) is one of the main forage species from temperate regions and its 
centre of origin is located in southern Europe and southern Eurasia. Although red clover is 
Mediterranean in origin, it is a widely adapted species grown in many climatic conditions around the 
world. It is a perennial, medicinal herb from legume family and it grows best in calcium, phosphorus 
and potassium rich soils. This medicinal plant is in symbiotic association with bacteria present in its 
root nodules, thus the plant is capable of fixing the atmospheric nitrogen into the soil thereby 
increasing the quality of the soil. Red clover is typically used to treat a number of respiratory 
ailments such as asthma, bronchitis, and bronchitis, skin disorders such as eczema and psoriasis, 
inflammatory conditions like arthritis, and to treat women's health problems especially in giving 
relief from menopausal symptoms. However, the response of Red Clover under abiotic stress 
conditions is a less explored area of research. The present review highlights the existing potential 
of Red clover in fighting abiotic stress conditions and also explains the need of developing resistant 
varieties of this plant to meet the future challenges. 
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1. INTRODUCTION 
 
Red clover (Trifolium pratense) is a perennial 
short duration herb from legume family and it 
grows best in calcium, phosphorus and 
potassium rich soils. This medicinal plant is in 
symbiotic association with bacteria present in the 
root nodules, thus the plant is capable of fixing 
the atmospheric nitrogen into the soil thereby 
increasing not only the fertility but also the quality 
of the soil [1]. For this reason, this 
pharmaceutically important medicinal plant is 
also extensively used in crop rotation. Red clover 
(Trifolium pratense L.) is one of the main forage 
species from temperate regions and its centre of 
origin is located in southern Europe and southern 
Eurasia [2,3,4]. 
 

In herbal medicine, red clover is typically used to 
treat a number of respiratory ailments such 
as asthma, bronchitis, and bronchitis, skin 
disorders such as eczema and psoriasis, 
inflammatory conditions like arthritis, and to treat 
women's health problems especially in giving 
relief from menopausal symptoms [5]. 
 
Red clover's brightly colored flowers contain 
many nutrients including calcium, chromium, 
magnesium, niacin, phosphorus, potassium, 
thiamine, and vitamin C [6]. 
 

2. ABIOTIC STRESS IN PLANTS 
 

Abiotic stresses such as salt, flood, drought, 
cold, heat, frost and mineral toxicity reduce the 
growth, development, seed quality and yield at all 
stages. In future it is predicted that fresh water 
scarcity will increase and ultimately intensity of 
abiotic stresses will increase [7]. Development of 
crop varieties that are resistant to abiotic 
stresses is the need of the hour to ensure food 
safety and security. Roots are a plant’s first line 
of defense against abiotic stress. As the plants 
are sessile they have naturally developed highly 
organized molecular mechanisms to sense and 
respond to various environmental changes 
occurring in the environment [8,9,10]. The 
responses generated by the plants under abiotic 
stress conditions are both reversible and 
irreversible. Plants under abiotic stress trigger a 
number of plant responses ranging from altered 
cellular metabolism, gene expression, growth 
rate and finally the crop yield. The plant’s 
response to the stress depends upon a number 
of factors viz., severity of the stress, duration of 
the exposure and rate of the stress. Under the 

physiological and metabolic response, plants 
produce osmoprotectants ex., proline, sugars, 
sugar alcohols and glycine betaine [11] that 
leads to cellular osmotic homeostasis, changes 
in the lipid composition [12] regulation of ions by 
transport proteins across the membranes [13] 
and regulation of stomatal aperture [14]. 
 

Plants experience a number of abiotic stresses 
which negatively impact the crop productivity 
worldwide. These abiotic stresses are 
interrelated with each other and may result in 
osmotic stress, malfunction of ion distribution and 
plant cell homeostasis. The growth rate and 
productivity is affected by a complex   responses 
generated bya group of genes by changing their 
expression patterns. So, the identification of 
responsive genes against abiotic stresses is 
necessary in order to understand the abiotic 
stress response mechanisms in crop plants [15].  
 

