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Abstract 

Nanoparticles affects growth and development of Plant. Zinc is an important micronutrient that regulates 
various physiological responses in plant. Application of nanoparticles for modulating plants physiological 
response is a recent practice. Zinc nanoparticles has been widely used in industry for several decades. However, 
no signifi cant work had been made on its potential use in agriculture. Understanding physiological effect of Zn 
NP on rice seed germination could suggest the basis for its prospective application in agriculture to improve 
plant growth. In the present experiment effect of Zn NP was studied in Kmj-6-1-1 which is a commonly growing 
rice cultivar of Karimganj district of Assam, India. An exposure to Zn NP (0 mg/L, 5mg/L,10mg/L, 15mg/L, 
20mg/L & 50mg/L) caused signifi cant changes in radicle and plumule length , mass ( fresh & dry mass) and 
seed moisture content in rice. Antioxidant enzymes like guaiacol peroxidase (GPx), catalase (CAT), superoxide 
dismutase (SOD) and gluthathione reductase (GR) also increased due to ZnNP treatment. This suggest that 
Zn NP may signifi cantly alters antioxidant metabolism during rice seed germination. In conclusion, Zn NP 
protected rice plants from ROS damage by improving levels of antioxidant enzyme activities during germination. 
As a consequence the Zn NP treated seeds, showed better potential for germination. Further, genomic analysis 
of germinating rice seeds are needed to elucidate the molecular mechanisms by which Zn NP modulates 
germination process in rice.
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Introduction

Nanotechnology is a growing ϐield with wide application in the ϐields of science. 
The use of nanoparticles in the growth of plants and for modulating its physiological 
response is a recent practice [1-5]. Zinc nanoparticles has been widely used in industry 
for several decades. However, no signiϐicant work had been made on its potential use 
in agricultural. Zinc (Zn) is typically the second most abundant transition metal in 
organisms after iron and the only metal represented in all six enzyme classes. Higher 
plants generally absorb Zn as a divalent cation (Zn2+), which acts either as the metal 
component of enzymes or as a functional structural or a regulatory co-factor of a 
large number of enzymes [6,7]. Zinc is one of the essential micronutrients required 
for optimum crop growth. Plants take up zinc in its divalent form. At this time it still 
remains unclear whether this uptake is facilitated as diffusion through membranes 
speciϐic for zinc ion or whether it is mediated by speciϐic transporter(s). It has been 
concluded that both mechanisms operate, and about 90.5% of the total zinc required 
by plants moves towards the roots by diffusion. This lateral movement of zinc is highly 
dependent upon the soil moisture, and this may be the reason why, particularly in 
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arid and semi-arid areas, zinc deϐiciency is more frequently seen. In India, Zn is now 
considered the fourth most important yield-limiting nutrient after nitrogen (N), 
phosphorus (P), and potassium (K). In India alone, 50% of the soils that groundnut is 
grown show Zn deϐiciency, which is causing considerable yield loss. Zinc is required for 
chlorophyll production, pollen function, fertilization and germination [8]. Zinc plays 
an important role in biomass production [9]. Zinc in normal soil ranges from 10-300 
mgKg-1. The concentration of Zn present in Indian soil varies from 30 to 72 mgKg-

