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ABSTRACT 
 

The present study aimed in exploring the performance of primed seeds in enhancing the quality of 
proso millet. The primed seeds along with nonprimed seeds were evaluated for emergence, cell 
proliferation in radicle cells using scanning electron microscope and biochemical parameters. Seeds 
primed with Pseudomonas fluorescens 20% possessing higher germination and anatomical 
changes observed through scanning electron microscope revealed more cell proliferation which was 
found to show rapid cell elongation and cell division of the radicle when compared to nonprimed 
seeds. The biochemical causes responsible for higher invigorative effect were identified as enhanced 
enzyme activity recorded through -amylase content, dehydrogenase activity, protein content, lipase 
activity, antioxidative enzymes like catalase activity, peroxidase activity and superoxide dismutase 
with lower electrical conductivity, free amino acid and free sugars of the seed leachate. It is 
concluded in this study that primed seeds of Pseudomonas fluorescens 20% performed better than 
other treatments through their exhibition of higher emergence, more cell proliferation and enhanced 
biochemical parameters. 
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1. INTRODUCTION  
 
Seed priming is the hydration of seeds at 
controlled level which facilitates the metabolic 
changes to take place as required for 
germination process but prevents actual 
emergence of radicle [1]. The useful effects of 
priming have been related to different cellular, 
biochemical, and molecular processes including 
synthesis of RNA and proteins. During seed 
priming several changes takes place in the seed 
such as imbibitions, removal o inhibitors which 
causes dormancy, activation of enzymes and 
metabolic events which are required for 
germination process to take place. This 
enhances the speed, uniformity of germination 
and stand establishment [2]. The process takes 
place during seed priming also persists even 
after desiccation of the seeds. The primed seeds 
when sown in the field could rapidly imbibe water 
and restore the seed metabolism resulting in 
higher germination rate and reduction in the 
heterogeneity in germination [3]. 
 
Biopriming is defined as the process of hydrating 
seeds in biological agents which includes the 
combination of seed priming and treating of 
seeds with useful microorganism to protect the 
seeds and improve their quality [4]. Biopriming 
provided an economically competitive delivery 
system, because only a relatively small amount 
of inoculum was needed for plant protection and 
crop improvement and also more stable field 
efficacy. Biopriming with biological agents 
promotes germination and growth of plants as 
these organisms produce plant growth promoters 
such as auxin, cytokinin and gibberellic acid. It 
not only promotes growth parameters but also 
colonizes the root zone and prevents them from 
being attacked by pathogens. Hence the current 
study aimed in finding the priming effect on seed 
quality parameters in proso millet. 
 

2. MATERIALS AND METHODS 
 
The genetically pure seeds of proso millet cv. CO 
(PV) 5 were used for this study. The proso millet 
seeds were treated with priming agents for the 
specified period of 8 hours and seed to solution 
ratio of 1:1 (w/v). The priming treatments viz., T1 
- Nonprimed seed, T2 – Hydropriming, T3 - 
KH2PO4 2%, T4 - Pseudomonas fluorescens 20% 
(Liquid formulation) reported by Iswariya et al. 
[5]. The biocontrol agent Pseudomonas 
fluorescens Pf1 (Liquid formulation) was 

obtained from the Department of Plant 
Pathology, Tamil Nadu Agricultural University. The 
primed seeds were evaluated for the emergence 
of seedlings and biochemical parameters.   
 

2.1 Emergence of Seedlings 
 
The germination percentage of proso millet 
seeds were evaluated by the procedure given by 
[6]. Hundred (100) seeds in four replicates were 
used using top of paper method and allowed for 
seven days. After the germination period the 
germination percentage was calculated based on 
counting the seeds germinated out of total 
number of seeds sown.  
 

2.2 Scanning Electron Microscopic (SEM) 
Observation 

 
The anatomical changes of primed seeds were 
studied using SEM FEI QUANTA 250. The seeds 
primed with Pseudomonas fluorescens 20% of 
proso millet along with nonprimed seeds were 
scanned using Scanning Electron Microscopic 
(SEM) with attention to identify the cell 
proliferation in radicle cells. 
 

2.3 Biochemical Parameters 
 
The biochemical parameters were analysed 
using standard procedures. -amylase content 
was analysed by the method given by Paul et al. 
[7], dehydrogenase activity [8], protein content 
[9], lipase activity [10], catalase activity [11], 
peroxidase activity [12], superoxide dismutase 
[13], electrical conductivity [14], free amino acid 
[15] and free sugars [16]. 
 

2.4 Statistical Analysis 
 
The data obtained were subjected to statistical 
analysis using AGRES software by analysis of 
variance (ANOVA). The standard error and 
critical difference (CD) was calculated at 0.05 
probability level.  
 

