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Abstract 
A subsidiary discipline that arose as a combination of biotechnology and nano-science is of “nano-biotechnology”, which 
involves wide-ranging applications of the physicochemical properties of nanostructures in the agricultural and biomedical 
domains. Nanotechnology has seen numerous breakthroughs and developments in a short course of time and given rise 
to newer branches of scientific research. Carbon derived nanomaterials, especially nanotubes (CNTs) have arisen as 
extremely promising nanostructures with a wide range of applications because of their unique properties. The thoughtful 
employment of CNTs, in the arena of plant development has resulted in an improvement in the growth parameters of 
diverse groups of plants. The uptake of carbon nanotubes (CNTs) influences the output of plants, potentially through 
interactions between the plant DNA and CNTs. The current review suggests the possibility of employing CNTs as a growth 
stimulating additive when administered in low doses, along with explaining the background of their occurrence and 
useful attributes. The review focusses on the potential of CNTs in transforming agricultural practices in the near future 
and providing sustainable solutions to some of the most serious problems plaguing plant growth and development. 
Finally, it emphasizes on the need for a detailed understanding of the molecular mechanisms which would pave the way 
for the use of these materials in agriculture, emerging as a novel technology. 
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It is popularly believed that nanotechnology is a recent 

development, pioneered by scientists like Richard Feynman, 

however, its practice has been prevalent since a long time in the 

form of ancient nanomedicine of Indian origins, Lycurgus Cup 

of Rome in the 4th century, coloured dyes on monument 

windows etc. Although, the current scenario is vastly different 

from its starting point. This scientific domain utilizes 

formulations at the scale of a nanometre which is of the order 

of 10-9 m which in the form of tubular nanostructure form 

nanotubes. Their uniquely small size renders them with 

distinctive properties like high surface area to volume ratio, 

quantum confinement, super paramagnetism, chemical 

reactivity, increased bioavailability etc. that is responsible for 

their applications in multiple areas. 

The area of carbon nanotubes or CNTs was initially 

discovered by Iijima [20], by means of transmission electron 

microscopy. These nanotubes, having two dimensions in the 

nanoscale are synthesized from a variety of starting substances 

like molybdenum, boron etc., but their most functionally 

diverse version is created from carbon. CNTs are concentric 

graphite cylinders closed at either end due to the presence of 

five-membered rings. Such nanotubes can be multi-walled 

(MWNTs) with a central tubule of nanometric diameter 

surrounded by graphite layers, or single-walled (SWNTs) 

having only the tubule and no graphite layers [47]. Nanotubes 

have been constructed with length to diameter ratio of up to 

132,000,000:1; significantly larger than for any other material.  

The nanotubes range in length from a few tens of nm to several 

μm, and in outer diameter from about 2.5 to 30 nm [17]. These 

cylindrical carbon molecules have unusual properties, which 

are valuable for nanotechnology, electronics, optics and other 

fields material science and technology. 

In recent years, utilization of carbon nanotubes has been 

investigated in numerous fields. Some of their popular uses are 

found in the electrical industry in devices like transistors, 

photovoltaic sensors, supercapacitors, conducting composites, 
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and electrodes. Due to their enhanced electrical conductivity 

and linear geometry, CNTs have also proved to be ideal 

candidates for connections in molecular electronics. 

Additionally, the higher aspect ratio of CNTs makes them 

capable of achieving an optimum conductivity even at lower 

loadings, unlike other conventional conductive fillers [1]. Their 

high toughness-to-weight attributes also prove valuable in fuel 

cells that are where durability is essential for efficient transport. 

Furthermore, their ability to carry a remarkably high current 

density is utilized in manufacturing CNT-based displays which 

show a greater efficiency in comparison to traditional cathode 

ray tube displays. Biomedical industry also finds significant 

application of carbon nanotubes due to their high compatibility 

in the human body. They readily conjugate with various 

diagnostic and therapeutic agents. CNTs are also being used to 

transfer DNA, which can easily bond to them. Air and water 

purification industry has also successfully commercialized the 

use of CNTs [4], [52]. 

