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Abstract: Alfalfa is widely used as cattle food and as ornamental plant, it is also known to be 
a bio-accumulator and extremely resistant to heavy metal stress; however there has been a 
little information about the physiological and biochemical aspects involved in its germination 
once submitted to Cadmium stress. The aim of this study was to investigate the methods of 
improving stress resistance and ability of alfalfa seedlings germinated under Cadmium (Cd) 
stress by applying exogenous Sodium Nitroprusside (SNP) as Nitric oxide donor. 
Physiological indexes of alfalfa seeds treated by SNP under Cd stress like germination 
percentage, germination index, shoot length and root length were measured. Mobilization of 
carbohydrate reserves have been assessed through quantification of soluble proteins, soluble 
starch, as well as activity of α and β-amylases. Germination parameters of alfalfa seeds 
treated under 30µmol Cd stress underwent a drastic inhibition. After treatment with different 
concentrations of SNP every germination indexes were all increased and the seeds that were 
treated with Cd+200µmol SNP had the most significantly increase (p≤0.05) in every 
germination parameter as well as carbohydrate mobilization. SNP 200µmol/L could 
significantly alleviate damages to seeds and seedlings of alfalfa under Cd 30µmol/L stress 
and promote Cd-resistance of seeds and seedlings during germination. 
Keywords: Alfalfa, Germination, Nitric Oxide, Carbohydrate mobilization, Cadmium stress. 
Abbreviations: SNP (Sodium Nitroprusside); Cd (cadmium); NO (Nitric oxide); ANOVA 
(Analysis of variance); Ck (Control). 
 
 
Introduction 

Seed germination and seedling growth are the most important phases in lifecycle of Kingdom 

Plantae. Germination is the strongest period and the basis of life activity in all life periods of 

plant formation where the metabolism of fats, proteins and carbohydrates provide substance 

and energy to seedlings growth [1].  

Seeds as well as seedlings are extremely vulnerable to both biotic and abiotic stresses. 

Among these environment stresses Cadmium (Cd) has been reported to impair morphological 

and physiological changes in plant [2]. Germinating seedlings exposed to Cd stress causes the 

disorder in carbohydrate mobilization [3]. Cd in germinating seedlings has been reported to 
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delay the germination, induce membrane damage, impair food reserve mobilization and 

enhance electrical conductivity [4, 5]. Germinating seedlings exposed to Cd stress showed a 

deleterious effect on root and shoot growth as well as on germination energy [6]. 

Nitric Oxide (NO) is a gaseous, small, reactive molecule that readily diffuses the cell and 

interacts with different cellular compounds [7]. NO is an important endogenous plant 

bioactive signaling molecule having a key function in various processes of plant growth and 

development including seed dormancy, seed germination , primary and lateral root growth, 

floral transition, flowering, stomatal movement, photosynthesis, mitochondrial functionality, 

senescence, plant metabolism and cell death as well as stress response [8]. Sodium 

Nitroprusside (SNP) as NO donor regulates the growth of germinating mug submitted to 

Arsenic stress by improving plasma membrane integrity, reducing arsenic uptake and 

improving activity of some hydrolytic enzymes [9]. At low concentrations, NO alleviates 

toxicity effects of Cd by increasing macro and micro nutrients, decreasing root-to- shoot 

translocation of Cd and by protecting the plant from oxidative stress. But at higher 

concentration of NO there is no significant effect [10]. 

Applying plants such as METICAGO SATIVA L. (Alfalfa) has been recently seen as one of 

environmental friendly technique for heavy metal rehabilitation [11, 12]. Alfalfa has been 

reported to be extremely resistant to contaminants as well as bio-accumulator[13, 14], the 

role of exogenous NO on alleviating heavy metal toxicity has been elucidated in recent 

studies, however the influence of exogenous NO on germination of alfalfa seedlings under Cd 

stress has not been understood yet.  

In this study we provided the evidences that exogenous NO could significantly influence 

MEDICAGO SATIVA L (Alfalfa) seed germination under Cd stress. Also, preliminary 

mechanisms were investigated. 