3. SALT STRESS IN PLANTS 
 

Stress in plants refers to external conditions that 
adversely affect growth, development or 
productivity of plants. Stresses trigger a wide 
range of plant responses like altered gene 
expression, cellular metabolism, changes in 
growth rates, crop yields, etc. A plant stress 
usually reflects some sudden changes in 
environmental condition. However in stress 
tolerant plant species, exposure to a particular 
stress leads to acclimation to that specific stress 
in a time time-dependent manner [16]. 
 

As per the survey conducted by FAO Land and 
Plant Nutrition Management Service in 2010, 
over 6% of the world's land is under salt stress 
[17]. Approximately 20% of cultivated land 
worldwide is affected by salinity. It is one of the 
major stress limiting the crop productivity and 
yield [18,19]. As per Central Soil Salinity 
Research Institute of India total 6744968 ha land 
in India is under salt stress [20]. Soil salinity is 
not only restricted to arid and semi arid regions 
but also occurs extensively in the coastal regions 
. In arid and semi arid regions it is mainly due to 
mal irrigation practices and in coastal regions, 
salinity is attributed to sea water [21]. 
 

Salinity is a condition which is characterized by 
high salt concentration. It is one of the most 
significant environmental factors limiting plant 
growth. A paste of saturated soil having electrical 
conductivity 4 dsm-1 is said to be saline soil. It 
signifies the accumulation of salts mainly sodium 
chloride and sodium sulphate in the soil or water 
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above a threshold level. The other salts 
responsible for increasing the salinity of the soil 
include chlorides and sulphates of calcium and 
magnesium.  
 

Salinity is caused by a number of factors 
including decomposition of rocks, sedimentation 
in marine waters, mal irrigation practices, ground 
water in water logged soils, flowing of flood water 
over saline areas. Salinity causes effect on all 
the developmental stages of plant including 
germination, photosynthesis, ionic balance, 
oxidative stress, respiration and finally yield. 
Excess salinity changes the rate of imbibitions of 
water by seeds at the time of germination due to 
lower osmotic potential of surroundings [22]. It 
alters metabolism of proteins [23], changes the 
activities of enzymes of nucleic acid metabolism 
[24], causes hormonal imbalance and reduces 
the utilization of seed reserves [25] Salinity 
causes reduction in the growth rate [26] as well. 
 

One of the primary responses to high salinity is 
the imbalance of the Na+/K+ ratio in the 
cytoplasm of the plant cell. The salt enters the 
roots of the plant and triggers many cascade of 
reactions thereby causing water stress due to 
intake of excessive sodium (Na+) and chloride  
(Cl−) leading to development of  cytotoxic 
conditions. Plant responses to salinity have been 
divided into two phases. First, an ion-
independent growth reduction, which takes place 
within minutes to days, causing inhibition of cell 
expansion in shoots and stomatal closure in 
leaves [27]. A second phase takes place over 
days or even weeks and pertains to the build-up 
of cytotoxic ion levels, which slows down 
metabolic processes thereby causing premature 
senescence, and ultimately cell death [28]. 
 

Plants adopt a number of strategies to combat 
the salt stress. Predominant ones include, 
activation of several signal cascades that 
generate ionic tolerance by restricting (net) Na+ 
influx into the root and reduce (net) Na+ 
translocation and tissue tolerance is enhanced 
by compartmentalization of toxic ions into 
vacuoles to avoid detrimental effects on 
cytoplasmic processes. The phytohormone 
abscisic acid (ABA) also plays an important role 
during plant adaptation to environmental stress 
such as high salinity [29]. The above strategies 
has been clearly observed in halophytes making 
them tolerant to high salt concentrations [30,31]. 
 