1 depending on the type of soil [10,11]. In general, concentration of Zn such as 500 
mgKg-1 may be toxic to crops resulting reduced crop yield [12]. Recent report reveals 
that in India and Indonesia high zinc rice lines are in advanced stages of evaluation 
[13,14]. These high zinc line have 18-22 mgKg-1 with acceptable yield potential, grain 
quality and agronomic traits. Among the micronutrients, Zn and manganese (Mn) can 
affect the susceptibility of plants to drought stress [15]. However, phytotoxicity of ZnO 
has been reported [16]. Zinc plays a fundamental role in protecting and maintaining 
structural stability of cell membranes [17]. Zn is used for protein synthesis, membrane 
function, cell elongation and tolerance to environmental stresses [17]. Plants emerging 
from seeds with low Zn have poor seedling vigor and ϐield establishment on Zn-
deϐicient soils. Germination also involves the movement of metal ions like Zn, so that 
it may be utilized efϐiciently. Zn is mobilized during germination in rice [18]. In rice, 
Zn localizes to embryo, endosperm and to the aleurone layer of the seeds. The Zn 
content is particularly high in embryo [18]. During germination, Zn in the endosperm 
decreases while in the embryo, high levels of Zn accumulates in the radicle and leaf 
primordium [19]. With time, Zn increases in the scutellum and the vascular bundle 
of the scutellum. In the scutellum, Zn accumulates to the endosperm similarly to Fe 
[18,20]. Zn is distributed in the leaf primordium. Hence it may be concluded that 
high Zn content in seed could act as a starter fertilizer. Ajouri et al. [21], reported that 
seed priming with Zn was very effective in improving seed germination and seedling 
development in barley. These results may indicate that high Zn concentration in seeds 
has very important physiological roles during seed germination and early seedling 
growth. Slaton et al. [22], reported that treating rice seeds with Zn greatly increased 
grain yield and concluded that this type of Zn application method is a very economical 
alternative to more expensive broadcast Zn fertilizer applications. 

There are several reports available on Zn seed coating, which show promise for crop 
improvement [23,24]. For example, Zn seed pelleting signiϐicantly increased seed yield 
and yield related traits in cowpea (Vigna unguiculata L.). Seed pelleted with ZnSO4 
(250 mg kg-1 seed) produced signiϐicantly higher 100 seed weights, seed weight/
plant leading to 32.1% seed yield increase over non pelleted control [23]. In a series of 
experiments, seed coating with commercially available formulations ‘Teprosyn-ZnP’ 
or ‘TeprosynZn’ effectively corrected Zn deϐiciencies and improved growth and grain 
yield of sunϐlower, maize, wheat, soybean and peanut [25]. Thus, Zn plays important 
role in modulating growth and germination in various plant including rice but there 
is little or no information on physiological impact of nanosized zinc(Zn NP) on seed 
germination which is tried to address in the present study. The current study aims to 
investigate the effect of Zn NP on growth and physiological responses germinating rice 
seeds. The observation from the present study will prove useful in understanding a 
possible role of Zn NP in rice during seed germination and will give an insight into role 
of Zn NP in physiology of rice seed germination.

Materials and Methods
Plant material and treatment

Rice (Oryza sativa L.) seeds were procured from Regional Agricultural Research 
Station, Akbarpur, Karimganj, Assam. Kmj-6-1-1 seeds were used during experiment. 
Zn nanoparticle powder (about 30-60nm size) was purchased from Nanoshell 
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cooperation and required amount of Zinc nanoparticle powder was taken to prepare 
500mg/ml stock solution, which is used to prepare 0mg/L, 5mg/L, 10mg/L, 15mg/L, 
20mg/L, 50mg/L of Zn NP solution.

Seed growth parameters studied 

Seed viability test was carried out by the ϐloatation method. The seeds obtained 
from Regional Agricultural Research Station, Akbarpur, Karimganj, were put in a 
beaker of water and allowed to stand for ϐive to ten minutes. Seeds that sank were 
considered viable. About 20 seeds of rice (Kmj-6-1-1) were surface sterilize with 0.1% 
HgCl2 and wash thoroughly with d.H2O several times. Then the seeds were soaked in 
different Zn NP suspension (Control, 5mg/L, 10mg/L, 15mg/L, 20mg/L, 50mg/L) for 
1h in incubator shaker (160 rpm) in 50ml of solution in conical ϐlask. After 1h plate 
the seeds in petridish containing moisten ϐilter paper & incubate at 28o C for 48h in 
dark. After 48h keep the plates under light for another 48h after which germination 
percentage, seed dry & fresh mass, SMC, PL, RL, PM, RM were measured. All experiments 
were repeated thrice to ϐive times and data presented mean±SE. The appearance of the 
plumule at the ϐilter paper surface was taken as germination. Germination % were 
recorded after 72h of incubation by counting the number of germinating seeds out of 
total seed plated (25 numbers). After 48h of treatment germinating rice seeds at least 
10 seeds per treatment were sampled and radicle and plumule length were measured 
using centimeter ruler and were separated into radical and plumule and then oven 
dried at 800C for 48h to estimate the dry mass and expressed in g seed-1. Radicle and 
plumule ratio was measured by dividing radical length by plumule length. Total dry 
mass was estimated by adding radicle and plumule dry mass. Total dry mass of seed 
was measured taking whole germinating seeds and used to calculate RWC of radical 
and plumule using as per the formula given by Kramer [26].