3. RESULTS AND DISCUSSION 
 

3.1 Effect of Seed Priming on Emergence 
and Anatomical Changes  

 
Among the priming treatments, seeds primed with 
Pseudomonas fluorescens 20% recorded highest 
germination (90%) followed by seeds primed with 



KH2PO4 2% (88 per cent). The poorest 
performance was registered by nonprimed seeds 
(85%) (Fig. 1). The highest germination in primed 
seeds might be due to the α-amylase
activity. Amylase is one of the growth promoting 
enzymes which is involved in hydr
starch reserve in the seed and transport of 
sugars to the developing embryo.
resumption of α-amylase production immediately 
after imbibitions in primed seeds might be the 
reason for rapid increase in α-amylase activity 
during germination. This is in agreement with the 
findings of Iswariya et al. [5
made similar observation in barnyard millet 
variety. 
 

The results on anatomical changes
the proso millet seeds primed with Pseudomonas 
fluorescens 20% had more cell elongation and 
cell division of the radicle (Fig. 2). The radicle 
elongation in the primed seeds has been found 
to register twice larger than in the nonprimed 
seeds. Further, number of cells registered was 2
3 times higher in primed seeds in comparision to 
nonprimed seeds. This could be due to faster 
initiation of metabolic activity which activated the 
radicles cell expansion leading to early protrusion 
of radicles. The observation of this study is in 
agreement with McDonald [17] who stat
early and rapid imbibition would stimulate early 
metabolic activities and facilitate rapid 
multiplication and elongation of radicle in the 
primed seed. The Pseudomonas fluorescens
would have increased the production of growth 
hormone such as gibberellins which have further 
triggered the amylase enzyme. These enzymes 
played a vital role in promoting early germination 

Fig. 1. Seed priming influence on germination 
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The poorest 
performance was registered by nonprimed seeds 

The highest germination in primed 
amylase enzyme 

Amylase is one of the growth promoting 
enzymes which is involved in hydrolyzing the 
starch reserve in the seed and transport of 
sugars to the developing embryo. Quick 

amylase production immediately 
after imbibitions in primed seeds might be the 

amylase activity 
This is in agreement with the 

5] who also            
made similar observation in barnyard millet 

The results on anatomical changes revealed that 
Pseudomonas 

20% had more cell elongation and 
cell division of the radicle (Fig. 2). The radicle 
elongation in the primed seeds has been found 
to register twice larger than in the nonprimed 
seeds. Further, number of cells registered was 2-

s in comparision to 
This could be due to faster 

initiation of metabolic activity which activated the 
radicles cell expansion leading to early protrusion 
of radicles. The observation of this study is in 

who stated that 
early and rapid imbibition would stimulate early 
metabolic activities and facilitate rapid 
multiplication and elongation of radicle in the 

Pseudomonas fluorescens 
would have increased the production of growth 

ellins which have further 
triggered the amylase enzyme. These enzymes 
played a vital role in promoting early germination 

by increased starch assimilation [18]. This might 
also be due to the metabolic events like 
endosperm weakening by hydrolase activities,
cell cycle related events and mobilization of 
storage reserves [19] which were also activated by 
the faster imbibition rate. These observations 
were also agreed by [20] in the onion. These 
researchers proposed that priming resulted in 
more rapid imbibition and higher radicle cell 
differentiation and enlargement. 

 
3.2 Inluence of Seed Priming on 

Biochemical Changes 
 
In the present study the highest -amylase content 
(5.12 mg maltose min

-1
), dehydrogenase activity 

of 0.348 OD value, protein content 
catalase activity of 1.90 m mol of H
min

-1
 g

-1
 seed

-1
, peroxidase of 0.92 m mol of 

tetraguaicol formed min-1 g-1 seed
dismutase activity of 0.99 Unit of enzyme, lipase
activity of 0.018 meq min

-1
 g

-1
 of sample and 

lowest electrical conductivity of seed 
(26.3 µS cm

-1
), free amino acid of 

seeds-1 50 ml-1 leachate, free sugars 
50 seeds

-1 
50 ml

-1
 leachate) was quantified in

seeds primed with Pseudomonas fluorescens
20%. 

 
The increase in amylase activity was observed in 
primed seeds was due to rapid disintegration of 
starch which provides energy to the growing 
radicles. Thus the primed seeds were found to 
possess early germination than nonprimed 
seeds. The augmentation of α-amylase activity in 
primed seeds might be due to complete
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Fig. 2. Emergence of radicle and cell proliferation in radicle cells of proso millet viewed under 
Scanning Electron Microscope (SEM) (A) Radicle protrusion of nonprimed seeds (Arrow 

indicates initiation of radicle protrusion) (B) Radicle protrusion of seeds primed with 
Pseudomonas fluorescens 20% (Arrow indicates advancement of radicle protrusion than 

nonprimed seeds) (Square box indicate the scanned portion of radicle) (C) Cell proliferation of 
radicle cells of nonprimed seeds (D) Cell proliferation of radicle cells of seeds primed with 

Pseudomonas fluorescens 20% 
 
hydration process at the time of imbibitions that 
increased hydrolysis of starch. The starch was 
then converted into reducing sugars which 
results in advancement of germination [21]. 
 
