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ABSTRACT 
Trifolium alexandrinum L. is an important forage plant associated with high nutritive values. Owing to its tremendous 
potentials as forgae crop Trifolium has been widely used for feeding cattle worldwide. Seed germination is associated 
with combating critical factors which are detrimental for survival. Abiotic stresses are the prime hurdle in optimum 
germination of seeds and can harm the overall productivity. The current study has attempted to evaluate T. 
alexandrinum cultivars viz. BB1 BB2 BB3 when exposed to manganese chloride stress. The MnCl2 concentration was 
chosen as 25 mM MnCl2, 50 mM MnCl2, 75 mM MnCl2, 100 mM MnCl2, and 150 mM MnCl2. The observation pointed out 
that the lower concentration of salt exposure viz. 25 mM MnCl2 and 50 mM MnCl2 didn’t produced significant effect but 
the progressive increase in concentration of the salt exposure drastically decreased the overall germination rate and 
Timson’s index.  
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INTRODUCTION 
Abiotic stress not only decreases the overall plant growth but also cause drastic loss in crop productivity 
by affecting irrigated land worldwide [1]. Plants acclimatize and cope with the ever changing 
environmental stress by carrying out modification in catabolic and anabolic processes [2, 3]. Salinity 
stress led to changes in osmotic behavior of plants and the survival of plants becomes a taunting task [4, 
5, 6].   
Salinity not only affects productivity but has also been reported to play roles in vernalization of plants, 
long root formation, osmotic balance maintenance etc. which are sometimes required for development of 
adaptability by the plant in extreme environmental conditions [7, 8]. However, the extent of exposure to 
salinity determines the effect on the plant and its subsequent survival [9, 10]. The different plant stages 
do not behave similarly on exposure to salt stress and the associated catabolic/anabolic process 
experience fluctuations from the optimum one [11, 12]. The size, shape and properties of roots are 
considered an important connector between the plant and soil which helps in absorption of nutrients 
from the soil in order to help the plant proliferate and grow profusely but the salt concentration in water 
available for usage by plant increase the ionic concentration and may move the plant for early senescence 
[13, 14].  
Seed germination is a sequential process which starts when dormancy gets breaked by exposure to saline 
environment in potentially low concentration [15, 16]. The rate at which seeds can imbibe water can 
never be regarded as general process, however some idea about the quality of seeds can be observed if 
seeds are germinated under controlled conditions [17]. Trifolium also known as Berseem ia a member of 
Fabaceae family and is grown widely in the temperate belt of the world [18]. Despite having some 
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adaptability in wider ecological extremes the plant is an excellent example of forgae chosen for cattles 
[19, 20, 21, 22].  
Triifolium is also known to find its suitable application not only in different ecological extremes but also 
to much semi-arid area experiencing temperature fluctuations [23]. Trifolium alexandrinum L. is not only 
a good forage but the main concept for its wide applicability belongs to its attributes related to richness of 
minerals, easy digestibility and easy storage. Trifolium thrives well in saline areas and its study can help 
in determining the range of salts in which potential growth of Berseem can be achieved. The studies 
related to seed germination of Trifolium are only few in literature and considering this, the study was 
executed for assessing the Bundel Berseem cultivars namely BB-1, BB-2 and BB-3 for probable 
agricultural expansion in saline and semi-arid conditions.  
 
MATERIAL AND METHODS 
Observance of viability in collected seeds 
BB-1, BB-2 and BB-3 were collected from IGFRI, Jhansi, India. The seeds after collection was germinate 
under controlled conditions for checking viability of seeds. Three hundred (300) seeds each from BB-1, 
BB-2 and BB-3 were germinated by using wet blotting-paper and then kept on glass petridishes after 
making the seeds moist.  
Germination of seeds on salt exposure  
Thirty (30) seeds each of BB-1, BB-2 and BB-3 were germinated by exposing them to MnCl2  with 25 mM 
MnCl2, 50mM MnCl2, 75mM MnCl2, 100mM MnCl2, and 150 mM MnCl2 by following standard methods 
cited in literature [24, 25]. Seeds germinations was carried out in Culture room facility following standard 
conditions of 25±1 °C, 1000 lux and 16/8 h day-night photoperiod and after every 24 hours the 
emergence of putative root (radicle), shoot (plumule) and cotyledonary leaves were observed. 
Statistical analysis and percentage rate determination  
Seed germination (G %) percentage was calculated by the usage of formula ((number of germinated seeds 
x 100)/ (The total experimental seeds)). Timson’s index (TI) was calculated by the formula Timson’s 
index of germination velocity=∑G/t; G = Seed percentage germination per day interval; t= germination 
period [16]. ANOVA was carried out as statistical validation method by using CropStat version 7.2.3, IRRI, 
Philippines. 
 
