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Thus, we hypothesised that application of these natural 

growth enhancers and ameliorative agents can escape the 

lentil seeds from chilling stress by providing uniform 

early germination with better seedling establishment. 

Materials and Methods 

Plant Materials 

Lentil seeds cv. NIAB Masoor-2006 (93% germination) 

were procured from Nuclear Institute of Agriculture and 

Biology, Faisalabad, Pakistan. The initial moisture 

content was 13.6%. Seeds were surface sterilised in 1% 

sodium hypochlorite solution for 3 minutes and then 

rinsed with sterilised water and air-dried.  

Fresh mature A. vera and moringa leaves were obtained 

from Medicinal Plant Nursery, University of 

Agriculture, Faisalabad. Healthy sugar beet roots were 

purchased from local vegetable market. All items were 

washed thoroughly and chilled overnight before 

extraction. Extraction was done with locally assembled 

machine and extracts were sieved and stored at -20oC for 

further use.  

For experimentation, 1%, 2%, 3%, 4% and 5% diluted 

aqueous extracts of each were prepared and seeds were 

soaked in respective aerated solutions for 14 h at room 

temperature. Untreated and water soaked seeds were 

taken as control. After each treatment, seeds were rinsed 

thoroughly with distilled water and dried back closer to 

original moisture level under shade condition, sealed in 

polythene bags and stored in a refrigerator at 5°C until 

use (Lee et al., 1998).   

Germination Assays 

Primed and non-primed seeds were sown on two 

moistened layers of filter paper in an incubator (Sanyo, 

England) constantly at 25±1°C and 10±1°C for one 

week.  Twenty five seeds were placed in each Petri dish 

with five replications and considered germinated on 

radicle visibility. Germination was counted on daily 

basis. Seedlings were harvested and observations were 

taken regarding seedling growth according to ISTA 

protocols (ISTA, 2010).  

Time taken to 50% germination (T50) was calculated 

according to the following formula of Coolbear et. 

al.,1984. 

Where N is the number of final emergence count and ni, 

cumulative number of seeds emerged at adjacent days ti 

and tj when ni < (N+1)/2 < nj. 

Mean emergence time (MET) was calculated according 

to following equation of Ellis and Roberts, 1981. 





n

Dn
MET

Where n is the number of seeds germinated on day D, 

and D is the number of days calculated from the 

beginning of emergence. 

Germination index (EI) was calculated using following 

formula, Association of Official Seed Analysts (AOSA, 

1983).  

Biochemical Analyses 

For computing total soluble sugars, 1 g of ground seed 

was hydrolyzed with 2.5 N HCl for 3 h in a boiling water 
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bath. Following cooling, the liquid was neutralized with 

Na2CO3 until effervescence ended; the volume was made 

up to 100 ml with distilled water then centrifuged at 

10,000 xg for 10 min at 4oC and the supernatant was 

collected. Total soluble sugars were determined by 

method suggested by Hedge and Hofreiter (1962) and 

Thimmaiah (2004) with rapid and convenient anthrone 

reagent. In the same way, reducing sugars were measured 

by DNS method reported by Miller (1959) and 

Sadasivam and Manickam (1992) from the seed sample 

(1 g) extracted in 80% ethanol twice (5 ml each time).   

α-amylase activity was found out after extraction of lentil 

seed (2 g) in potassium phosphate buffer (pH: 7.0) while 

phenyl methyl sulfonyl fluoride (PMSF) (10 mM) was 

added as proteases inhibitor. The samples were 

centrifuged for 10 minutes at 10000 xg at 4°C and the 

supernatants were used for calculation of the α-amylase 

activity by the modified DNS method (Varavinit et al., 

2002).   

Experiments were repeated twice with five replicates. 

Data were analyzed with SPSS statistical package while 

bar graphs were computed through Micro soft excel 

computer program. 

Results 

Germination and Seedling Vigor Evaluation at 25oC 

All the priming treatments significantly improved FGP 

and GI as compare to untreated and HP seeds (Table 1). 