Materials and Methods 

Plant materials and growth conditions 

Alfalfa seeds were surface sterilized with 2% Sodium Hypochlorite for 5 minutes, and then 

thoroughly rinsed with distilled water. Seeds were germinated in 10-cm petri dishes on sheets 

of filter papers and moistened according to the following experimental design [Control, with 

only distilled water], [30µmol Cd, indicated by Cd], [Cd+25µmol SNP], [Cd+50µmol SNP], 

[Cd+100µmol SNP], [Cd+200µmol SNP], [Cd+300µmol SNP], [Cd+400µmol SNP], 

[Cd+500µmol SNP]. Treatments were replicated 3 times and the nutrients were renewed 

every day. The germination was carried out at 30oC with 16 hours light and 8 hours dark [15], 
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and every 24 hours the germinated seeds in petri dishes were removed from incubator for 

various analyses. Non-germinated or unevenly germinated seeds were discarded.30µmol Cd 

was taken after pre-experiments where at this concentration, germinated seeds were at least 

half compared with seeds in control. 

Germination parameters 

Germination percentage (GP) was defined as the number of germinated seeds divided by the 

total number of sown seeds multiplied by one hundred percent [16].GP= 
���������	 ���	� � ��

����� ������ �� ���	�
% 

Seedling Vigor index (SVI) was determined as seedling length multiplied by germination 

percentage [17]. ��� = �������� �����ℎ ! "#.  

Germination Index (G.I) was calculated by using the formula proposed by Gupta [18]. G.I is 

obtained by dividing the number of seedlings emerging on day divided by day after plant.  

G.I= ∑ "�/∆��
�'  

Determination of α-amylase and β-amylase 

Amylase activity was analyzed according to Xiangnan Li [19]. In brief, 1 g of germinating 

seeds was macerated in 10 ml ice-cold distilled water at 4oC in a pre-chilled mortal. The 

extract was ten centrifuged at 15,009rmp for 30 min at 4oC.The supernatant was collected to 

estimate α and β-amylase activities. 

Activity of α-amylase was assayed after inactivating β-amylase activity at high temperature. 

In brief, 5ml of enzyme extract was mixed with 3ml of 3mM CaCl2 and incubated at 70oC for 

5 min. Then, 2 ml reaction mixture containing 0.1g mM citrate buffer (pH=5), 2% soluble 

starch solution and 0.7 ml hot enzyme extract was incubated at 30oC for 5 min and the 

reaction was stopped by adding 2m of color reagent. The mixture was heated at 50oC for 5 

min and the final volume was made up to 10 ml with distilled water. The activity was 

determined by using spectrophotometer at 540nm. (Color reagent was obtained by dissolving 

1 g 3,5-dinitrosalicylic acid in 20 ml of 2M NaOH and 30 g Potassium Sodium tartrate , and 

then the volume was adjusted to 100 ml with distilled water).  

Activity of β-amylase was estimated after inactivating α-amylase at low pH of 3.4 with 0.1 M 

EDTA. 2ml reaction solution contained 0.1mM citrate buffer (pH= 3.4), 2% soluble starch 

and 0.7 ml EDTA treated enzyme extract. The mixture was incubated for 5 min at 30oC. To 

stop the reaction, 2ml of color reagent were added and activity of β-amylase was then assayed 

following the same method of α-amylase activity analysis described above. 
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Determination of Starch content and soluble proteins 

Starch content was assayed by using anthrone reagent as described by Pavan in 2013 with 

some modifications[20]. Briefly 50 mg of seedling powder were homogenized in 5ml 80% 

ethanol then centrifuged at 4000rpm for 20 min. The supernatant was removed for other 

treatments. The residues were re-extracted in the same way as before. The residues left were 

suspended with 5ml distilled water and 6.5ml 52%cold perchloric acid (4oC) for 12 hours. 

After, they were centrifuged at 7000rpm for 20 min at 4oC. The supernatant was collected in 

10ml volumetric flask. Extraction was repeated with 2.5ml of distilled water and 6.5ml of 52% 

cold perchloric acid at 4oC and centrifuged as above. Both supernatants were combined and 

the final volume was made up to 100 ml. To 0.5 ml of aliquot 10ml of anthrone reagent was 

added to each test tube, allowing the reagents to run down the side of the test tube. Mixed 

well and placed in boiling water bath for exactly 8min after which it was cooled to room 

temperature with ice water. The absorbance was measured spectrophotometrically at 630nm. 

