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ABSTRACT 

Synthesis of carbon nanomaterials was carried out by a simple and eco-friendly 

method by using mustard oil. Their effect on the seed germination and seedling growth of 

Allium cepa L. Var. Phule  Suvarna was studied. Mustard oil was burned to obtain the carbon 

soot. Characterization was carried out by X-ray diffraction and Scanning Electron 

Microscopy. Carbon soot was made water soluble by treating with concentrated HNO3. The 

effects of carbon nanomaterials on the seed germination and seedling growth were examined. 

Seed germination was enhanced at 80 µg/ml of carbon nanomaterials. Shoot and root growth 

as well as dry matter production were increased manifold at the same concentration. The 

stimulation of seed germination and enhancement of seedling growth in onion (A. cepa L.) 

Var. Phule Suvarna at 80 µg/ml indicated that carbon nanomaterials stimulate plant growth.  
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INTRODUCTION 

To fulfil the needs of increasing population such as food and energy exerted a pressure on 

the limited harvesting land on the earth.  Now a day, harvesting more crop yield using novel 

agro-technologies became the most essential study. Among the latest lines of technological 

innovations, nanotechnology occupies a prominent position in transforming agriculture and 

food production. Nanodevices and nanomaterialshave found novel applications in plant 

biotechnology and agriculture [1]. Currently, the main thrust of research in nanotechnology 

focuses on applications in the field of medicine [2] and life sciences [3]. Use of nanoscale 

devices with novel properties well-groomed the agricultural systems. Such devices are 

capable of responding to different situations by themselves, thus taking appropriate remedial 

action.  

The application of carbon nanotubes (CNTs) in agriculture is a newly up- coming area of 

research. CNTs have capacity to traverse across both the plant cell wall and cell membrane 

[4,5]. Therefore, currently there has been immense emphasis on the development of carbon 

nanomaterials for the agro-applications.  The large scale synthesis of carbon nanotubes was 

done [6]. There are several methods such as electric arc discharge [7], electrolysis metal salts 



International Journal of Advanced Scientific and Technical Research           Issue 4 volume 2, March-April 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 863 
 

with graphite electrodes [8] and laser-ablation [9] are being used for the synthesis of multi-

walled carbon nanotubes (MWCNTs).  

Synthesis of water-soluble carbon nanotubes is an important topic because such materials 

have potential applications in biology and material science. It has been reported that water-

soluble carbon nanotubes can be produced by functionalization with polymers ([11-18]  

crown ethers [19], glucosamines [20], biological molecules such as DNA [21], peptides [22], 

proteins [23] and through sidewall functionalization [24], physical wrapping or encapsulation 

of carbon nanotubes with polyvinylpyrrolidone (PVP) and polystyrene sulfonate [25] and 

surfactants [26]. Concentrated HNO3 (68%) has been recommended to open up the ends of 

CNTs [27]. Carbon nanomaterials were made water soluble using H2SO4-HNO3 (3:2 by 

volume) [28] and concentrated HNO3 [29]. Carbon nanomaterials were obtained from carbon 

soot. Carbon soot from mustard oil was modified to make water soluble carbon nanomaterials 

of desired stoichiometry, size and morphology [30].  

 In the present study, we report the synthesis of carbon nanomaterials by a simple and 

eco-friendly method. Synthesized carbon nanomaterials were made water soluble by 

treatment with concentrated HNO3, for agro-applications.Their effect on the seed germination 

and seedling growth of onion (Allium cepa L.) was studied. 

MATERIALS AND METHODS 

 Carbon nanomaterials were synthesized from soot. The raw carbon soot was produced 

using stainless steel pot from the top of the flame by burning mustard oil using cotton wick in 

insufficient air. The dried sample was used for the further study. X-ray diffraction spectra 

were recorded on a RIGAKUD/MAX-2200V machine operating in the Bragg configuration 

using CuKα- radiation ( λ = 1.541 A
o
) and Ni filter. The surface morphology and particle size 

were determined using a Field Emission Scanning Electron Microscope (Philips-XL-30). 

Water soluble carbon nanomaterials were produced by keeping  2 g carbon soot in 

100 ml concentrated nitric acid for 24 h. Excess of nitric acid was removed and black mass 

washed with distilled water several times till it was neutral. Repeated adding of water and 

evaporation under boiling water bath removed all traces of nitric acid. The nitric acid free 

final wash was tested using Griess reagent [31]. The black mass was vacuum dried and 

subjected to analysis. Carbon nanomaterials thus formed became water soluble after 

sonication. 

A hormone-free Murashige and Skoog (MS) medium [32] was prepared for the study 

of seed germination and seedling growth. MS medium was supplemented with increasing 

concentrations (40, 80 and 100 µg/ml) of water soluble carbon nanomaterials. MS medium 

without carbon nanomaterials served as control. Five bottles of each concentration were 

prepared. Commercially available onion seeds (A. cepa L.) Var. Phule Suvarna were procured 

from the local market.  Surface sterilization of these seeds was carried out by keeping in the 

0.1% HgCl2 solution for 10 min. After surface sterilization, all traces of HgCl2 removed by 

three times washing with sterilized distilled water. Twenty surface sterilized seeds were 

inoculated on the MS medium supplemented with increasing concentrations (40, 80 and 100 
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µg/ml) of water soluble carbon nanomaterials in bottles for the study of seedling growth. 

Inoculation of bottles was carried out under aseptic conditions in the laminar airflow cabinet 

and incubated at 25±2 
o
C temperature and 3000 lux light intensity in the culture room. 