High FGP and GI are the signs of improved and 

synchronized germination. Maximum FGP was observed 

in 2% SRE, 3% MLE and 2% ALE followed by 2% 

MLE, 4% MLE, 5% MLE, 3% ALE, 4% ALE and 3% 

SRE whereas minimum was recorded in control and HP. 

Almost similar trend was examined in case of GI. 

Highest GI was examined in 3% MLE, 2% SRE, 2% 

ALE and 4% MEL chased by 3% SRE, 3% ALE, 2% 

MLE and 4% SRE while lowest was detected in control 

trailed by HP, 1% ALE, 1% SRE and 1% MLE. Other 

concentrations showed intermediate effect. Low T50 and 

MGT are the indices of better germination. The smallest 

T50 and MGT were observed in 3% MLE, 2% SRE, 2% 

ALE and 2% MLE proceeded by 3% ALE, 5% MLE, 3% 

SRE and 4% ALE whilst biggest value was achieved in 

control and HP followed by 5% ALE, 1% ALE, 1% MLE 

and 5% SRE.   

Increased shoot length was recorded in 2% SRE, 3% 

MLE, 3% SRE, and 4% SRE pursued by 5% ALE, 3% 

ALE, and 1% ALE while decreased was observed in 

control and HP. Maximum root length was linked with 

3% MLE, 2% ALE, 1% ALE, 2% SRE, 3% ALE and HP 

chased by 5% ALE, 3% SRE, 4% SRE whereas 

minimum was attached with control. Highest seedling 

fresh and dry weights were attributed with 2%, SRE, 3% 

SRE, 1% SRE, 3% MLE, 2% ALE, and 1% ALE ensue 

by 5% SRE, 4% ALE and HP where lowest was found in 

control. Elevated root and shoot ratio was inspected in 

2% ALE, HP, 4% ALE, and control as well. Remaining 

treatments gave mixed response to ratio of root and 

shoot.   

Germination and Seedling Vigor Evaluation at 10oC 

Seed priming with natural growth promoters resulted in 

improved germination and seedling vigor even at low  
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Table 1. Effect of seed priming treatments on germination potential and seedling growth of lentil under optimum conditions (250C) 

Means showing different letters are significantly different at 5% probability level. HP= Hydropriming, ALE= A. vera leaf extract, MLE= M. olifera leaf extract, SRE= Sugar 

beet root extract, FGP= Final germination percentage, T50= Time to 50% germination, GI= Germination index, MGT= Mean germination time, SLFW= Seedling fresh weight, 

SLDW= Seedling dry weight 

Priming FGP (%) T50 (days) G.I. MGT (days) Shoot L. (cm) Root L.(cm) SLFW (mg) SLDW (mg) 
Root:Sho

ot 

Control 76.85 h 2.29 a 31.64 g 3.52 a 5.69 ef 6.32 bcd 73.12 e 5.66  bcd 1.11 ab 

HP 82.13 gh 2.14 ab 37.43 fg 3.37 ab 6.15  b-f 7.17 a-d 81.63 de 6.36  bcd 1.16 ab 

ALE 1% 87.67 fg 2.07 abc 43.75 ef 3.09 a-d 6.37 b-f 7.49 abc 90.45 cd 6.43  bcd 1.01 abc 

ALE 2% 96.38 abc 1.59 gh 59.44 abc 2.84 cd 6.35 b-f 8.15 ab 97.39 bc 6.55  bcd 1.28 a 

ALE 3% 92.93 a-f 1.68 e-h 54.31 cd 2.89 bcd 6.77 b-f 7.17 a-d 92.27  cd 6.48  bcd 1.05 abc 

ALE 4% 88.00 efg 1.83 c-g 51.84 cde 2.96 bcd 5.94 c-f 6.74  a-d 86.04 cde 5.61  bcd 1.13 ab 

ALE 5% 91.25 b-f 2.09 abc 48.56 de 3.11 abc 7.25 a-e 6.95  a-d 78.36 de 5.34 cd 0.95 bc 

MLE 1% 91.65 b-f 1.97 bcd 46.89 de 3.02 a-d 5.02  f 5.36 d 79.33 de 6.48  bcd 1.06 abc 