 

 

Fig 1 Applications of carbon nanotubes 
 

Today, a number of complex challenges are being faced 

by the agricultural industry, which mainly include-management 

of biotic stresses, ensuring efficient use of water, reduction of 

environmental footprint of agriculture, optimal food production 

in changing climate, accommodation of bioenergy sources etc. 

The current research and development scenario depicts a pivotal 

role of nanotechnology in each of these areas. [49] Most 

importantly, an ever-increasing world population poses great 

challenges on the agricultural sector. These challenges can 

directly be overcome by a simultaneous increase in the yield of 

crops globally. 

 

A. Carbon nanotubes- Types and methods of synthesis 

Nano formulations tend to be smaller, faster and more 

energy efficient choices due to their ability to enter congested, 

confined spaces while maintaining advantageous properties. 

Their physical, mechanical, electrical, chemical and optical 

assets enhance their functionality and such nanomaterials can 

occur incidentally from natural sources like sea sprays, volcanic 

ash, mineral composites etc. or through human interventions 

based on requirement. One such engineered nanomaterial that 

is the focus of the current review is the carbon nanotube. 

CNTs are made of starting material of carbon in the form 

of fullerenes or graphite with diameters falling in the range of 

nanometres. These formulations are extremely flexible and 

strenuous, increasing their potential for usage as a novel class 

of nanomaterials (Fig 2). 

 

 

Fig 2 The structure of single-walled and multi-walled carbon 
nanotubes (SWCNTs and MWCNTs) 

 

Individual nanotubes naturally align themselves into 

“ropes” held together by Van-der-Waal’s forces, more 

specifically pi-stacking. CNTs are known to occur in two 

principal configurations: 

 

Table 1 Techniques for artificially synthesizing carbon nanotubes 

S. No. 
Methods of CNT 

Synthesis 
Working Principle Reference 

1. Carbon arc-discharge 

method 

Potential difference between graphite rod anode and cathode results in migration 

of carbon particles towards cathode at low temperatures for CNT condensation. 

Transition metals like Ni, Fe, Co favour SWCNT formation. Suitable catalyst 

increases purity of CNT produced. Yield is 30-90% 

 

[16], [25] 

2. Laser-ablation technique Vaporization of graphite due to shooting at 1200 °C in a reaction furnace, which 

is then carried to cold collectors via He or Ar gas. Uniform SWCNTs produced 

due to Co, Fe and Ni catalysts. Helps is high yield (~70%) and accurate control. 

Easily tunable diameter of CNTs produced by this method 

 

[30], [46] 

3. Chemical vapor 

deposition (CVD) 

Carbon precursor (fossil-based or botanical hydrocarbon) along with a catalyst 

form CNTs by decomposition due to injected gas via heat and plasma at 550-

1000 °C atm. Yield ranges between 20% to 100% 

 

[19], [46] 

4. Flame synthesis method Co-flow diffusion flame type. Catalysts: metal nitrate + TiO2 [31], [46] 

CNTs
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Single-walled carbon nanotubes (SWCNTs) can have 

diameters in the range 1-10 nm and possess only one layer of 

graphene. These require catalysts for synthesis and have high 

occurrence of defects during the process of functionalization. 

SWCNTs are comparatively less pure and their bulk synthesis 

is tedious because accurate proper control on growth and 

atmospheric condition. They are don’t get accumulated inside 

the human body easily and can be readily characterized and 

evaluated. SWCNTs are known to be highly pliable with easy 

twisting possible. 

 

Multi-walled carbon nanotubes (MWCNTs) have outer 

diameters which are quite large, depending on the number of 

multiple graphene layers. Inter-layer separation in multi-walled 

CNTs is 3.4A which is similar to that in graphite. The central 

tubule has a diameter of few nano-meters [47]. MWCNTs can 

be produced without involving catalysts and the probability of 

defects occurring during functionalization is minimized, 

however, they are difficult to improve after formation. They are 

comparatively purer than SWCNTs and have easier method of 

bulk synthesis. Their accumulation inside bodies is more and 

their complex multi-layered structure hinders characterization 

and evaluation, resulting in less flexible and pliable 

formulations  

While CNTs are found occurring in nature [29], they can 

also be synthesized artificially using different techniques (Ref. 