 4. RED CLOVER AND SALT STRESS 
 

The behavior of red clover plant under salt stress 
is a less explored area. The effect of salt stress 

was studied on germination of 28 red clover 
populations taken from Turkey and it was found 
that population 17 gave the highest promptness 
index while the population 19 produced the 
longest roots at 180mM NaCl concentration [32]. 
The researches have proved that Red clover is a 
highly salt sensitive plant. Several reports 
concluded that salt concentrations when applied 
to Red clover seeds had a critical influence not 
only on the germination of seeds but also on 
plant establishment [33]. Salinity reduced water 
potentials in the leaves of clovers (Trifolium sp.), 
reduced length and dry mass of the stem and 
affects the length and conductivity of the root 
[34]. Phenolic compounds have received great 
attention in recent times for their ability to prevent 
plant from oxidative stress induced harmful 
effects. The phenolic compounds in red clover 
roots were characterised by high performance 
liquid chromatography and mass spectrometry 
and the response of root phenolics was studied 
under various stress factors. It was found that 
root phenolics in Red clover were not only 
sensitive to biotic but also abiotic stress 
conditions. Red Clover is found to be salt 
sensitive especially during seed germination and 
early seedling growth stages. It has been 
observed that the germination energy, 
percentage of dead or infected seeds, normal 
seedlings, root length, shoot length, fresh weight, 
dry weight and seedling vigor index were 
decreased considerably with increasing dosage 
of NaCl [35]. 
 

5. RED CLOVER AND COLD STRESS 
 

Studies were conducted to improve the freezing 
tolerance of Red Clover under cold climate 
conditions [36]. The freezing tolerance was 
assessed by comparing the proteome analysis of 
non-acclimated and cold-acclimated plants of two 
initial cultivars of red clover: Endure (E-TF0) and 
Christie (C-TF0) and of populations issued from 
these cultivars after three (TF3) and four (TF4) 
cycles of phenotypic recurrent selection for 
superior freezing tolerance. The freezing 
tolerance was significantly improved by recurrent 
selection and was closely associated with the 
accumulation of cold regulated proteins. These 
cold regulated proteins play a key role in 
increasing the level of freezing tolerance.  
 

6. RED CLOVER AND HEAVY METAL 
STRESS 

 

The effect of different concentrations of arsenate 
was studied on red clover plants and it was 
observed that with increasing dosage of 
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arsenate, the superoxide dismutase activity, 
peroxidase activity, carotenoid and chlorophyll 
content increases. This clearly indicates that 
higher concentrations of arsenate causes 
oxidative damage in red clover shoot [37].  
 

7. CONCLUSION 
 

The researches stated above clearly indicate that 
Red Clover and abiotic stress is less explored 
area of research till now. The future research 
should be carried out to not only study the effect 
of various abiotic stress conditions on this 
important medicinal plant but also to develop 
resistant varieties of this plant.  Red clover is a 
pharmaceutically important plant and has many 
therapeutic uses.  
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Dias PMB, Julier B, Sampoux JP, Barre P, 
Dall’Agnol M. Genetic diversity in red 
clover (Trifolium pratense L.) revealed by 
morphological and microsatellite (SSR) 
markers. Euphytica. 2008;160:189–205. 

2. Taylor NL, Quesenberry KH. Red Clover 
Science, p: 226. Kluwer Academic 
Publishers; 1996. 

3. Algan G, Buyukkartal HNB. Ultrastructure 
of seed coat development in the natural 
tetraploid Trifolium pratense L. J. Agron. 
Crop Sci. 2000.;182:205–213. 

4. Herrmann D, Boller B, Studer B, Widmer F, 
Kölliker R. QTL analysis of seed yield 
components in red clover (Trifolium 
pratense L.). Theor. Appl. Genet. 2006; 
112:536–545. 

5. Ghazanfarpour M, Sadeghi R, Latifnejad 
Roudsari R, et al. Effects of red clover on 
hot flash and circulating hormone 
concentrations in menopausal women: A 
systematic review and meta-
analysis. Avicenna J Phytomed. 2015;5(6): 
498-511. 