The amount of starch was calculated using a standard curve prepared from glucose. Soluble 

proteins were assayed after Bradford method [21]. 

Data analysis 

All the data presented here are the mean values of three independent experiments with three 

replicates. Statistical analyses were performed by analysis of variance (ANOVA) and means 

are compared by Duncan’s multiple range test (p≤0.05) using Microsoft excel. 

Hypocotyl length, Root length and Germination percentage 

Compared with control, the data presented in table 2 indicate that for Cd treated seedlings 

there is a significant decrease (p≤0.05) in root length, hypocotyl length. After treatment with 

different concentrations of SNP, the increase in root and hypocotyl length was dose-

dependent where the optimum increase was observed at seedlings treated with Cd+200µmol 

SNP. In these conditions, roots and hypocotyls increased at 52.44% and 62.8%respectively. 

For the concentrations above optimum, there was a non-significant decrease (p≤0.05). 

Germinated seedlings treated with only Cd had significantly inhibitory effect in germination 

percentage (p≤0.05) with 24.09% inhibitory effect compared with seedlings in the control. 

Application of SNP improved significantly (p≤0.05) seed germination in dose-dependent 

manner, where the highest germination percentage was increased to 17.07% for seedlings 

treated with Cd+200µmol SNP compared with the one treated with only cd. The 

concentrations above 200µmol SNP showed a non-significant decrease in germination 

percentage (p≤0.05). 
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  Root length (mm) Hypocotyl length (mm) 

  Day 10 Day 10 

Ck 68.00*±2.00 26.00*±1.73 

30µmol Cd 5.66±0.57 10.66±1.15 

Cd+25 µmol SNP 15.33*±1.52 12.33±0.57 

Cd+50 µmol SNP 16.00*±4.00 13.66±1.52 

Cd+100 µmol SNP 31.66*±1.52 13.66±1.52 

Cd+200 µmol SNP 35.66*a±0.57 18.00*a±1.00 

Cd+300 µmol SNP 32.33*±1.54 13.66±1.52 

Cd+400 µmol SNP 29.33*±2.08 13.33±1.52 

Cd+500 µmol SNP 28.66*±1.54 13.00±1.73 

Effect of NO on root and shoot length (mm); Data are means ± SD (n=3), and post-test 

analysis are done by Duncan’s multiple range test (P≤0.05) using Microsoft Excel. 

*indicate that there is a statistical significant difference compared with seedlings treated 
with only Cd, a means there is no statistical significance compared with Ck. 
Seedling Vigor Index (SVI) 

 

In comparison with seedlings germinated in control (Ck), there was a significant decrease (p 

≤0.05) of seedling vigor index for seedlings treated with Cd; we observed the reduction of 

86.4%. Application of different concentrations of SNP the seedlings showed a dose-

dependent significant increase in SVI. The optimal value was recorded at seedlings treated 

with 200µmol SNP with increment of 38.8% compared to seedlings treated with only Cd. For 

the concentrations above 200µmol SNP there was a non-significant decrease in SVI (p≤0.05). 

Germination Index 

In Cd+ SNP treated seedlings, the results revealed that there was a linear and positive 

correlation between germinated seedlings and germination period. Germination Index 

increased with increasing concentration of SNP up to 200µmol where we observed a non-

significant decrease at (p≤0.05). 