Antioxidant enzymes analysis

The tissues were homogenized with Tris HCl pH (6.8) 50mM in prechilled mortar 
and pestle. The extract is centrifuged at 4℃ for 10 min at 10,000 rpm in a cooling 
centrifuge The supernatant was used for assay of guaiacol peroxidase (GPX), catalase 
(CAT) and super-oxide dismutase (SOD) and gluthathione reductase (GR) activity assay, 
The activity of CAT was measured by the method of Aebi [27] and was determined by 
monitoring the disappearance of H2O2 at 240 nm by using the extinction coefϐicient 
0.036 mM1 cm1. The CAT activity was expressed as μmole H2O2 destroyed min-1g dry 
weight (DW). GPx activities was assayed as per Chance and Maehly [28]. The activity 
of SOD was measured using the method of Giannopolitis and Reis [29]. 3.0 ml assay 
mixture for SOD contained 79.2 mM Tris HCI buffer (pH 8.9), having 0.12 mM EDTA 
and 10.8 mM tetra ethylene diamine, bovine serum albumin (3.3x10-3%), 6.0mM NBT, 
600 μM riboϐlavin in 5.0mM KOH and 0.2ml tissue extract. Reaction mixture was 
illuminated by placing the test tubes in between the two tube lights (Philips 20W). 
Reaction was initiated by switching the light on and terminated after 10 min. The 
increase in Absorbance due to formazan formation was read at 560 nm. The increase 
in Absorbance in the absence of enzyme was taken as 100 % and 50 % initial was 
taken to be an equivalent to 1 unit of SOD activity. Glutathione reductase (GR) was 
assayed by the method of Smith et al. [30]. The reaction mixture contained 1.0 ml of 
0.2M potassium phosphate buffer (pH 7.5) having 1mM EDTA, 0.5ml of 3.0mM DTNB 
in 0.01M potassium phosphate buffer (pH 7.5), 0.1ml of 2.0mM NADPH, 0.1ml tissue 
extract and distilled water to make up a ϐinal volume of 2.9ml. Reaction was initiated 
by adding 0.1ml of 2mM GSSG (oxidised glutathione). The increase in Absorbance 
at 412nm was recorded at 250C over a period of 5min, spectrophotometrically. The 
activity has been expressed as Absorbance change (∆A412) g. dry mass-1 sec-1.

Data analysis

Each experiment was repeated three to ϐive times with each treatment sample 
containing ten seeds and data presented are with mean±standard error (SE). The data 
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analysis was carried out using MS excel 2007. LSD test was done to compare signiϐicant 
mean difference from control.

Results and Discussion

In the present investigation Kmj-6-1-1 genotype of rice (Oryza sativa L.) procured 
from Regional Agricultural Research Station, Akbarpur, Karimganj, Assam, India and 
collected seeds were used to study the effect of Zn nanoparticles on germination of 
rice seeds. 