6. Lethaby A, Marjoribanks J, Kronenberg F, 
Roberts H, Eden J, Brown J. 
Phytoestrogens for menopausal vasomotor 
symptoms. Cochrane Database Syst Rev. 
2013;(12):CD001395. 
DOI:10.1002/14651858.CD001395.pub4 

7. Seki SK, Reddy KR, Li J. Abscisic acid and 
abiotic stress tolerance in crop plants. 
Frontiers in Plant Science. 2007;7:571. 

8. Dinneny JR, Long TA, Wang JY, Jung JW, 
Mace D, Pointer S, Barron C, Brady SM, 
Schiefelbein J, Benfey PN, Cell identity 
mediates the response of Arabidopsis 
roots to abiotic stress. Science. 2008; 
320(5878):942-945. 

9. Tattersall EA, Grimplet J, Deluc L, 
Wheatley MD, Vincent D, Osborne C, 
Ergul A, Lomen E, Blank RR, Schlauch 
KA, Cushman JC, Cramer GR. Transcript 
abundance profiles reveal larger and more 
complex responses of grapevine to chilling 
compared to osmotic and salinity stress. 
Functional Integrated Genomics. 2007; 
7(4):317-333.  

10. Pinheiro C, Chaves MM. Photosynthesis 
and drought: Can we make metabolic 
connections from available data? Journal 
of Experimental Botany. 2011;62(3):869-
882.  

11. Krasensky J, Jonak C. Drought, salt, and 
temperature stress-induced metabolic 
rearrangements and regulatory networks. 
Journal of Experimental Botany. 2012; 
63(4):1593–1608. 

12. Testerink C, Munnik T. Molecular, cellular, 
and physiological responses to 
phosphatidic acid formation in plants. 
Journal of Experimental Botany. 2011; 
62(7):2349–2361. 

13. Gao PJ, Chao YD and Lin HX. 
Understanding abiotic stress tolerance 
mechanisms: Recent studies on stress 
response in rice. Journal of Integrative 
Plant Biology. 2007;49(6):742−750. 

14. Umezawa T, Nakashima K, Miyakawa T, 
Kuromori T, Tanokura M, Shinozaki K, 
Yamaguchi-Shinozaki KY. Molecular basis 
of the core regulatory network in aba 
responses: Sensing, Signaling and 
Transport. Plant Cell Physiology. 2010; 
51(111):821-1839.  

15. Zhu Y-N, Shi D-Q, Ruan M-B, Zhang L-L, 
Meng Z-H, et al. Transcriptome Analysis 
Reveals Crosstalk of Responsive Genes to 
Multiple Abiotic Stresses in Cotton 
(Gossypium hirsutum L.). PLoS ONE. 
2013;8(11):e80218. 

16. Verma S, Nizam S, Verma PK. Biotic           
and abiotic stress signalling in plants. 
Stress Signaling in Plants: Genomics            
and Proteomics Perspective. 2013;1:25-
49. 

17. Rana Munns, Genes and Salt Tolerance: 
Bringing them together. New Phytologist 
2005;167:645-663. 



 
 
 
 

Parween et al.; AIR, 21(6): 1-5, 2020; Article no.AIR.56691 
 
 

 
5 
 

18. Flowers TJ. Improving crop salt tolerance. 
Journal of Experimental Botany. 2004; 
55(396):307–319. 

19. Munns R, Tester M. Mechanisms of 
salinity tolerance. Annual Review of Plant 
Biology. 2008;59:651–681. 

20. Available:www.cssri.org 

21. Yadav Sangeeta, Irfan Mohd, Ahmad Aqil, 
Hayat Shamsul. Causes of salinity and 
plant manifestations to salt stress: A 
Review. Journal of Environmental Biology. 
2011;32:667-685.  

22. Khan MA, Weber DJ. Ecophysiology of 
high salinity tolerant plants. Tasks for 
Vegetation Science, Springer. 2008;40: 
313-344. 