MLE 2% 94.15 a-d 1.66 fgh 52.71 cde 2.74 cd 5.91  c-f 5.77 cd 90.61  cd 6.36  bcd 0.97 bc 

MLE 3% 97.25 ab 1.48 h 67.38 a 2.58 d 7.90 ab 8.43 a 97.46 bc 6.58 bcd 1.06 abc 

MLE 4% 94.00 a-e 1.61 gh 55.12 bcd 2.87 bcd 6.32  b-f 6.52  a-d 79.06 de 5.29 cd 1.03 abc 

MLE 5% 93.45 a-f 1.73 d-h 50.39 cde 3.11 abc 5.86 def 6.35 bcd 72.32 e 5.17 d 1.08 abc 

SRE 1% 90.45 c-f 1.89 b-f 44.14 ef 2.84 cd 7.05 b-e 6.59  a-d 108.35 b 8.58 ab 0.79 c 

SRE 2% 97.85 a 1.52 h 63.74 ab 2.61 cd 8.91 a 7.18  a-d 123.70 a 9.69 a 0.81 c 

SRE 3% 91.00 c-f 1.73 d-h 54.82 bcd 2.90 bcd 7.73 abc 6.89  a-d 109.52 b 8.54 ab 0.89 bc 

SRE 4% 87.55 fg 1.89 b-f 51.76 cde 2.92 bcd 7.65 a-d 6.70  a-d 106.81 b 8.28 abc 1.00 abc 

SRE 5% 89.75 def 1.94 b-e 49.28 de 3.04 a-d 7.52 a-e 6.73  a-d 89.11 cd 5.12 d 0.92 bc 

LSD 6.07 0.26 9.24 0.51 1.84 2.01 14.01 3.04 0.29 
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Table 2. Effect of seed priming treatments on germination potential and seedling growth of lentil under cool conditions (100C) 

Means showing different letters are significantly different at 5% probability level. HP= Hydropriming, ALE= A. vera leaf extract, MLE= M. olifera leaf extract, SRE= Sugar beet 

root extract, FGP= Final germination percentage. T50= Time to 50% germination, GI= Germination index, MGT= Mean germination time, SLFW= Seedling fresh weight, SLDW= 

Seedling dry weight 

Priming FGP (%) T50 (days) G.I. MGT (days) Shoot L. (cm) Root L.(cm) SLFW (mg) SLDW (mg) Root:Shoot 

Control 73.25 h 3.35 a 22.57 g 4.61 2.59 g 3.37 d 112.65 ef 8.08 b 1.25 abc 

HP 78.50 gh 3.17 ab 28.26 fg 4.48 3.75 fg 4.82 cd 113.94 def 9.15 ab 1.29 ab 

ALE 1% 84.25 c-g 2.94 bc 35.64 ef 4.17 4.65 def 5.13 bc 133.05  a-d 10.13  ab 1.12  abc 

ALE 2% 93.60 ab 2.39 def 61.34 ab 3.76 4.82 c-f 6.32  abc 145.25 a 11.52  ab 1.17 abc 

ALE 3% 90.00 a-d 2.65  c-f 50.48 cd 3.96 6.02  a-d 6.51  ab 116.31 c-f 11.34  ab 1.08  bc 

ALE 4% 86.50 b-f 2.77 bcd 40.87  de 4.08 6.45 a 6.75  ab 136.63 ab 10.13  ab 1.02  bc 

ALE 5% 80.25 fgh 2.83  bc 36.89 ef 4.26 6.37 a 5.85  abc 130.24  a-e 11.21  ab 0.93 c 

MLE 1% 87.45 b-f 2.78 bcd 47.71 cd 3.94 4.42 ef 6.15  abc 114.81 def 8.71  ab 1.42 a 

MLE 2% 91.25 abc 2.59  c-f 56.48 bc 3.87 5.63 a-e 5.96  abc 105.65 f 8.88  ab 1.07  bc 

MLE 3% 96.85 a 2.33 ef 69.82 a 3.63 6.32 ab 6.37 abc 108.97 f 12.14 a 1.11  abc 

MLE 4% 93.55 ab 2.41 def 45.68 de 3.79 5.92  a-d 6.05  abc 133.36 a-d 9.69  ab 0.97  bc 