Zn NP induced changes in growth of germinating rice seeds

Several studies have shown that zinc affects plant metabolism and its nutrient 
uptake by roots and other physiological processes [31]. Our results with rice seeds 
reveals that Zinc nanoparticle (Zn NP) caused increase of radicle and plumule length 
in rice. As depicted in ϐigure 1, the morphological changes i.e., length of radical and 
plumule was shown in response to Zn NP treatment when subjected to 0 mg/L,5mg/
L,10mg/L,20mg/L and 50mg/L of Zn NP solution. Data obtained by growth analysis 
of the germinating seeds was very signiϐicant. There is gradual increase in the length 
of the radical and plumule with increase in the concentration of Zn NP solution. As 
shown in ϐigure 1, Zn NP caused gradual increase in radical and plumule fresh mass as 
well as dry mass of the germinating rice seed ϐigure 2. As indicated in ϐigure 2, relative 
water content (RWC) of plumule and radical also slightly increased. The dry mass and 
fresh mass of the germinating seeds gradual increase along with little increase in seed 
moisture content (Figure 3). Zn NP promoted seed germination as evidenced from 
increased rate of seed germination in ϐigure 3, highest rate being shown at 15mg/L 
which may be attributed to increased moisture content of seeds treated with Zn NP. 
Earliar report suggest that increased RWC and dry mass is a result of improve growth 
and recovery in plants and such a process is modulated by Zn [32].

 Zinc is an essential nutrient that plays important roles in numerous physiological 
processes in plants, serving as a cofactor for many enzymes and as the key structural 
motifs in transcriptional regulatory proteins [19]. A deϐiciency of Zn decreases growth, 
but excess-Zn is toxic to biological systems through metal-based cytotoxic reactions. 
Therefore, the uptake and transport of Zn must be strictly regulated. Intracellular Zn 
homeostasis is achieved through the coordinated regulation of speciϐic transporters 
engaged in Zn inϐlux, efϐlux, and intracellular compartmentalization. The level of zinc 

Figure 1: Effect of Zn NP on length and fresh mass of radicle and plumule of germinating rice seeds. Data presented 
are mean ±SE. * indicate signifi cant mean difference from control by LSD test(p<0.05).
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nutrition may affect plant water relations and alter stomatal conductance. Stomatal 
conductance and transpiration rates also declined under zinc deϐiciency. Gas exchange 
data presented by Hu and Sparks [31], and Sharma et al. [32], indicated that zinc 
deϐiciency causes a reduction in the instantaneous transpiration efϐiciency of leaves. 
However, zinc fertilization and water stress affects plant water relations has been 
reported [6]. Possible roles of zinc in protecting plant cells from damage by reactive 
oxygen species and its effect on plant metabolism has also been well reviewed [8,17,33]. 
However, little information about the effect of zinc nano particle induced biochemical 
responses in rice seeds is available. The role of Zn in protecting plant cells from 
damage by reactive oxygen species may be an important response in seed germination 
and not simply affecting seed water content, dry matter accumulation and changes in 
antioxidant balance during germination. Zinc is an indispensible micronutrient which 
regulates abiotic stress responses in plant. Zinc mitigates arsenic toxicity in plant by 
modulating ROS and antioxidant function in plant [34]. Zinc nutrition also helps in 
mitigation of iron toxicity in rice [35]. Zinc nutrition also modulates drought induced 
growth and antioxidant dysfunction in plant and mitigates dehydration induced 
damages and improves post stress rehydration responses in plant [30,36]. 

Figure 2: Effect of Zn NP on  dry mass   and  relative water content (RWC )of  radicle and plumule of germinating  
rice seeds. Data presented are mean ±SE. * indicate signifi cant  mean difference from control by LSD test(p<0.05).