23. Dantas BF, De Sa Ribeiro L, Aragao CA. 
Germination, initial growth and cotyledon 
protein content of bean cultivars under 
salinity stress. Revista Brasiliera de 
Sementes. 2007;29:106-110. 

24. Gomes-Filho E, Machado Lima CRF, 
Costa JH, da Silva AC, da Guia Silva Lima 
M, de Lacerda CF, Prisco JT. Cowpea 
ribonuclease: Properties and effect of 
NaCl-salinity on its activation during seed 
germination and seedling establishment. 
Plant Cell Reproduction. 2008;27:147–
157.  

25. Othman Y, Al-Karaki G, Al-Tawaha AR, Al-
Horani A. Variation in germination and ion 
uptake in barley genotypes under salinity 
conditions. World Journal of Agriculture 
Sciences. 2006;2:11–15. 

26. Khodarahmpour Z, Ifar M, Motamedi M. 
Effects of NaCl salinity on maize (Zea 
mays L.) at germination and early seedling 
stage. African Journal of   Biotechnology. 
2012;11:298–304. 

27. Rajendran K, Tester M, Roy SJ. 
Quantifying the three main components of 
salinity tolerance in cereals. Plant Cell 
Environ. 2009;32:237–249.  

DOI: 10.1111/j.1365-3040.2008.01916.x 

28. Roy SJ, Negrão S, Tester M. Salt resistant 
crop plants. Curr. Opin. Biotechnol. 26, 
2014;115–124.  

DOI: 10.1016/j.copbio.2013.12.004 

29. Saroj K. Shah Kambham, Reddy R, Jiaxu 
Li. Abscissic acid and abiotic stress 
tolerance in crop plants. Front. Plant Sci. 
2016;7:571.  
DOI: 10.3389/fpls.2016.00571 

30. Flowers TJ, Colmer TD. Salinity tolerance 
in halophytes. New Phytol. 2008;179:945–
963.  
DOI: 10.1111/j.1469-8137.2008.02531 

31. Flowers TJ, Colmer TD. Plant salt 
tolerance: adaptations in halophytes. 
Annu. Bot. 2015;115:327–331.  
DOI: 10.1093/aob/mcu267 

32. Ozlem Onal Asci, Salt tolerance in red 
clover (Trifolium pratense L.) seedlings 
African Journal of Biotechnology. 
201;10(44):8774-8781. 

33. Monica Niste, Roxana Vidican*, Vlad 
Stoian, Ioana Berindean, Adriana Criste, 
Raluca MICLEA, Rodica POP. The effect 
of salinity stress on seed germination of 
red clover (Trifolium pratense L.) and 
Alfalfa (Medicago sativa L.) Varieties 
Bulletin USAMV series Agriculture. 2015; 
72(2). 

34. Orak A, Ateş E. Resistance to salinity 
stress and available water levels at the 
22seedling stage of the common vetch 
(Vicia sativa L.). Plant Soil Environ. 2005; 
51(2):51-56. 

35. Violeta Mandić, Vesna Krnjaja, Zorica 
Bijelić, Zdravko Tomic, Aleksandar Simić, 
Dragana Ružić-Muslić, Aleksandar 
Stanojković. Biotechnology in Animal 
Husbandry. 2014;30(3):529-538. 

36. Annick Bertrand, Solen Rocher, Annie 
Claessens, Marie Bipfubusa, Yousef 
Papadopoulos Yves Castonguay. 
Biochemical and molecular responses 
during overwintering of red 
cloverpopulations recurrently selected for 
improved freezing tolerance. Plant 
Science. 2020;292:1103988. 

37. Mascher René, Lippmann, Bärbel, 
Holzinger Sylvia, Bergmann, Hans. 
Arsenate toxicity: Effects on oxidative 
stress response molecules and enzymes 
in red clover plants. Plant Science. 2002; 
163:961-969.  

_________________________________________________________________________________ 
© 2020 Parween et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/56691 