Table 1)  (Table 1) [46]. 

They exhibit unique electrical and thermal conductivity 

properties and are one of the most mechanically strong 

structures [56]. CNTs with certain surface modifications (called 

as ‘functionalization), Involving interactions like 

hydrophobicity and adsorption are utilized to increase 

properties of CNTs like biocompatibility and hydrophilicity 

(Fig 3). 

 

 

Fig 3 Advantages of using functionalized CNTs 
 

B. CNTs in the agricultural landscape 

There are a number of challenges being faced by the 

agricultural sector today, some of them being: 
 

• Management of biotic stresses 

• Increasing efficient use of water 

• Reduction of environmental footprint of agriculture 

• Food production in changing climate 

• Accommodation of bioenergy sources 

• Maintenance of abundant yields and safe food production 

Given the present circumstances of ever-increasing 

population it is a great challenge to meet the increasing food 

and nutritional requirements. As a result, the amount of food 

crops that are being cultivated in the various parts of the world 

also needs to increase. However, increased and persistent use of 

chemical fertilizers not only increase the toxicity of the crop on 

which they are being used but they also render the soil infertile 

and increase the salinity of the soil leaving it unsuitable for 

further agricultural purposes. As such the need of the hour is a 

new “Green Revolution” minus the use of chemical fertilizers 

for a sustainable increase in food production. Therefore, the use 

of carbon nanotubes comes aptly into play now given the fact 

that carbon is already an inherent part of all the biomolecules 

which might prove to be something ground-breaking in the 

coming agricultural prospective. The use of carbon nanotubes 

in plant cultures have shown an increase in the growth 

parameters in various plant systems. This indicates that the use 

of carbon nanotubes in enhancing plant growth is an exciting 

prospect that needs to be explored in detail. 

The current research and development scenario depicts a 

pivotal role of nanotechnology in this area. Nanotechnology 

envisages revolutionizing the agriculture sector and food 

systems [46]. An exponential growth in nanotube research in 

the past decade, has led to the emergence of new technologies 

with novel and exquisite applications of nanotechnology in 

agriculture sector and food systems. Studies show the 

applications of nanotechnology in the improvement of 

nutritional value of food, assessment of nanoscale nutrient 

delivery systems, harvesting energy and its conversion, 

livestock reproduction enhancement, sensing technology and 

enhancement of plant growth that primarily includes the 

increase in the root and shoot lengths of various agriculturally 

important crops.  

 

A. Effect of CNTs on plant growth and development 

The use of CNTs has a positive impact on plant growth 

and development, especially during the early stages of growth.  

Brassica juncae and Phaseolus mungo were evaluated for the 

effects of MWCNTs on germination and seedling growth. Both 

of them showed 100% germination, indicating non-hazardous 

nature of MWCNTs. B. Juncae seedlings showed dramatic 

increase in vegetative biomass at different CNT concentrations, 

specifically a 1.5-fold increase at 20µg/ml CNT concentration; 

and root length was inspired up to 138%, 202% and 135% with 

CNT concentrations of 10µg/ml, 20 µg/ml and 40 µg/ml 

respectively, thus suggesting beneficial effects of CNTs on B. 

Juncae seedlings [13], [39]. 

The finding that carbon nanotubes can penetrate the thick 

seed coat and support water uptake inside seed was based on the 

interaction of different concentration of CNTs (10- 40µg/ml) 

with the tomato seedling showing positive effect on their 

germination and growth rate. Tomato seeds when grown on MS 

medium supplemented with CNTs showed accelerated seed 

germination time and seedling growth. There was also a 2.5-

fold increase in vegetative biomass in seedlings along with 

enhanced water uptake [24]. MWCNTs at 40µg/ml 

concentration, showed maximum effect [40]. MWCNTs 

enhance water uptake by activating the gene expression of gene 

encoding water channel protein (LeAqp1). This was shown in a 

study with tomato plant where water channel protein was 

activated on exposure to functionalized MWCNTs. It was also 

exhibited that more negatively charged CNTs induce seed 

germination and plant growth significantly [59]. An experiment 

was carried out showing remarkable change in phenotype of 

tomato plant with significant increase in plant height, and two 

times more flowers and fruits as compared to the control at 

tested concentrations of 50 and 200 µg/mL of MWCNTs [24]. 