Figure 3: Effect of Zn NP on total fresh and  dry mass, germination percentage and moisture content(SMC)   of   
rice seeds. Data presented are mean ±SE. * indicate signifi cant  mean difference from control by LSD test(p<0.05).
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Zn NP induced antioxidant changes of germinating rice seeds

ROS plays a crucial role in causing cellular damage under abiotic stress. Abiotic stress 
results in increased production of ROS which oxidized target molecules. ROS increases 
the expression of antioxidant genes leading to increases in the levels of antioxidants 
and thus enhance ROS scavenging capacity at cellular level confering tolerance 
against the stress. Secondary products of ROS in plant cells during stress include lipid 
peroxides and thiol radicals. Although a series of regulatory mechanisms have evolved 
within the plant cell to limit the production of these toxic molecules, oxidative damage 
remains a potential problem, since it causes perturbations in metabolism, such as a 
loss of coordination between energy production (source) and energy utilization (sink) 
processes during photosynthesis in green leaves in stressful environments. Plants have 
evolved complex protective mechanisms to prevent the damage initiated by the ROS. 
The primary constituents include antioxidant enzymes such as SOD, CAT, APX, POX, 
GR and monodehydroascorbate reductase (MDAR) and free radical scavengers such 
as carotenoids, ascorbate, tocopherols and oxidized and reduced glutathione (GSSG 
and GSH) respectively. SOD regulates the cellular concentration of O-

2 and H2O2. In 
the present study, Zn NP treatment showed signiϐicant effect on antioxidant enzymes 
activities. SOD activities were increased in plumule and radicle due to Zn NP treatment 
(Figure 4). During germination SOD activities increased more signiϐicantly in plumule 
than radical. Increase in SOD activities in germinating seed were the indicative of 
enhanced O2

- production [37], which could be an adaptation to improve growth during 
germination by regulating ROS level in growing seed. There are many cases that plants 
growing in hostile environments exhibit increased oxidative stress enzyme activities 
to combat the deleterious effect of ROS [38,39]. SOD is reported to play an important 
role in cellular defense against oxidative stress, as its activity directly modulates the 
amount of O-

2 and H2O2, the two substrate of the metal catalysed site speciϐic Haber-
Weiss reaction resulting in generation of the high reactive OH. SOD catalyses the 
conversion of the superoxide anion to H2O2 and oxygen. CAT activity was increased in 
both the plumule and radical of growing rice seeds (Figure 4). The ability of growing 
seeds to enhance CAT activities mediated by Zn NP during germination could improve 
the process. Increased GR activity in growing seed due to Zn NP treatment, was 
seen initially in radical while plumule showed decline GR activity during rice seed 
germination. Glutathione is maintained in a reduced state by GR. However, higher GR 
activity induced in Zn NP treated plant could be an adaptive advantage for seed growth 

Figure 4: Effect of Zn NP on Guaiacol peroxidase(GPx), catalase (CAT), glutathione reductase (GR) and superoxide 
dismutase (SOD) activities of germinating rice seeds. Data presented are mean ±SE. * indicate signifi cant mean 
difference from control by LSD test (p<0.05).
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during germination. GPx activities in the plumule and radicle of germinating seeds 
increased in response to Zn NP as indicated in Fig. 4. Such increase in GPx activity 
in both the leaf and root tissues of Vigna radiate [40], O. sativa [41], has also been 
reported under salinity stress. 

Conclusion

In conclusion, the effect of Zn NP in the germination of growing seedlings of rice 
was signiϐicant. In the present experiment variation of Zn NP treatment was measured 
in Kmj-6-1-1 which is a commonly growing rice cultivar of Karimganj district of Assam. 
An exposure to Zn NP( 5mg/L,10mg/L,15mg/L,20mg/L & 50mg/L) caused signiϐicant 
changes in radicle and plumule length, mass ( fresh & dry mass) and seed moisture 
content in the tested cultivar of rice. Thus, treating rice seeds with Zn NP protected 
plants from ROS damage by improving levels of antioxidant enzyme activities. As a 
consequence the Zn NP treated seeds, showed better potential for germination. Future 
genomic analysis of germinating rice seeds are needed to elucidate the molecular 
mechanisms by which Zn NP may mediate germination process in rice seeds.
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