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Abstract 
 
Application profile of nano particles is rapidly expanding even in agriculture. Silver nano particles (SNPs) are 

hypothesized to enhance nutrient use efficiency in plants. Present study was carried out to determine the role of 

SNPs for improving (NUE) in wheat. The SNPs were synthesized chemically by reducing silver nitrate with 

trisodium citrate and size was 10-20 nm according to X-Ray Diffraction analysis. Completely randomized design 

with seven graded doses of SNPs (0, 25, 50, 75, 100, 125, 150 ppm) and four replications was employed for 

experimental layout. Seedlings of wheat variety NARC-2009 were transplanted to pots. Pot soil was soaked with 

SNPs solution up to field capacity levels and distilled water was applied in control treatment. SNPs significantly 

enhanced most of the growth and yield attributes NPK uptake and nutrient use efficiency of wheat. Silver 

nanoparticles in 25ppm concentration have showed significant improvement in maximum leaf area and highest 

grain yield while 75ppm concentration resulted in decrease in grain yield. So silver nanoparticles have 

stimulatory as well as inhibitory effect on wheat growth and yield.  
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Introduction  

Production and quality of food can be improved by 

modern technologies which can meet ever increasing 

world food demand in environment friendly way 

(Wheeler, 2005). Nanotechnology seems to have 

potential for addressing the problem of food security 

(Anonymous, 2009). 

 

Application of nano particles in agriculture and food 

system can reform the field by detection of diseases, 

resistance against diseases, targeted delivery, 

promoting the efficiency of plants to uptake more 

nutrients; endure environmental pressure and 

efficient system for processing and storage (Mousavi 

and Rezaei, 2011). It offers a new dimension for 

selection and dispensation of those resources that 

improve the eminence of product (Sharon et al., 

2010). 

 

Silver nano particles (SNPs) are excellent material 

having antibacterial, antifungal properties and are 

used in food and agriculture such as food security, 

food packaging and pathogen detection (Quardos and 

Mar, 2010). It has great influence on plant growth 

and development such as germination, root-shoot 

ratio, seedling growth, root growth, root elongation, 

and senescence inhibition (Ma et al., 2010; Shah and 

Belozerova, 2009). Nano-bentonite and nano active 

carbon coated nitrogen fertilizer increased the 

absorption and transportation of N, P, K to seed and 

yield of rice significantly (Wang et al., 2011). Nano 

carbon as slow release fertilizer increased chlorophyll 

content, grain yield and nitrogen use efficiency of rice 

(Wu et al., 2010). Application of control release 

fertilizer coated by nano-material increased Chinese 

cabbage yield and improved nutrient use efficiency 

significantly as compared to common straight 

fertilizer (Ding et al., 2009). 

 

Use of mineral fertilizers has played an important role 

for the survival of mankind in terms of increasing 

yield (Smil, 2001; Stewart et al., 2005), maintaining 

soil productivity and fertility (Balmford et al., 2005). 

Nutrient removal is a major cause for low crop yield 

in parts of the developing world. In Pakistan, 50% 

losses occur due to low nutrient use efficiency (Zia et 

al., 1991). Moreover, socio-economic constraints have 

made it more imperative to increase nutrient use 

efficiency. Hence, increasing nutrient use efficiency 

continues to be a major challenge for world 

agriculture, and nano technology can potentially 

address this issue. Therefore, present study was 

carried out to explore the role of SNPs to enhance 

wheat growth, yield and nutrient use efficiency. 

 

Materials and methods 

Synthesis of Silver Nano Particles 

Silver nano particles synthesized chemically by the 

reduction of silver nitrate (AgNO3) with tri-sodium 

citrate dehydrate (Kulkarni, 2007) as below: 

3AgNO3 + Na3C6H5O7.2H2O                           C6H5O7 + 

3NaNO3 +CO2 +3Ag+2H2O 

 

Silver nano particles were prepared by reducing 510 

mg of AgNO3 by 294 mg of Na3C6H5O7.2H2O through 

continuous stirring (6000-7000 rpm) at 70 ºC on a 

magnetic stirrer, until golden color appeared. 

Ascorbic acid @ 1mg/L was used as stabilizing agent. 

This reaction ultimately produced a solution of 

approximately 300 ppm SNPs. Dilutions were made 

from stock solution for application of treatments. Size 

of SNPs was determined by X-Ray Diffraction (XRD) 

which revealed that particles size ranged between 10-

20 nm (Fig. 1). 

