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Abstract: Trifolium alexandrinum L. is a leguminuous plant having tremendous nutritional values associated 

with it to be utilized as cattle feed. The germination is affected by different factors and one of them being the 

water absorption capacity of seeds for initial germination. In our study three cultivars of T. alexandrinum viz. 

BB1 BB2 BB3 were selected and their corresponding seeds were germinated under Na2SO4 stress. The salt 

concentration chosen for the study ranged from  0 mM, 25 mM, 50 mM, 75 mM, 100 mM, and 150 mM. The 

study revealed that the salt concentration 0 mM, 25 mM, 50 mM were not having pronounced effect but upon 

increasing the salt concentration the rate of germination decreased and hence the radical, plumule and 

cotyledonary leaf also was drastically reduced.  
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Introduction 

Environmental stress retards plant growth and 

cause dip in crop productivity and the reports 

suggests its effect in about 20 % of the 

irrigated land worldwide (Qadir et al. 2014; 

Mujeeb-Kazi et al. 2019; Sehrawat et al. 2019; 

Wang et al. 2019). Plants are able to survive 

during adverse conditions by the method 

called as acclimatization and is achieved by 

the plant with different modification for 

metabolic processes (Sinha et al. 2014a; Sinha 

et al. 2018). Salt stress causes water 

unavailability in the irrigated farms and as a 

result different osmotic changes becomes 

visible causing unfavorable condition for plant 

survival (Acosta-Motos et al. 2017; Mujeeb-

Kazi et al. 2019).   

Salinity is not always detrimental for 

the plants but in some cases it may also 

enhance flowering and longer root formation 

which in turn will help in abiotic stress 

tolerance development for the plants by the 

process called adaptation and may also cause 

faster development (Kumar et al. 2009; Joshi 

et al. 2018). Salinity effect is different for 

different stages of the plant and also depends 

upon the time for which plant has been expose 

to adverse saline conditions (James et al. 2011; 

Sinha et al. 2014b; Hnilickova et al. 2019). All 

the stages of plants are not affected with 
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similar toxicity level due to salinity exposure 

but the metabolic functions experience 

deviation from the normal one (Hasegawa, 

2013; Lekklar et al. 2019; Mulat and Sinha, 

2020a). The roots are regarded as the 

connector between plants machinery 

determining water uptake, cell expansion etc. 

and if it malfunctions then plants survival 

becomes impossible (Munns and Tester, 

2008). Salt stress elevates ionic changes and is 

able to push the plant move towards 

senescence by disturbing the photosynthetic 

efficiency of the plant (de Freitas et al. 2019).  

Germination of seed is difficult but the 

seed dormancy may be broken by salinity 

exposure when used in low concentration 

(Sinha et al. 2018). The seed vigor or 

imbibition potential of the seeds can never be 

generalized but if measured in terms of 

percentage germination can provide some idea 

about the seed quality.  In case of legumes, 

germination of seeds is not difficult but 

influenced by salinity (Mulugeta and Sinha, 

2020). Trifolium belongs to Fabaceae and is 

known as one of the important forage 

cultivated in the temperate belt worldwide 

(Williams et al. 2019). However, Trifolium 

species are adapted in different ecological 

places experiencing fluctuation in temperature 

(Guzmán-Ortiz et al. 2019) 

The genus has found its adaptability in 

a number of ecological zones including the 

semi-arid places which experiences different 

fluctuating temperature (Annicchiarico et al. 

2011). Trifolium alexandrinum L. is one of the 

important and popular forage for the cattle and 

is regarded due to the properties of 

digestibility, mineral content richness etc 

(Laghari et al. 2000; Garg et al. 2016). The 

plant can well be used for studying and then 

eyeing its growth in saline regions which can 

reduce the burden on vehicles for 

transportation in those regions where it is not 

grown but cattle require it. Only a handful of 

reports are available for Trifolium 

alexandrinum L. (Bundel Berseem) and 

pushed the workers for evaluating the capacity 

cultivars of Bundel Berseem namely BB-1, 

BB-2 and BB-3 for seed germination for 

assessing potential applications in saline 

environment.  

 

Material and Methods 

Seeds viability observance  

The cultivars BB1, BB2 and BB3 of T. 

alexandrinum were obtained from IGFRI, 

Jhansi, India. After the seeds were procured 

the primary task was to access their potential 

to germinate. Two hundred seeds of each 

cultivar were kept on moist blotting paper in 

petri-dishes after soaking the seeds in water.  

