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ABSTRACT: A study was conducted to evaluate the effect s of silver nanoparticles for ameliorating 
negative effects of drought stress on germination and growth of lentil seeds. In order to investigate 
drought stress on lentil germination indices, an experiment was carried out in Iran from January  to 
February 2015 at Ferdowsi University of Mashhad, in the biotechnology Laboratory, to create drought 
stress, poly ethylene glycol  (PEG) at the levels of 0 (as control),  -0.4,-0.6, -0.9 and -1.1 Mpa and Five 
levels of silver nanoparticles (0, 10, 20, 30 and 40 µg mL-1) on Lentil (Lens culinaris Medic); were 
tested. Germination characteristics such as germination percentage (GP), germination rate (GR), shoot 
and root of seedling length, fresh and dry weight of seedlings and mean germination time (MGT) were 
measured. Results showed that the effect of different concentrations of PEG and silver nanoparticles on 
germination rate and germination percentage, root length, root fresh and dry weight were significant. 
Silver nanoparticles increased germination percentage and rate over control. Length and fresh weight of 
radicle was greater in stressed seedlings. The results of this experiment showed that the use of AgNPs 
increased the germination in lentil under drought Levels. 
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INTRODUCTION 
 

 About 15 million km2 of the land surface is covered by cropland (Ramankutty et al. 2008), and about 16% of 
this area is equipped for irrigation (Siebert et al. 2005). Thus in many parts of the world, plants may frequently 
encounter drought stress. Faced with scarcity of water resources, drought is the single most critical threat to world 
food security. It was the catalyst of the great famines of the past. Because the world’s water supply is limiting, 
future food demand for rapidly increasing population pressures is likely to further aggravate the effects of drought 
(Somerville and Briscoe, 2001). Drought is a severe limitation of plant growth, development and productivity, 
particularly in arid and semi-arid regions (Galle et al., 2007), and the response characters of plants exposed to 
drought stress have become a crucial environmental research topic in drought-prone regions. Seed germination, as 
a critical stage in plant life is the most vulnerable to such stresses (Freeman, 1973; Catalan et al., 1994). 
Germination is the first stage of plant encounters with drought. Germination also is important for determining the 
final plant density if planted seeds germinate completely and vigorously (Baalbaki et al, 1990). Many studies on 
plant responses to drought stress with regard to seed germination and seedling growth have been recently 
reported, including studies of agricultural crops, helianthus annuus (Ahmad et al., 2009); Soybean (Dornbas et 
al.,1989); Soybean (Khajepour, 1999); Lens culinaris, (Hojjat et al.,  2004) and Medicago sativa (den Berg and 
Zeng, 2006 ). 
     Lentil (Lens culinaris Medikus) is a staple food legume that is traditionally grown in West Asia, East and North 
Africa, the Indian sub-continent and is a primary component of farming systems of those areas. Lentil plays a 
significant role in human and animal nutrition and in maintenance and improvement of soil health (Sarker et al, 
2011). 
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     Nanotechnology is a promising field of interdisciplinary research. It opens up a wide array of opportunities in 
various fields like medicine, pharmaceuticals, electronics and agriculture. The potential uses and benefits of 
nanotechnology are enormous. Nanoparticles (Nano Scale Particles = NSPs) are atomic or molecular aggregates 
with at least one dimension between 1 and 100 nm (Ball, 2002; Roco, 2003), that can drastically modify their 
physico-chemical properties compared to the bulk material (Nel et al., 2006). The majority of the reported studies 
point to the positive impacts of nanoparticles on plant growth with a few isolated studies pertaining to negative 
effect. In order to understand the possible benefits of applying nanotechnology to agriculture, the first step should 
be to analyze penetration and transport of nanoparticles in plants. Numerous studies have demonstrated that TiO2 
nanoparticles promoted photosynthesis and nitrogen metabolism and thus greatly improved growth of spinach at a 
concentration as low as 20 mg/l (Hong et al., 2005a, b; Liu et al., 2005).  Another study by Mahajan et al. (2011) 
studied the effect of nano-ZnO particles on the growth of plant seedlings of mung (Vigna radiata) and gram (Cicer 
arietinum). They found that at certain optimum concentration, the seedlings displayed good growth over control and 
beyond that retardation in growth was observed. Silver nanoparticles (AgNPs) are currently one of the most widely 
commercially used nanomaterials (Chen and Schluesener, 2008).  
Silver ions such as AgNPs have been recognized to inhibit ethylene action (Beyer, 1976). This effect of silver ions 
on ethylene was reported by several researchers (Beyer, 1976). Silver eliminates unwanted microorganisms in 
farmer soils and hydroponics systems. It is being used as foliar spray to prevent fungi, rot, moulds and several 
other plant diseases. Moreover, silver is a great plant-growth stimulator, including silver salt, silicate and water 
soluble polymer to radioactive rays (Sharon et al., 2010). 
The recent advances in nanotechnology and its use in the field of agriculture are astonishingly increasing; 
therefore, it is tempting to understand the role of silver nanoparticles (AgNPs) in the germination of seeds. This 
research was designed to examine possible beneficial stimulatory effects of silver nanoparticle concentrations on 
seed germination and seedling Lentil (Lens culinaris Medic) seed under drought stress. 
 