  G.P SVI G.I 

  
Day 10 Day 10 

Count days : 
1,2,3,4 

Ck 92.22±6.93 2602.00*±222.99 43.30*±3.25 

30µmol Cd 70.00±11.54 342.33±50.83 25.44±3.84 

Cd+25 µmol SNP 74.44±5.09 617.00*±46.89 29.22±3.13 

Cd+50 µmol SNP 80.00*±0.00 712.00*±113.41 31.72*±4.76 
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Cd+100 µmol SNP 82.22*±3.84 1117.33*±53.26 33.00*±3.46 

Cd+200 µmol SNP 86.66*a±3.33 1352.00*±68.03 39.11*a±4.45 

Cd+300 µmol SNP 82.22*±3.84 1136.00*±108.22 36.72*±2.43 

Cd+400 µmol SNP 80.66*±0.00 1027.33*±153.14 35.88*±2.47 

Cd+500 µmol SNP 78.88*±5.09 988.33*±124.93 34.52*±1.50 

Effect of Nitric Oxide on Germination Percentage (G.P), Seedling Vigor Index (SVI) and 

Germination Index (G.I). Data are means ± SD (n=3); and post-test analysis are done by 

Duncan’s multiple range test (P≤0.05) using Microsoft Excel; *indicate that there is a 

statistical significant difference compared with seedlings treated with only Cd, the letter "a" 

means there is no statistical significance compared with Ck.. 

 

 

Figure1. Effect of different concentrations of SNP on germination and seedling growth of 
alfalfa under 30µmol Cd stress (10 days seedlings). 

 

Soluble proteins content 

The mobilization of soluble proteins gets the maximum value on the 2nd day after imbibition 

for all treatments, but however declines during the following days. Again for seedlings 

treated with Cd alone, soluble proteins were significantly less mobilized (p≤0.05) whereas for 

those treated with Cd+ different concentrations of SNP the mobilization of soluble proteins 

was in dose-dependent manner. As compared with Ck, the mobilization of proteins in 

seedlings treated with Cd alone declined 46.08% and it went increasingly in seedlings treated 

with Cd+ SNP. The optimum mobilization was observed on 2nd day in seedlings treated with 

Cd+200µmolSNP at 86.93% as compared with Ck.  
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Fig.2. Effect of Nitric Oxide on soluble proteins; data are means ± SD (n=3); and post-test 
analysis were done by Duncan’s multiple range test (p≤0.05) using Microsoft Excel. 

 

Content of starch soluble 

Generally there was no significant difference (p≤0.05) in mobilization rates of starch during 

germination and seedling growth for all treatments. The highest mobilization was observed 

on 2nd day after imbibition except for all treated seedlings, the least mobilization was 

observed in seedlings treated with only Cd. Seedlings treated with only Cd declined 13.6% on 

the first day and 14.33% on the second daycompared with seedlings in Ck. Application of 

SNP increased starch soluble in dose-dependent manner where the optimum values were 

obtained among seedlings treated with Cd+200µmol SNP. At this concentration we observed 

11.55% and 13.92% increment as compared with seedlings treated only with Cd. 

 

Fig.3. Effect of Nitric Oxide on the content of starch soluble; data are means ± SD (n=3); and 
post-test analysis were done by Duncan’s multiple range test (p≤0.05) using Microsoft Excel. 
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Amylase activity 

Amylase activity is shown in figures 4 and 5. For seedlings treated with only Cd, amylase 

activities were lower than all other treatments and the significant difference (p≤0.05) was 

observed on the 4th day of treatment. Generally for α-amylases, their activities were 

continuously increasing up to the 4th day after which a slight decrease on 5th day of treatment 

was observed. For β-amylases, we observed increment and decline during days of treatments. 

On the 2nd day there was an increase in all treatments but the activity in seedlings treated with 

only cd declined by 26.07% as compared with Ck. On this 2ndday, seedlings treated with Cd+ 

SNP had no significant effect on β-amylase activity compared with seedlings treated with 

only Cd. On 4th day of treatment, both α and β-amylase activities increased. The highest 

activity was observed in seedlings treated with Cd+200µmol SNP where they were 15.32% 

for α-amylase and 20.66% for β-amylase greater than seedlings in Ck. 

 

Fig.4. Effect of Nitric Oxide on α-amylase activity. Data are means ± SD (n=3); post-test 

analysis are done by Duncan’s multiple range test (p≤0.05) using Microsoft Excel. 
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Fig.5. Effect of Nitric Oxide on β-amylase activity. Data are means ± SD (n=3); post-test 
analysis are done by Duncan’s multiple range test (p≤0.05) using Microsoft Excel. 