Surface sterilized seeds were used for germination study by using same procedure in the 

petriplates on the sterilized filter paper at room temperature. 10 ml solution of carbon 

nanomaterials of each concentration was added in the respective petriplates. This experiment 

was also carried out in five sets. 

RESULTS 

The XRD pattern of carbon nanomaterials is shown in Figure1. The diffraction peaks 

were observed at 24.8° and 43.5° can be attributed to the hexagonal graphite structures. The 

XRD pattern shows the less crystalline behaviour, which may be due to soft carbon 

nanomaterials. The average particles size 25 nm was obtained using the Scherrer formula.
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Figure 1 : XRD spectrum of carbon nano materials 
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Figure 2:  FE-SEM Photographs (a), (b), (c) of carbon anomaterials and (d) Multi Wall 

Carbon nanotube materials 

Figure 2a, b, c and d shows the field emission scanning electron micrograph (FE-

SEM) of as synthesized carbon nonmaterials.  Low magnification FE-SEM image (Figure 2a, 

b and c) shows some spherical bucky balls, elliptical nanoparticles and elongated nanotubes. 

Higher magnification of FE-SEM image as shown in Figure 2d, clearly shows some 

MWCNTs of length 400 nm and diameter 75 nm, while, the spherical particles have the size 

in the range 27 nm to 45 nm, which closely matching with XRD results. However, to obtain 

the single phase crystalline carbon nanomaterials, the work is in progress. To envisage the 

application of these carbon nanomaterials, we have used as synthesized material for further 

study. 

The results of seed germination are presented in the Table 1. It shows the comparative 

study of different concentrations of water soluble carbon nanomaterials. The highest 

percentage of seed germination (40%) was recorded at 80 µg/ml carbon nanomatrials and at 

100 µg/ml carbonnanomaterials it was declined. Effect of carbon nanomaterials on the 

germination of onion (A. cepa L.) Var. Phule Suvarna (Table 1) suggested that 80 µg/ml 

concentrations of water soluble carbon nanomaterials was highly effective on the seed 

germination. 

 

Table 1 Effect of increasing concentration of carbon nanomaterials on the seed 

germination of onion (Allium cepaL.) Var. Phule Suvarna 

 

Sr. No. Concentration 

of carbon 

nanomaterials 

µg/ml 

% of seed 

germination 

1 0.0 13.30 

2 20 20.00 

3 40 26.36 

4 60 33.33 

5 80 40.00 

6 100 33.33 

c d 



International Journal of Advanced Scientific and Technical Research           Issue 4 volume 2, March-April 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 866 
 

Table 2 Effect of increasing concentration of carbon nanomatrials on the in-vitro 

seedling growth of onion (Allium cepaL.) Var. Phule Suvarna 

 

 

 

 

 

 

 

 

 

Treatment Shoot 

length 

cm 

Root 

length 

cm 

Dry mass 

mg 

Control 2.75±0.15 1.07±0.09 0.2±0.01   

40 µg/ml 21.5±1.22 8.25±0.79 1.65±0.02 

80 µg/ml 32.5±2.59 9.5 ± 1.70 2.57±0.12 

Figure 3: Effect of carbon nanomaterials on the in-vitro growth of seedlings of 

onion (Allium cepa L.) ver. Phule Suvarna 
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Figure 3 shows the seedling growth of onion. The actual shoot and root 

growth was measured. The germination of seeds in bottles was started after 96 h. 

Seedling growth was measured after 25 days. Shoot length was 7.81 fold (21.5 ± 

1.22 cm) of control at 40 µg/ml and 11.81 fold (32.5 ± 2.59 cm) of control at 80 

µg/ml. The root length at 40 µg/ml was 7.71 fold (8.25 ± 0.79 cm) and at µg/ml was 

8.87 fold (9.5± 1.70 cm) of control. The dry matter production at 40 µg/ml was 8.25 

fold (1.65 ± 0.02 mg) of control and at 80 µg/ml  it was 12.88 fold (2.576 ± 0.12 mg) 

of control. 

DISCUSSION 

A significant increase in shoot length, root length and dry matter production 

of onion (A. cepa L.) var. PhuleSuvarnawas recorded at 80µg/ml
 
(Table 2). This 

significant increase may be due to the penetration of seed coat by carbon 

nanomaterials [5].  Similar results are reported in tomato at 40 µg/ml carbon 

nanotubes [5] and also in gram (Cicer arietinum L.) [33]. They suggested that water 

is not only occupies these channels but also molecule transport takes place faster 

inside the plant via xylem where water soluble CNT acts as membrane that offers 

both high selectivity and high flux. This results into frictionless and very rapid flow. 

It might be possible that water soluble carbon nanomaterials after attaching with the 

root surface of inner portion of the root (such as vascular bundles, cortical region 

etc.) enhance the capillary action of water absorption [34]. Some other studies also 

support the positive effect of multi-walled carbon nanotubes on seed germination 

and root growth of six different crop species [35]. Carbon nanotubes treatment 

increased growth and yield of Bt cotton [36]. Tomato plants grown on carbon 

nanotubes supplemented soil produced more flowers and fruits [37]. Phytotoxicity of 

carbon nanomaterialswas also observed in Brassica juncea and Phaseolus mungo 

[38]. We believe that our synthetic strategy would be useful for the development of 

ecofriendly carbon nanotubes to agro-nano technology. Further work in this direction 

is under progress in our laboratory. 

CONCLUSION 

In nutshell, the stimulation of germination and enhancement of growth many 

fold in onion (A. cepa L.) at 80 µg/ml CNTs indicated that carbon nanomaterials can 

boostplant growth. This study will have an important application in agriculture, 

forestry and horticulture to increase the production. The work is under progress to 

confirm the results up to maturity and on the other plants. 
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