MATERIALS AND METHODS 
 
 In order to investigate salinity stress on Fenugreek germination indices, an experiment was carried out in Iran 
from October 2014 to November 2014 at Ferdowsi University of Mashhad, in the biotechnology Laboratory, to 
create drought stress, poly ethylene glycol  (PEG) at the levels of 0 (as control),  -0.4, -0.6, -0.9 and -1.1 Mpa and 
Five levels of silver nanoparticles (0, 10, 20, 30 and 40 µg mL-1) on Lentil (Lens culinaris Medic); were tested. The 
AgNPs were obtained from US Research Nanomaterial’s, Inc. Transmission electron microscopy (TEM) images of 
silver nanoparticles with diameters of 20 nm, shown in Figure 1. Seeds of Lentil were from seed bank of 
Herbaceous Sciences Research Center, Ferdowsi University of Mashhad. These all were washed with deionized 
water. Seeds were sterilized in a 5% sodium hypochlorite solution for 10 minutes (USEPA, 1996), rinsed through 
with deionized water several times. Their germination was conducted on water porous paper support in petri dishes 
(25 seed per dish) at controlled temperature of 25 ± 1 ºC. After labeling the Petri dishes, seed were established 
between two Whatman No.1 in Petri dishes. 
Silver nanoparticles in different concentration (0, 10, 20, 30 and 40 μg mL-1) were prepared directly in deionized 
water and dispersed by ultrasonic vibration for one hour. Each concentration was prepared in three replicates. 
Every other day supply with 15 ml silver nanoparticles per every test plantlets was carried out for 14 days along 
with control. Germination counts were recorded at 2 days intervals for 14 days after sowing and the seedlings were 
allowed to grow. The germination percentages of the seeds were finally determined for each of the treatments. 
After 21 days of growth, the shoot and root lengths were long enough to measure using a ruler. The controlled sets 
for germinations were also carried out at the same time along with treated seeds. 
 