 

Experimental Procedure 

Wheat variety NARC-2009 was grown for this 

experiment. Completely randomized design (CRD) 

with four replications and seven treatments was 

employed for experimental layout. Treatments 

included:  25, 50, 75, 100, 125 and 150 ppm of SNPs 

and only distilled water served as control. Sterilized 

seeds of wheat were placed in petri dishes containing 

three layers of filter papers for germination. Distilled 

water (15 mL) was added to soak filter papers 

uniformly. Pots were filled with equal amount of 

thoroughly mixed 15 kg soil. Soil analysis was 

performed before the experiment for nutrient status 

of soil. Recommended doses of N, P, K (90, 60 and 60 

kg ha-1) were applied by using urea, diammonium 
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phosphate and potassium chloride respectively. 

Calculated amount of N, P and K based on 

recommended doses @ 0.73, 0.65 and 0.5 g/pot were 

applied in pots. Ten seedlings were transplanted to 

each clay pot. Solutions equivalent to field capacity 

containing different concentrations of SNPs were 

applied to pots. Water was applied to pots in equal 

amount when needed. Soil was analysed with the 

procedures as: soil pH (Gupta 2006), electrical 

conductivity (Richard, 1954), nitrate-nitrogen 

(Vandrell and Zupanic 1990), phosphorous (Olsen et 

al. 1954) and potassium (Helmke and Sparks 1996) in 

the lab. Data on the following plant parameters were 

collected to evaluate the effect of SNPs on nutrient 

use efficiency. 

 

At flag leaf stage, fully expended three leaves were 

selected, leaf area was measured by using leaf area 

meter and average value of three leaves was recorded. 

From each pot one plant was taken at flag leaf stage. 

Shoots were separated from roots. Fresh weight (FW) 

was recorded by using electrical balance. Shoots were 

dried at 70 ºC in oven. After 36 hours dry weight 

(DW) was recorded. Chlorophyll content determines 

the growth and development of the plants. It was 

recorded by using SPAD chlorophyll meter. From 

each pot three representative plants were selected and 

chlorophyll content was measured. Average values 

were used for statistical analysis. At maturity, plants 

were harvested and different yield parameters were 

recorded. Five plants from each pot were selected and 

data on number of grains/spike, 100 grains weight (g) 

and grain yield/pot (g) was recorded. 

 

Nutrient use efficiency (NUE) for N, P and K was 

calculated by the following formula. 

 

 

 

Statistical analysis 

Analysis of variance was determined and means were 

compared by employing Least Significant Difference 

(LSD) Test at 5 % level of probability. The statistical 

work was done using the computer based statistical 

package MSTATC following Steel et al., (1997). 

 

Results and discussion 

Soil analysis results are presented in the (Table-1). 

The pH of the soil was 7.09, electrical conductivity 

0.79 dSm-1, nitrate nitrogen 0.035 mgkg-1, available 

phosphorous 5.30 mgkg-1 and available potassium is 

80.0 mg kg-1.  

 

Table 1.Soil used for wheat cultivar NARC-2009. 

Soil Depth Electrical Conductivity (dSm-1) pH Nitrate Nitrogen (mg kg-

1) 

Available Phosphorous (mg kg-

1) 

Available Potassium (mg kg-1) 

0-15cm 0.79 7.09 0.035 5.30 80 

 

Wheat Growth Attributes 

Different treatments of SNPs greatly affected the leaf 

area (Table-2).Maximum leaf area (19.7 cm2) was 

with 25 ppm of SNPs followed by 50 ppm (18.18 cm2) 

SNPs, while in  control it was (15.0 cm2). Further 

increase in concentration of SNPs reduced the leaf 

area. Liu et al., (2005) reported that nano calcium 

carbonate increased leaf area of peanut significantly. 

Shoot fresh weight and dry weight did not increase by  

the application of SNPs. 

Significantly at 5% probability level higher shoot fresh 

weight (4.75 g) and dry weight (0.90 g) were recorded 

in control where SNPs were not applied. The lowest 

shoot fresh weight (0.10 g) and dry weight (0.03 g) 

were recorded at 150 ppm of SNPs applied. Increasing 

concentration of SNPs significantly reduced shoot 

fresh weight and dry weight of wheat plant. Similar 

results were reported by Mirzajani et al., (2013) in 

rice with application of SNPs.  
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Lin and Xing (2008) found that in the presence of 

ZnO nano particles rye grass biomass reduced 

significantly. When Phaselous radiatus, Sorghum 

bicolor and Lolium multiflorum were subjected to 

SNPs, reduced root growth, root length and biomass 

were observed (Yin et al., 2011; Lee et al., 2012). 

 

Chlorophyll content of wheat plant differed 

significantly by application of SNPs (Table 2). 