 

Discussion 

Effect of exogenous NO on germination percentage, germination Index, seedling vigor, 

and root &shoot length of alfalfa seedling under Cd stress 

Germination and early seedling development are more likely to be adversely affected by 

heavy metals. 

 In the present investigation, Cadmium treatment decreased significantly the process of seed 

germination, seedling growth, germination index and seedling vigor index. The decrease in 

germination parameters can be attributed to the accelerated breakdown of stored food 

materials in seeds and to the selection permeability properties of cell membrane [22]. During 

our experiments, a decrease of seed germination, seedling growth, seedling vigor index and 

germination index due to Cd treatment was in conformity with previous findings. [23], [24], 

[25]. 

However the detoxifying effect of exogenous NO has been observed after seedlings under 

30µmol Cd stress were subjected to various concentrations of SNP. A dose-dependent 

application of SNP as a NO donor alleviated the inhibitory effects caused by Cd stress. The 

optimal concentration of SNP was observed at 200µmol/l. This was described as ability of 

exogenous NO to counteract the inhibitory effect in germination index, vigor index, shoot 

length and hypocotyl length caused by Cd stress. (Figure 1, Table 1&2). This was in the 

conformity with previous researches on the role of exogenous NO as a signal molecule and 

its ability to counteract the inhibitory effect of abiotic stress in plant [26]. NO attenuated the 
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inhibition effect of germination and seedling growth of rice (Oryza sativa .L) submitted to Cd 

stress [27], in sesame seedlings (Sesamumindicum L), NO increased germination percentage, 

vigor index and the growth of seedlings submitted to Cd stress [28]. Similar roles of SNP, a 

NO donor have been elucidated in reduced metal uptake and membrane injury upon 

application of SNP in Cd stressed rice seedlings [29], in germination and antioxidase 

activities of Perillafrutencens seedlings under NaCl stress[30], and on germination of Senna 

macranthera seeds under salt stress [31]. 

Effect of Exogenous NO on mobilization of soluble starch, soluble proteins and amylase 

activity in alfalfa seedlings under Cd stress 

Germination process is characterized by reserves mobilization such as carbohydrates and 

proteins by hydrolytic enzymes where the newly formed products are used in formation of 

new structures [32].  

These reserve materials are made available by hydrolytic enzymes to deliver fuel for 

respiration and various anabolic reactions in the form of anabolites [33]. Enzymes 

accountable for starch and proteins breakdown and mobilization of these reserves materials 

are α and β-amylases [34].  

It has been reported that Cd causes a restriction in reserve mobilization [5]. This is in 

accordance with our study where the average total α and β-amylase activities were 

significantly depressed by only Cd 30µmol/L. In these conditions, the quantities of soluble 

proteins and starch also have reduced drastically after the 2nd day of treatment. This is the 

major factor in the depression of seed germination. 

However, our study revealed that application of exogenous NO had a strong stimulating 

effect on germination of alfalfa seedlings under 30µmol Cd stress [Fig 1]. Activity of 

amylases, soluble proteins and starch were highly significant as compared with the one in 

seedlings treated with only Cd. Our findings were compatible with recent studies made on 

impact of exogenous NO on activity of amylases in germinating pea seeds submitted to Cd 

stress [35]. After application of exogenous NO, activity of both α and β-amylases were 

significantly enhanced [Fig 4&5]; on the 2nd day of treatment, the content of both soluble 

starch and proteins were higher than the one found in seedlings treated with only Cd. This 

benefited and ameliorated the germination of alfalfa seedlings despite being submitted to Cd 

stress. 
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Conclusion 

In a nutshell, the detoxifying effect of exogenous NO on germination of alfalfa seedlings 

submitted to Cd 30µmol/L stress. The study revealed that SNP at200µmol/L germination 

conditions were significantly ameliorated, α-amylase and β-amylase activities were enhanced 

and carbohydrates were moderately degraded. Further researches are recommended to 

elucidate genetic and proteomic analyses and additional physiological approaches to 

understand the details of exogenous nitric Oxide in metabolic functions in plant. This will 

provide further understanding on this multifaceted compound once applied to different 

species of plants submitted to abiotic stresses. 
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