RESULTS AND DISCUSSION 
Verification of viability 
The seed germination under controlled conditions exhibited germination percentage of above 96 % for 
BB-1, BB-2 and BB-3.  
Manganese chloride (MnCl2) stress on emergence of radicle  
The germination percentages was found similar for controlled set was found high and similar BB-1, BB-2 
and BB-3for in the range close to 95 %  and the TI ranged from 80.2-81.6. The radicle appeared almost at 
same potential in 25 mM MnCl2 and 50 mM MnCl2 for BB-1, BB-2, and BB-3 upon salt exposure. When the 
salt concentration gradually increased steep decrease in germination and TI were observed. The highest 
G% of 95.2% was observed for 25 mM MnCl2 of BB-2 and control of BB-1, and the lowest one was 
observed as 49.2 for 150 mM MnCl2 salt in BB-3. The highest TI was observed as 78.1 for 50 mM MnCl2 
also the lowest one was found 32.3 for 150 mM MnCl2 (Table 1). 
Manganese chloride (MnCl2) stress on emergence of plumule  
The experimental control set was found to show G% in the comparable range of 83.6-89.0 and the TI was 
observed between 53.2-57.4.  The lesser salt stress exposure of At lower salt stress exposure of 25 mM 
MnCl2  and 50 mM MnCl2, the germination percentage and Timson’s index for all the tried combinations 
were comparable like the previous section.  As the concentration increased to 75 mM MnCl2 salt stress, 
the effect of stress started to show on the result and thus the lowest G% and TI were observed as 56.9 and 
31.3 for 150 mM MnCl2 for BB-1 (Table 1).  
Manganese chloride (MnCl2) stress on emergence of cotyledonary leaf  
More the numbers of plumule, more the number of cotyledonary leaves and vice versa. The G% was found 
in the range of 23.2-46.5 and the TI was found in the range of 5.5-24.4. The lesser observance of 
germination percentage and Timson index was obvious because the reduced number of plumule caused 
lesser leaves. The highest G% was found in 50 mM MnCl2 for BB-2 and the lowest was found in 150 mM 
MnCl2 for BB-2. Similarly, the highest TI was found in 50 mM MnCl2 for BB-2 and the lowest was found in 
150 mM MnCl2 for BB-3 (Table 1). 
Seed germination indirectly determines the overall productivity of the crops. The plants when are 
exposed to environmental stresses viz. temperature extremes, salinity, heavy metal etc., then it leads to 
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the lesser development in the plant vegetative and reproductive phases [26, 27, 28]. Salinity decrease 
productivity and compromises the growth of plants in every aspect [29, 30]. The imbibitions potential of 
the seeds are sole determinant of probability for breaking the dormancy of seeds and this decreases 
clearly in presence of un-favourable conditions. In our study it was clearly visible that the seed 
germination behaviors of the chosen cultivars were distinct from one another and the complexity was 
observable towards the higher exposure of salts.  Only a few reports are traceable on World Wide Web for 
seed germination stress related experiments on Trifolium and thus, the idea becomes important for future 
studies. The G% observed in control used in our study for the cultivars were found to be quite similar and 
can be considered as an ideal one [31]. Nearly, 50 % seeds were able to germinate in all the sets without 
any problems upto the exposure of about fifty percent seeds germinated without difficulty upto 75 mM 
MnCl2 stress which suffice that MnCl2 has got only a little moderate type of effect in seed germination 
behavior of Trifolium. However, the result is in concurrence with the many previous studies carried out 
on different species or genotypes of different plants [32, 33]. As the MnCl2 concentration periodically was 
increased in the experimental sets, the toxicity started to increase and the germination was 
delayed/hampered. Almost similar findings has been cited by many workers for toxicity influx due to 
imbibitions of salt in many species [24, 34]. The study has established that higher exposure of salt 
increases toxicity and determines the suitability of plants for nay prevailing environmental condition. 
However, the toxicity basically disturbs the anabolic and catabolic processes involved for optimum 
growth of plants and development [35]. The highest concentration in this study resulted in very few leaf 
opening which might has happened due to accumulation of toxicity inside the various channels of 
transport in plants and has led to the compromised state by virtue of which the seeds failed to germinate 
completely [22, 34]. Our study is amongst one of the first to target the growth potentials of Trifolium at 
seed germination level.  