On valuation of biochemical changes, the 
electrical conductivity, free amino acids and free 
sugars of seed leachate was lower in seeds 
primed with P. fluorescens 20% than nonprimed 
seeds (Table 1) which may be due to the better 
integration of plasma membrane structure by 
slow hydration. Variation in the electrical 
conductivity indicated reduced compactness of 
seed coat, increased membrane integrity and 

deterioration of cell membranes. Similar findings 
were also reported in pearl millet [22]. The 
differential electrical conductivity values observed 
among the priming treatments indicates that the 
membrane integrity provided may not be uniform 
and results in varying electrical conductivity 
values.   
 
In the present study, the electrical conductivity, 
free amino acids and free sugars of the seed 
leachate had negative association with seed 
quality which was supported by the enhanced α-
amylase, dehydrogenase activity and anti-
oxidative enzymes like catalase, peroxidise and 
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Table 1. Influence of seed priming on electrical conductivity, -amylase content, dehydrogenase activity, protein content and free amino acid in 
proso millet 

 
Seed priming treatments Electrical conductivity  

(µS cm
-1

) 
-amylase content 
(mg maltose min-1) 

Dehydrogenase activity 
(OD value) 

Protein content 
(%) 

Free amino acid (µg 50 
seeds

-1 
50 ml

-1
 leachate) 

T1 - Nonprimed seed 31.7 4.32 0.319 10.83 35.47 
T2 - Hydropriming 29.6 4.63 0.328 11.40 34.95 
T3 - KH2PO4  2%, 27.2 4.96 0.335 11.68 33.92 
T4 - Pseudomonas fluorescens 
20%  

26.3 5.12 0.348 11.76 32.36 

Mean 28.7 4.75 0.332 11.42 34.17 
SEd 0.191 0.034 0.0023 0.080 0.237 
CD (P= 0.05) 0.406 0.072 0.0050 0.170 0.503 

 
Table 2. Influence of seed priming on free sugars, catalase activity, peroxidase activity, superoxide dismutase and lipase activity in proso millet 
 

Seed priming treatments Free sugars 
(µg 50 seeds

-1 
50 ml

-1
 

leachate) 

Catalase activity 
(m mol of H2O2 reduced 
min-1 g-1 seed) 

Peroxidase activity 
(m mol of tetraguaicol 
formed min-1 g-1 seed) 

Superoxide 
dismutase 
(Unit of enzyme) 

Lipase activity 
(meq min

-1
 g

-1
 of 

sample) 
T1 - Nonprimed seed 31.32 1.79 0.83 0.91 0.014 
T2 - Hydropriming 29.77 1.85 0.85 0.96 0.016 
T3 - KH2PO4  2%, 29.25 1.87 0.89 0.97 0.017 
T4 - Pseudomonas 
fluorescens 20%  

27.69 1.90 0.92 0.99 0.018 

Mean 29.50 1.85 0.87 0.95 0.016 
SEd 0.205 0.012 0.006 0.006 0.0001 
CD (P= 0.05) 0.435 0.026 0.014 0.014 0.0002    
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superoxide dismutase and protein content of 
seeds primed with P. fluorescens 20% (Table 2). 
The activity of all enzymes was at higher order 
highlighting the promotive action of priming 
technique as the primary cause for seed 
invigouration. 
 
After initiation of imbibition of seeds the activity of 
hydrolytic and anti oxidative enzymes increased 
[23]. The increase in peroxidise activity might be 
due to the reason that degration of storage 
reserves and translocation to the growing 
embryo. Singh et al. [24] and Mathivanan et al. 
[25] also expressed that enzyme changes such as 
amylase content, catalase and peroxidise activity 
increased with primed seeds. Evangelina et al. [26] 
also reported that primed seeds showed higher 
superoxide dismutase and catalase activities than 
non-primed seeds. Peroxidases are the enzymes 
which plays a vital role in maintenance of seed 
quality by protecting the seeds against 
accumulation of peroxides that may be formed due 
to decomposition of hydrogen peroxide into water 
and oxygen. The increase in superoxide dismutase 
and catalase was also reported by Afzal [27] in 
primed seeds of tomato. 
 
4. CONCLUSION 
 
The proso millet seeds primed with 
Pseudomonas fluorescens 20% possessed 
higher germination percentage than the 
nonprimed seeds. Anatomical changes observed 
through scanning electron microscope revealed 
that Pseudomonas fluorescens 20% primed 
seeds produced more cell proliferation, rapid cell 
elongation of the radicle compared to nonprimed 
seeds. Pseudomonas fluorescens 20% primed 
seeds possessed enhanced enzyme activity of -
amylase content, dehydrogenase activity, protein 
content, lipase activity and antioxidative enzymes 
like catalase activity, peroxidase activity, 
superoxide dismutase with lower electrical 
conductivity, free amino acid and free sugars of 
the seed leachate. 
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