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Abstract  
 

In today’s era, carbon nanomaterials and their unique properties are of very much 
importance as they are used in many applications in various fields like biomedical 
electronics, solar cells, high energy efficient renewable energy production, biosensors and 
many more.In recent years, application of carbon nanotubes in agriculture and 
plantresearch is of prime interest. This short review article aims to explore the range of 
carbon nanomaterials available or synthesized using different routes and the applications 
of carbon nanomaterials as biosensors, agricultural, applicationswith the status of research 

regarding the use of carbon nanomaterials on plant growth and development. 
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Introduction 
 

arbon the word that has a long history. From the ancient times, charcoal was used 
for water purification and many other applications. The various forms of the carbon 
nanomaterials are of interest due to their unique chemical and physical properties 

which results into variety ofapplications [1–2]. Carbon nanomaterials have many properties 
but most important properties are high thermal and electrical conductivity compared to 
other conductive materials [3]. There are physical and chemical methods to synthesis the 
carbon nanomaterials. The carbon nanoparticles can be synthesized by physical and also 
by simple and cost effective chemical methods. Along with the other applications of carbon 
nanoparticles they are widely explored in biotechnology.The carbon nanomaterials are 
used in water purification.Carbon nanoparticles have an ability to induce bio-stimulation in 
plants, which affects growth and development in plants [4].Elsy R. L. et. al.[5] reported 
that, seed priming with carbon nanomaterials induced favorable responses in the 
development of the tomato crop. His results indicated that the treatment of tomato 
seedswith carbon nanomaterials could be a good option to induce bio-stimulation.Zhang et 
al. [6] showed that the application of grapheme oxideincreased the incubation of tomato 
seeds. 
 
1. Different Forms of Carbon Nanoparticles and Methods of Synthesis 
 
1.1 Carbon Nanoparticles Classification 
 The carbon nanoparticles are of different types. In these particles carbon is the 
main content. They can be used in any of the form like graphene, carbon nanofibers, 
carbon black, carbon nanotubes (CNT’s) and fullerenes. 
 
1.1.1 Graphene 

The single layers of carbon atoms tightly packed into a two-dimensional (2D) 
honeycomb like crystal lattice is called graphene. It is highly conducting except the 
direction perpendicular to the single layers because of the weak Van der Waals forces. This 
name was introduced by Boehm, Setton, and Stumpp in 1994 , They obtained graphene in 
the form of small flakes of few micron using scotch tape [7]. On large scale and with 
fascinating properties the graphene can be synthesized using various methods like 
mechanical, chemical exfoliation, microwave assisted or chemical synthesis, chemical vapor 
depositions etc. The sizes, desired formscan be obtained by using these synthesis methods 
to get the different properties. In mechanical exfoliation, Adhesive tape when peeled off 
from surface of sample of graphite.The flakes of graphite that adhere to the tape are 
cleaved preferentially along the plane of the crystal [8]. 

 
1.1.2 Carbon Nanofibers (CNF) 
 The carbon nanofibers are nothing but fiber like structure whose dimensions are in 
nano size. The conventional carbon nanofibers are having dimensions in micrometers 
where as the carbon nano fibers have the dimensions in 50- 200 nm [9]. Depending upon 
size and the required properties CNF’s can be synthesized by using polyacrylonitrile, coal-
tar or petroleum pitches and by using carbon containing vapors accordingly they can be 
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classified as PAN fibers,pitch-based fibers and vapor-grown carbon fibers[10]. These 
Carbon nanofibers have great potential as a resource material because of its fascinating 
properties like superior strength, durability, high conductivity and flexibility. However the 
synthesis of the CNF is quite complex and puts the limitations on its use [11]. Yuxia et al 
[12] synthesized carbon nanofibers using solid state carbon powder and chemically 
oxidizing it in the presence of metal catalyst.CNF’s can also be prepared by the 
decomposition of liquid organic waste as prepared by Ali and his co-worker[13]. The 
decomposition method is most common method used for the synthesis of carbon nano 
materials. The common sources that contain the carbon and can be used in decomposition 
are methane, ethylene, acetylene, or benzene, and carbon monoxide etc.[14] 
 
1.1.3 Carbon Nanotubes (CNT’s) 

Carbon nanotubes (CNT’s) are the tubes which are made up of carbon having 
diameter of the order of nanometers. They are of two types 
 
1.1.3.1 Single-Walled Carbon Nanotubes (SWCNT’s) 

The SWCNT’s consist of the single cylindrical layer of the order of few nanometers 
, depending upon the temperature at which they are prepared. Single-walled carbon 
nanotubes were synthesized by Anna Moisala et.al [15] using laminar flow reactor in the 
temperature range of 600-1300 0C. Zujin and his co-workers synthesized SWCNT’s by 
using arc-discharge method[16]. 
 
1.1.3.2 Multi-Walled Carbon Nanotubes (MWCNT’s) 

Multi-walled carbon nanotubes have many layers of graphene and having good 
strength as compare to SWCNT’s. The MWCNT’s can be synthesized using various 
methods. T. Arunkumar et al [17]. 
 
2. Application of Carbon Nanomaterials in Agricultural Field 
 Along with the applications of these carbon nanomaterials in various fields like 
solar energy, supercapacitor, automotive industry and many more, these carbon 
nanomaterials are widely used in biology fields. They can be used as soil improver, 
fertilizer , slow release fertilizer, pesticides or as a biosesnsor. Carbon nanoparticles in 
various forms (CNT’s, Grapheneetc) are widely used in agricultural industry to increase the 
productivity of crop by using plant growth promoters,fertilizers etc.Mariya K [18] reported 
the effective tomato seed germination and also faster growth of plant with the carbon 
nanotubes medium. Substantial seed germination and  post-germination growth is 
observed by Hanna B. et. al [19] with the water soluble carbon nanoparticles.The positive 
effect on growth of wheat plant is observed by the use of Biochar which contains the 
carbon nanoparticles [20]. Biochar is nothing but a charcoal which can be prepared by  
thermal decomposition of material in inert atmosphere or in absence of oxygen. So carbon 
nanoparticles can be used as fertilizer. Carbon nanoparticles induces the early flowering in 
plants like Arabidopsis thaliana as reported by Abhishek Kumar et. al.[21]. However, there 
are negative effects also SWCNT’s showed the negative effect on Arabidopsis and rice leaf 
protoplast [22]. 
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Conclusion 

Carbon nanomaterials can be synthesized by various methods to obtain in different 
forms. These materials have very fascinating physico-chemical properties and have great 
advantages for utilization inagricultural and other fields.  
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