Germination Speed Index (GSI) 
Conducted concomitantly with the germination test, with daily calculation of the number of seeds that presented 
protrusion of primary root with length ≥ 2 mm, always at the same time during the trial. The germination speed 
index was calculated by the sum of the number of seeds germinated each day, divided by the number of days 
elapsed between the seeding and germination, according to the Maguire formula (1962): 

GSI=G1/n1+G2/n2+⋯+Gi/ni.  where: 
GSI = seedlings' germination speed index;  
G = number of seeds germinated each day;  
N = number of days elapsed from the seeding until the last count. 
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Fresh and Dry Mass 
The fresh mass was quantified through weighing in precision scale, and the dry mass was determined through 
weighing in a precision scale after permanence of the material in a kiln with air forced circulation, at a temperature 
of 70 °C, until constant weight. In the end of experiment, radical and plumule length and fresh weight measured. 
Plants were placed in oven at 70 ºC for 48h and weighted with sensitive scale. Statistical analysis each treatment 
was conducted with three replicates and the results were presented as mean ± SD (standard deviation). The 
results were analyzed by one way Anova with used Minitab Version . 
 

 
Figure. 1: Ag Nanopowder, Coated with ~0.2wt% PVP (Poly Viny Pyrrolidone) surfactant for low oxygen content 
and easy dispersing. True density: 10.5 g/cm3 Purity: 99.99% APS: 20 nm SSA: ~18-22 m2/g Color: black 
Morphology: spherical 
 
 

RESULTS AND DISCUSSION 
 
 Results showed that germination rate and germination parentage was highest at zero water potential and the 
least rate and germination parentage was observed at -1.6 Mpa (Table1).  Also PEG has significant effect on 
germination speed, dry weight of plant, the length of the shoot and the root  on the one percent probable level 
(p>0/01). Similar results were reported earlier in lentil cultivars, indicated the declines in germination percentage of 
lentil seeds with increasing level of water stress (Al-Jamali, 2002). There was a significant decrease in germination 
and germination speed index with increasing drought severity and germination percent decreased from %97 in 
control to %78 in -1.1 MPa. 
Results showed that AgNPs has significant effect on germination percent, the length of the shoot and the root on 
the one percent probable level (p>0/01). Silver nanoparticle caused an increase in germination parentage and 
Germination rate (table 2) and the highest values achieved by applying 10 µg mL-1 of silver nanoparticle about 
%89.5 and 6.88, respectively.   
 



Intl J Farm & Alli Sci. Vol., 5 (3): 208-212, 2016 

 

211 
 
 

 
a                                                                                          b 

 
Figure. 2: Effects of PEG and AgNPs on Dry mass (a) and Root length (b) of lentil 

(The values are the means of three replicates) 
 
Interaction of AgNPs and PEG has meaningful effect on germination percent, dry weight of plant, the length of the 
shoot and the root  on the one percent probable level (p>0/01). The results of the average of comparison effect of 
different level of AgNPs, showed that increase of the AgNPs improve the situation of germination components 
related to witness and decrease the amount of PEG activity.  Reduction in GP attributed to decrease in imbibitions 
of seeds and water uptake under stress conditions (Turk et al, 2004). Therefor it can be resulted that enzymatic 
activities decrease under drought and reduction in osmotic potential can be occurred. Effect of silver nanoparticle 
and drought was significant on radical length, but only the simple effect of drought and silver nanoparticle were 
significant on fresh and dry weight of radicle (table 1). Drought and silver nanoparticle increased the radical length 
and the highest length (4.45 cm) observed in sever tress and applying 10 µg mL-1 (Figure. 2).  The highest dry 
weight of radical was related to 20 µg mL-1 silver nanoparticle with 0.07 gr (Figure. 2). 
 

CONCLUSION 
 
 Our results indicated that exposure to AgNPs had significant effects on the seed germination and seedling 
growth of lentil seed. The germination percentage improved for lentil at 10 µg mL-1 AgNP concentrations, despite 
an increase in mean germination time for lentil plants. Nano silver enhanced the germination parameters and 
caused to better drought tolerance and with applying 10 mL-1 of nano silver it can be practical to increase and 
improve lentil seed germination under drought stress. The outcomes of this study are useful for determining the 
biocompatibility of AgNPs and for identifying potential agricultural applications for nanoparticles in crop 
improvement and suggested to study the potential of nano silver on the changes in the quality and quantity of lentil 
performance in field conditions. 
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