Seed germination under salinity stress  

Thirty seeds each of the procured cultivars 

were subjected to germination with salt stress 

of Na2SO4  in the concentration ranging from 0 

mM, 25 mM, 50 mM, 75 mM, 100 mM, and 

150 mM and seeds were germinated following 

the method available in literature (Sinha et al. 

2018; Ghassemabadi et al. 2018). The seeds 

sets were germinated (in sets of triplicate) in 

Plant growth chamber with the standard 

condition of 25±1 °C, 1000 lux and 16/8 h 
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photoperiod. The respective emergence of 

radicle, plumule and leaves were observed on 

a daily basis at 10:00 am daily with an interval 

of 24 h.   

Statistical analysis and percentage rate 

determination  

The percentage seed germination (G %) was 

determined by using the standard formula of 

(number of germinated seeds x 100)/ (The 

total experimental seeds). The Timson’s index 

was determined by the formula Timson’s 

index of germination velocity=∑G/t; G = Seed 

percentage germination per day interval; t= 

germination period (Goro and Sinha, 2020). 

The obtained or recorded values of the 

experiment was analysed by ANOVA using 

Crop Stat version 7.2.3, IRRI, Philippines.  

Results 

Potential of seeds germination verification  

The seeds when germinated on petri-dishes 

were able to germinate and showed 

germination percentage close to 95 %, 94 % 

and 97 % for BB1, BB2 and BB3 respectively.  

Effects of sodium sulphate (Na2SO4) stress 

on radicle appearance 

The germination percentages for controlled set 

was found high in the range close to 95 %  and 

the TI was found 80.8-82.3. The radicle was 

found to appear almost on a similar rate for the 

cultivars BB1, BB2, and BB3 at 25 mM salt 

stress. The salt concentration when raised to 

150 mM, a decrease was observed. The 

highest G% of 95.6 was observed for control 

of BBB2 and the lowest 50.1 for 150 mM salt 

stress in BB3. The G% at 75 mM and 100 mM 

was found almost in the similar range and the 

TI was also in the comparable range. The 

result for radicle appearance in the experiment 

has been reported in Table 1; Figure 1 

 

Figure 1: Seed Germination and Timson’s index of Radicle appearance of T. alexandrinum 

Cultivars 

Effects of sodium sulphate (Na2SO4) stress 

on plumule appearance 

The control set showed germination 

percentage in the range of 87.6-89.1 and the TI 

was observed between 54.9-57.1.  At lower 

salt stress exposure of 25 mM and 50 mM the 

G% and TI of all the tested cultivars were for 

all the cultivars were comparable just like the 

radical results From 75 mM salt stress the salt 

stress effect stared to perceive signals and G% 
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and TI were reducted in the range of 78.6-84.5 

and 55.2-54.8 respectively. The 150 mM salt 

concentration depicted significant decrease in 

TI to as low as 28.6 for BB3 and hence was 

significantly lower (Table 1; Figure 2).  

 

Figure 2: Seed Germination and Timson’s index of Plumule appearance of T. alexandrinum 

Cultivars 

Effects of sodium sulphate (Na2SO4) stress 

on cotyledonary leaf appearance 

The appearance of cotyledonary leaves is 

directly dependent upon the appearance rate of 

plumule. The G% exhibited a range of  65.2-

87.5 and the TI was found in the range of  

28.6-61.8. The lower value of G% and TI was 

found only because of the directly 

proportionality of the plumule appearance over 

leaf appearance. The rate of G% and TI both 

were found to be reduced as the salt stress was 

exposed to higher percentage. LSD@5% and 

SE has also been represented for the executed 

study data (Table 1; Figure 3). 

Figure 3: Seed Germination and Timson’s index of Cotyledonary leaf appearance of T. 

alexandrinum Cultivars 
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Table 1: Effects of Na2SO4 concentrations on the radicle, plumule and cotyledonary leaf emergence of 

three cultivars BB1, BB2 and BB3 of T. alexandrinum L. under different concentration. 