Maximum chlorophyll content (51.2) was recorded at 

75 ppm followed by 100 ppm (46.1) of SNPs as 

compare where as in control, it was (45.1). The lowest 

chlorophyll content (39.8) was recorded at 150 ppm 

of SNPs. Application of nano TiO2 increased 45% 

chlorophyll formation and three times more 

photosynthesis rate in spinach (Zhang et al., 2005). 

Gao et al., (2006) tested that Spinacia oleracia 

treated with nano-anatse TiO2 induced 2.67 times 

more activity of rubisco carboxylase than that of 

control. Hence, nano anatse promoted photosynthesis 

by molecular mechanism of carbon reaction. SNPs 

induced enhancement of chlorophyll content may 

enhance photosynthesis leading to more production 

of bio-mass and yield. 

 

Table 2. Effect of silver nano particles on leaf area, shoot fresh weight, shoot dry  weight and chlorophyll content 

of wheat cultivar NARC-2009. 

Treatments Leaf Area(cm-2)± S.E Shoot Fresh Weight (g)± S.E Shoot Dry Weight (g)± S.E Chlorophyll Content± S.E 

0 ppm 14.96 e±0.13 4.75 a±0.02 0.90 a±0.01 45.09 b±0.01 

25 ppm 19.65a±0.13 4.05 b±0.01 0.82 b±0.01 45.58 b±0.01 

50 ppm 18.19 b±0.46 4.00 b±0.01 0.73 c±0.01 45.85 b±0.02 

75 ppm 17.05 c±0.45 4.04 b±0.01 0.67 d±0.01 51.18 a±0.72 

100 ppm 16.26 d±0.18 3.21 c±0.01 0.60e±0.01 46.09 b±0.01 

125 ppm 12.73 f±0.16 3.06 d±0.01 0.45 f±0.01 43.55 b±0.01 

150 ppm 10.04 g±0.14 2.10e±0.01 0.32 g±0.01 39.75 c±0.02 

LSD Values 0.31 0.10 0.03 2.79 

 

Means sharing common letters in column do not differ significantly at 5% probability level. 

Wheat yield components 

Effect of different concentration of SNPs on number 

of grains/spike, 100 grains weight and yield is 

presented in (Table-3). SNPs applied @ 25 ppm 

produced significantly greater number of grains/spike 

(29.0) followed by 75 ppm (25.0). The lowest number 

of grains/spike (11.5) was recorded with 150 ppm of 

SNPs applied. Significant differences were observed 

among treatments for 100 grain weight. Maximum 

100 grain weight (4.73 g) was produced with 50 ppm 

followed by 25 ppm (4.66 g) of SNPs against control 

(3.25 g). Minimum 100 grain weight (3.78 g) was 

recorded with 150 ppm treatment at 5% probability 

level. Maximum grain yield (13.3 g) was obtained with 

25 ppm SNPs followed by 50 ppm (12.45 g) as 

compare to control (7.18 g) where no SNPs were 

applied. SNPs increased the yield may be due to 

growth, stimulating effect of silver (Sharon et al. 

2010). Effect of SNPs on wheat yield has not been 

reported. Other particles like iron oxide significantly  

increased soybean yield (Sheikhbaglou et al., 2010). 

Nutrient use efficiency (NUE) 

Effect of SNPs on nutrient use efficiency is presented 

in (Table-4). The highest nitrogen use efficiency (74.3 

%) was observed with 25 ppm of SNPs. Further 

increase in concentration of SNPs was accompanied 

by significantly reduction in nitrogen use efficiency. 

The lowest nitrogen use efficiency (36.4 %) was 

observed with 150 ppm of SNPs applied. It seems that 

lower concentration of SNPs (25 ppm) significantly 

enhanced NUE. Effect of SNPs on nitrogen use 

efficiency has not been reported. Other nano particles 

like TiO2 enhanced growth of spinach by absorbing 

more nitrogen (Yang et al., 2007). Nano blended 

fertilizer were also found to enhance nitrogen use 

efficiency. Slow and controlled release fertilizer 

coated and blended by nano materials significantly 

increased nitrogen use efficiency and yield of wheat 

(Zhang et al., 2006).  
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It has been reported that sulfur nano particles and 

SiO2 nano particles as nano blended fertilizer 

improved growth and nutrient use efficiency (Ding 

and Wu, 2005). 

 

Potassium use efficiency also differed significantly in 

plants treated with SNPs. Significantly higher 

potassium use efficiency (89.0 %) was recorded with 

25 ppm of SNPs followed by 50 ppm (79.3 %). Higher 

concentrations of SNPs from 100-125 ppm (59.4 % 

and 54.5 %) respectively significantly decreased 

potassium use efficiency 

in comparison to control. SNPs have never been used 

with the objective to enhance nutrient use efficiency. 