MLE 5% 91.75 abc 2.67 c-f 41.07  de 4.08 6.08 a-d 5.77  abc 120.24  b-f 10.72  ab 0.94 c 

SRE 1% 83.25 d-g 2.86  bc 47.71 cd 4.23 5.22 a-f 5.57  abc 124.21  b-f 9.13  ab 1.06  bc 

SRE 2% 94.25 ab 2.29 f 69.82 a 3.68 6.21 abc 6.92 a 135.35 abc 11.27  ab 1.15  abc 

SRE 3% 89.75 a-e 2.71 cde 56.42 bc 3.77 6.02  a-d 6.15  abc 123.65  b-f 10.74  ab 1.09 bc 

SRE 4% 82.00 efg 2.65  c-f 45.68 de 3.96 6.03  a-d 6.77 ab 131.82 a-e 9.07  ab 1.13  abc 

SRE 5% 86.75 b-f 2.91  bc 41.07  de 4.17 4.87 b-f 5.75  abc 124.15 b-f 10.66  ab 1.18 abc 

LSD 7.93 0.41 10.10 N.S. 1.48 1.68 19.68 3.49 0.32 
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Fig. 1. Effect of A. vera leaf extract (ALE) priming 

treatments on biochemical attributes of lentil during 

germination assay. Where, C= Control and HP= 

Hydropriming.  

temperature. Maximum FGP was recorded in 3% MLE, 

2% SRE, 2% ALE, 4% MLE and 5% MLE followed by 

3% ALE, 3% SRE and 1% MLE while minimum was 

observed in control and HP. Other treatments resulted in 

mixed response. Lower values of T50 were attached with 

3% MLE, 2% SRE, 2% ALE, 4% MLE and 2% MLE 

followed by 3% ALE, 4% SRE, 5% MLE and 3% SRE 

whilst higher were linked with control and HP. Elevated 

GI was examined in 3% MLE, 2% SRE, 2% ALE and 

2% MLE trailed by 3% SRE, 3% ALE, 1% SRE and 4% 

MLE whereas minimum was found in control and HP. 

Minimum MGT was inspected  in 3% MLE, 2% SRE, 

2% ALE, 3% SRE and 4% MLE followed by  2% MLE, 

1% MLE, 3% ALE and 4% SRE where maximum was 

investigated in control and HP. Leftover treatments 

showed midway response.  

Seedling vigor was also significantly enhanced at cool 

conditions. Highest shoot and root lengths were found in 

4% ALE, 5% ALE, 3% MLE, 2% SRE, and 4% SRE 

chased by 3% ALE, 3% SRE, 4% MLE, 2% MLE and 

1% SRE where lowest was achieved in control and HP. 

Maximum seedling fresh and dry weight was observed 

in 2% ALE, 4% ALE, 1% ALE, 2% SRE, 4% MLE and 

1% SRE followed by 3% SRE, 3% SRE, 5% MLE and 

3% ALE while minimum was recorded in 2% MLE, 

control and HP ensued by 1% MLE and 3% ALE. Higher 

ratio of root and shoot was attributed with HP, control 

2% ALE, 2% SRE and 1% ALE but lower was linked 

featured in 5% ALE, 5% MLE and 4% MLE. Lingering 

treatments gave intermediary effect on seedling vigor.  

Biochemical Analysis 

On the other hand primed and unprimed seeds were 

analyzed to judge the sugars (total and reducing) and α-

amylase activity. In case of ALE priming (Figure 1), 

maximum total sugars were computed in 3% and 2%  
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Fig. 2. Effect of M. olifera leaf extract (MLE) priming 

treatments on biochemical attributes of lentil during 

germination assay. Where, C= Control and HP= 

Hydropriming.   

ALE followed by 1% and 4% ALE while higher reducing 

sugars were recorded in 2% and 3% ALE. In the same 

way maximum α-amylase activity found in 2% and 3% 

ALE followed by 1% and 4% ALE. The lowest 

biochemical activity of sugars and α-amylase was 

recorded in control and HP.  