 

 
Figure 1: The code C, E1, E2, E3, E4, E5 refers to Control, 25mM MnCl2, 50 mM MnCl2,  75 mM MnCl2, 100 
mM MnCl2 and 150mM MnCl2; BB-1, BB-2, BB-3 corresponds to the respective cultivar and TI: Timson’s 

index; G%: Germination percentage of Radicle appearance. 

 
Figure 2: The code C, E1, E2, E3, E4, E5 refers to Control, 25mM MnCl2, 50 mM MnCl2,  75 mM MnCl2, 100 
mM MnCl2 and 150mM MnCl2; BB-1, BB-2, BB-3 corresponds to the respective cultivar and TI: Timson’s 

index; G%: Germination percentage of Plumule Appearance. 
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Figure 3: The code C, E1, E2, E3, E4, E5 refers to Control, 25mM MnCl2, 50 mM MnCl2,  75 mM MnCl2, 100 
mM MnCl2 and 150mM MnCl2; BB-1, BB-2, BB-3 corresponds to the respective cultivar and TI: Timson’s 

index; G%: Germination percentage of Cotyledonary Leaf Appearance. 
 

Table 1: Effects of MnCl2 concentrations on the generation of radicle, generation of plumule and 
generation of cotyledonary leaf from BB-1, BB-2 and BB-3 of T. alexandrinum L. underexposure to 

different concentration of salt stress. 
 Radicle appearance Plumule appearance Cotyledonary leaf appearance 
 G% TI G% TI G% TI 
C:BB-1 95.2a 80.2a 86.3a 53.2a 43.1a 21.4a 
C:BB-2 94.1a 81.6a 88.4a 55.2a 45.2a 21.3a 
C:BB-3 97.3a 81.2a 89.0a 57.4a 43.1a 22.9a 

E1:BB-1 95.1a 77.6a 84.5a 61.2a 45.2a 17.6a 
E1:BB-2 95.2a 73.2a 83.4a 62.5a 43.4a 21.6b 
E1-BB-3 93.3a 75.5a 87.6a 52.3b 43.8a 25.1c 
E2-BB-1 93.2a 77.9a 86.7a 61.4a 46.5a 22.6a 
E2-BB-2 89.6a 74.8a 85.3a 58.9a, b 45.2a 24.4a, c 
E2-BB-3 94.8a 78.1a 81.2a 56.2b 50.9a 17.8a 
E3-BB-1 82.2a 71.0a 87.6a 63.1a 37.8a 19.2a 
E3-BB-2 83.1a 72.5a 83.9a, c 57.8a, b 42.3a 9.5b, c 
E3-BB-3 80.3a 73.6b 76.8b 53.2c 29.6b 9.8c 
E4-BB-1 75.3a 74.9a 75.9a 52.8a 25.3a 13.4a 
E4-BB-2 73.2c 74.6a 80.9b,c 56.2b, a 26.1a 8.9b 
E4-BB-3 73.3c 77.0a 83.2b 54.9a 27.2a 12.4c 
E5-BB-1 60.4a 45.2a 56.9a 31.3a 25.3a 7.0a 
E5-BB-2 58.6b.c 52.6b 64.2b, c 42.1c 23.2a 6.9a 
E5-BB-3 49.2b 32.3c 66.3a 29.3a 25.1a 5.5a 

SE 1.9 0.7 1.7 1.1 2.8 0.4 
5%LSD 7.2 2.9 4.9 4.1 5.9 1.2 

The code C, E1, E2, E3, E4, E5 refers to Control, 25mM MnCl2, 50 mM MnCl2,  75 mM MnCl2, 100 mM MnCl2 and 150mM 
MnCl2; BB-1, BB-2, BB-3 corresponds to the respective cultivar and TI: Timson’s index; G%: Germination percentage. 
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