Other nano particles like nano SiO2 and TiO2 when 

applied to soybean increased absorption of water and 

fertilizers (Lu et al., 2002). Slow release fertilizer 

blended with nano carbon increased grain yield and 

N, P, K use efficiency remarkably of super hybrid rice 

(Wu et al. 2010). Nano-bentonite and nano-active 

carbon coated nitrogen fertilizer increased absorption 

and transportation of N, P, K to seed and increase 

yield in rice significantly (Wang et al., 2011).  

 

Table 3.Effect of silver nano particles on number of grains/spike, 100-grains  weight and yield/pot of the wheat 

cultivar NARC-2009. 

Treatments No of Grains/Spike ± S.E 100-Grain Weight ± S.E Yield/Pot (g) ± S.E 

0 ppm 18.5 c±0.18 3.35e±0.012 7.18 c±0.02 

25 ppm 29.0a±0.31 4.66ab±0.02 13.25 a±0.02 

50 ppm 22.0bc±0.31 4.73a±0.02 12.45 a±0.34 

75 ppm 25.0b±0.54 4.40 c±0.02 10.40 b±0.10 

100 ppm 22.3 b±0.27 4.43 bc±0.03 10.36 b±0.11 

125 ppm 22.5 b±0.34 3.94 d±0.02 9.90b±0.08 

150 ppm 11.5 d±0.34 3.78 d±0.03 9.73 b±0.06 

LSD values 3.52 0.25 1.77 

Means sharing common letters in column do not differ significantly at 5% probability level. 

 

Table 4.Effect of silver nano particles on nitrogen, phosphorous and potassium use efficiency of wheat cultivar 

NARC-2009. 

Treatments Nitrogen Use Efficiency (%) ± 

S.E 

Potassium Use Efficiency (%) ± 

S.E 

Phosphorous Use Efficiency (%) ± 

S.E 

0 ppm 69.75 b ±0.09 69.00 c ±0.06 68.44 b ±0.06 

25 ppm 74.25 a ±0.09 89.03 a ±0.05 72.53 a ±0.06 

50 ppm 55.13 c ±0.12 79.25 b ±0.04 61.15 c ±0.11 

75 ppm 41.38 d ±0.07 61.06 e ±0.11 46.79 d ±0.03 

100 ppm 40.88 de ±0.17 59.41 f ±0.06 47.30 d ±0.06 

125 ppm 39.56 e ±0.19 54.50 g ±0.05 43.50 e ±0.08 

150 ppm 36.38 f ±0.18 67.88 d ±0.05 41.28 f ±0.04 

LSD Values 1.42 0.66 0.6851 

Means sharing common letters in column do not differ significantly at 5% probability level. 

The SNPs also affected phosphorous use efficiency 

significantly. Maximum phosphorous use efficiency 

(72.5 %) was observed with 25 ppm of SNPs followed 

by control (68.43 %). Decrease in phosphorous use 

efficiency of wheat was observed by further increase 

in concentration of SNPs from 50-150 ppm. 

Minimum phosphorous use efficiency (41.3 %) was 

observed with 150 ppm SNPs applied. 

Use of SNPs on phosphorous use efficiency has not 

been investigated earlier. Some other materials like 

nano blended composite fertilizer contain all macro 

and micro nutrients. Manure and amino acids 

significantly increased uptake of N, P, K and NUE by 

grain crops (Chinnumuthu and Boopathi, 2009). 

Nano blended organic iron chelated fertilizer 

increased 3.5 times more photosynthesis, 70% more 

leaf area and 20-200% production by increasing 

nutrient use efficiency (Moghadam et al., 2012). 
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Fig. 1.X-Ray Diffraction analysis of silver nano particles. 

These results revealed that application of SNPs can 

significantly affect nutrient use efficiency of wheat. 

Application of 25 ppm SNPs significantly increased N, 

P and K use efficiency. Further increase in SNPs 

caused progressive decline in nutrient use efficiency. 

 

Conclusion 

Results of present study demonstrated that by the 

application of silver nano particles, most of the 

parameters of growth and development improved. 

Silver nano particles @25 ppm significantly enhanced 

leaf area, yield and N, P and K use efficiency. 

However, SNPs @ 75 ppm increased chlorophyll 

content and SNPS @ 50 ppm produced more number 

of grains. Ultimately, it can be inferred that SNPs can 

play a crucial rule for enhancing wheat growth by 

improving NUE. Application of 25 ppm SNPs seems 

to be the most appropriate concentration for this 

purpose. 
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