In the same way, in MLE priming (Figure 2); higher total 

sugars were examined in 3% and2 % ALE chased by 1% 

and 4% MLE whereas increased reducing sugars were 

recorded in 3% and 2% MLE. Similarly elevated α-

amylase activity achieved in 3% and 4% MLE followed 

by 1% and 2% MLE. Minimum biochemical activity of 

sugars and α-amylase was observed in control and HP.  

Moreover, in SRE priming (Figure 3); maximum total 

sugars were recorded in 2% and 3% SRE trailed by 1% 

and 4% SRE whereas higher reducing sugars were 

computed in 2% and 3% SRE followed by 4% and 5% 

SRE. Likewise, maximum α-amylase activity recovered 

in 3% and 4% ALE chased by 2% and 4% SRE. The 

lowest biochemical activity of sugars and α-amylase was 

found in control and HP. 

Discussion 

This study was planned according to the need of the era 

with special focus on resource deprived farmers attached 

with traditional crop production practices. Priming with 

natural growth promoters proved effective at both 

growing conditions. All priming treatments significantly 

improved FGP and GI keeping T50 and MGT lower as 

compare to control and HP seeds. Seed priming can 

effectively be used to improve germination and seedling 

establishment under low temperature conditions (Afzal 

et al., 2008).  

Germination and seedling attributes were significantly 

improved by all priming concentrations as compare to 
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control and HP seeds (Table 1). Though a marked 

reduction in germination and seedling vigor was 

observed under cool conditions (Table 2) but seed 

priming with 2% ALE, 3% MLE and 2% SRE 

successfully mitigated the adverse effects of chilling 

stress. It was might be due to presence of natural 

antioxidents, mineral nutrients, osmoprotectants and 

plant growth hormones. Similar finding have earlier been 

reported by (Basra et al., 2011; Afzal et al., 2012; Imran 

et al., 2013).   

Under low temperature conditions, MLE performed 

better in improving germination speed and final 

germination count while SRE was successful in 

providing maximum seedling biomass whereas ALE 

showed a mixed response by providing better 

germination and seedling growth under both conditions. 

This was might be due to integration of growth enhancers 

during seed priming/soaking period resulting in early 

activation of germination regulators as compare to 

control. Analogous findings have former been presented 

by Mahmood et al., 2009 and Nouman et al., 2012. MLE 

is a good source of cytokinin which promotes early 

germination by enhancing cell division (Basra et al., 

2011) while SRE is rich in GB which is responsible for 

stomatal regulation by means of osmatic adjustment 

(Nawaz and Ashraf, 2007) and increase cell turgidity 

(Genard et al., 1991). Chilling stress provokes 

generation of ROS, which may react with important 

macromolecules causing oxidative injury resulting in 

spoiling the optimal cellular functions (Farooq et al., 

2008).  

As earlier mentioned, ALE is loaded with a variety of 

plant hormones, vitamins and nutrients. The improved 

performance of ALE was might be due to the increased 

Fig. 3. Effect of Sugar beet root extract (SRE) priming 

treatments on biochemical attributes of lentil during 

germination assay. Where, C= Control and HP= 

Hydropriming.  
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contents of ascorbate (Afzal et al., 2007), proline 

(Shakirova et al., 2003) or H2O2 signaling effect that 

enhances the tissue K+, NO3
- and PO4

3- levels (Wahid et 

al., 2007).   

Higher root and shoot lengths coupled with increased 

seedling fresh and dry weights are the attributes of early 

and rapid germination resulting in higher seedling vigor. 

An increase in sugar contents was found in most 

promising priming concentrations as compare to 

untreated or HP seeds that are correlated with superior 

seed vigor and findings verify the verdicts of Horii et al., 

2007 and Afzal et al., 2012.   

In conclusion, seed priming was successful in inducing 

chilling tolerance in lentil seeds through increased vigour 

associated with carbohydrate metabolism and hydrolytic 

enzyme activities. Priming with 2% ALE, 3% MLE or 

2% SRE was found most effective and can be suggested 

to farmers for achieving higher yields under cool 

conditions. 
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