 Radicle appearance Plumule appearance Cotyledonary leaf appearance 

 G% TI G% TI G% TI 

C-BB1 94.5a 82.3a 87.6a 54.9a 87.6a 54.9a 

C-BB2 95.6a 80.6a 89.1a 56.1a 89.1a 56.1a 

C-BB3 94.3a 80.8a 88.9a 57.1a 88.9a 57.1a 

T1-BB1 93.2a 77.1a 87.5a 59.8a 87.5a 59.8a 

T1-BB2 94.5a 73.9a 86.7a 61.3a 86.7a 61.3a 

T1-BB3 92.2a 77.1a 86.9a 52.9b 86.9a 52.9b 

T2-BB1 91.1a 78.9a 88.1a 61.9a 88.1a 61.9a 

T2-BB2 84.4a 74.9b 87.1a 58.8a,b 87.1a 58.8a,b 

T2-BB3 86.3a 78.8a 81.8a 56.8b 81.8a 56.8b 

T3-BB1 83.1a 73.1a 87.7a 61.8a 87.7a 61.8a 

T3-BB2 81.1a 73.2a 84.5a,b 55.2b,c 84.5a,b 55.2b,c 

T3-BB3 83.1a 73.8b 78.6b 54.8c 78.6b 54.8c 

T4-BB1 84.5a 74.8a 76.8a 53.1a 76.8a 53.1a 

T4-BB2 73.3b,c 74.6a 81.1a,b 56.3b,a 81.1a,b 56.3b,a 

T4-BB3 72.1c 73.5a 83.3b 54.8a 83.3b 54.8a 

T5-BB1 61.1a 48.9a 56.1a 33.1a 56.1a 33.1a 

T5-BB2 53.1a,b 47.1b 64.3b,c 41.2b 64.3b,c 41.2b 

T5-BB3 50.1b 40.0c 65.2c 28.6a 65.2c 28.6a 

SE 2.6 0.9 1.9 0.9 1.9 0.9 

5%LSD 7.4 2.3 6.1 3.4 6.1 3.4 

 The code refers to C= control; T1= 25mM stress; T2= 50 mM stress; T3= 75 mM stress; T4= 100 

mM stress; T5= 150mM stress; BB1, BB2, BB3 corresponds to the cultivar; TI: Timson’s index; G%: 

Germination percentage. 

 Discussion 

Germination of seed in field represents one of 

the most important concept which determines 

productivity. When plants are subjected to 

abiotic stress like temperature regimes, light 

stress, salt stress etc. then the normal growth 

potential of plants are compromised (Aslam et 

al. 2010; Sinha et al. 2014c; Auwal et al. 2016; 

Talaat, 2019). Salt stress destroys productivity 

and also affects the seeds which in future 

cause germination delays thereby causing 

complexities in optimum performance by the 

plants (Safdar et al. 2019). The water uptake 

potential of the seeds is affected due to salt 

stress and our experiments were clearly able to 

find the difference between the germination of 

different cultivars of the subject seeds. Only a 

handful of reports are available on Trifolium 

for its assessment of germination level and 

thus, the idea was perceived with curiosity. 

The germination percentage of all the control 

sets were found constant and fastest which is 
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an ideal for any experiment (Sinha et al. 

2018). About fifty percent seeds germinated 

without difficulty upto 75 mM stress and thus 

indicates only moderate affect on seeds 

germination  which follows the same pattern 

based on literature on salinity stress on 

different seeds germination (Yadav et al. 2019; 

Jha et al. 2019). When the seeds were 

subjected to higher range salt stress the 

germination was hampered and this must have 

been the result of toxity influx in seed due to 

salt imbibition and the same pattern is also 

documented for many species (Auwal et al. 

2016; Sozharajan and Natarajan, 2016). Thus, 

it becomes evident that higher salt 

concentration becomes a poison for the plant 

at any critical life stage of the plant and if they 

becomes acute then they are able to destroy 

the metabolic functions of the plant’s 

machinery and thus, loss in optimum growth 

and development of the plant (Liang et al. 

2018). It becomes also clarified that if the 

seeds are not able to produce cotyledonary 

leaves or even after producing it shows wilting 

then food synthesis in plant is compromised 

which leads to the death of the plant at initial 

level only (Ibrahim et al. 2016; Ashraf et al. 

2018). Thus, the question is how do the plant 

survive then? And the answer provided by our 

study is whenever plants or seeds are subjected 

to salt stress then they modify the machinery 

in such a way that the metabolic rates are 

functional and are able to develop long roots 

(Pinheiro et al. 2018). Our study is amongst 

the pioneer ones in attempting seed 

germination aspect of Trifolium and holds 

importance in terms of forage study.  

Conclusion 

The outcome of our work confirms 

interlinking of TI and germination when 

subjected to salt stress. Our study has also 

entrusted that whenever the salt accumulation 

increases it becomes toxic and disturbs the 

optimum growth of the seeds and germination 

being the most critical in plant’s life stage is 

the most affected one. However, low salt 

concentration was unable to show significant 

variation in germination and hence points 

towards synergistic effect in growth and 

development of plants from seed germination 

stage itself.  
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