There was a significant increase in total number of fruits by 

65% and also, higher fresh and dry weight with 15.5% increase 

in average fresh weight per fruit and 22.7% increase in average 

dry weight per fruit [37]. 

Based on the two-delivery system for multiwalled 

carbon nanotubes (MWCNTs) i.e., sterile agar medium and 

deposition on seed surface, in three important agricultural 

plants (barley, maize and soyabean) showed positive affect of 

MWCNTs, as early seed germination and activation of growth 

in exposed seedling was observed. Analytical techniques such 
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as Raman spectroscopy and transmission electron microscopy 

(TEM) were used to prove the ability of MWCNTs to penetrate 

the seed coat by detecting nanotube agglomerates. It was shown 

that expression of seed-located water channel genes 

(aquaporins) increases significantly by using reverse 

transcription polymerase chain reaction (RT – PCR) thus 

supporting the hypothesis about the involvement of carbon 

nanotubes in low concentration in regulating the activity of 

water channels in plants exposed to MWCNTs [27]. Barley, 

soybean and corn when grown hydroponically with MWCNTs 

treatment exhibited positive phenotypic changes along with 

enhanced photosynthesis. Corn and barley showed increased 

shoot length and higher number of leaves [28]. The hypothesis 

that effectiveness of CNTs may depend on both plant species as 

well as on their distribution on the testa and root surface was 

supported by SEM analysis in the experiment conducted to 

study the effect of CNTs on germination and seedling growth 

of tomato, turnip, onion and radish. 

Effect of SWCNTs on Zea mays roots varies with tissue 

type. SWCNT treatment increases seminal root growth whereas 

it decreases the root hair growth [63]. MWCNTs are seen to 

enhance the germination of maize at low concentrations by 

improving water delivery [57]. CNTs exhibit both stimulatory 

and inhibitory effects on the growth of bean sprouts at a 

concentration of 100 and 1200 µg/mL respectively. Thus, it is 

inhibitory in an increasing dose-dependent manner along with 

altering pH of water even at low concentrations [32]. SWCNTs 

enhance length and growth of roots and stem in Ficus carica in 

low concentrations [11]. 

Correlation between the activation of cell growth and up-

regulation of the genes involved in cell division and cell wall 

formation as well as water transport was found via a study on 

tobacco cell culture when exposed to MWCNTs. Tobacco 

aquaporin (NtPIP1) gene and protein expression significantly 

increases in cells exposed to MWCNTs compared to control 

cells or the cells exposed to activated carbon which stimulated 

cell growth only at low concentration; along with an up-

regulation of marker genes for cell division (CycB) and cell 

wall extension (NtLRX1) [23]. 

When mesophyll cells of Arabidopsis thaliana were 

exposed to single walled carbon nanotubes, it showed dual 

phase regulation. In the low concentration that is less than or 

equal to 50 µg/ ml, SWCNTs stimulated plant cell to grow out 

trichome clusters on their surface. On the other hand, at 

concentration more than 50µg/ml, SWCNTs exhibit toxic 

effects such as increasing generation of reactive oxygen species 

(ROS), changing green leaves into yellow, inducing changes to 

protoplast morphology and inducing protoplast cell necrosis 

and apoptosis [66]. 

MWCNTs promote seedling growth of hybrid Bt-cotton 

both in vitro and in vivo. Seeds when grown in exposure to 

MWCNTs in vitro showed highest root and shoot length at a 

concentration of 60µg/ml; whereas in vivo, a significant 

increase was observed in plant height and number of leaves 

along with 2.8-fold increase in number of bolls per plant and 

1.85-fold increase in boll size at a concentration of 100µg/ml, 

thereby increasing the yield of Bt-cotton plant [42]. 

Aseptic culturing of leaf segments of Satureja 

khuzestanica with different MWCNTs’ concentrations showed 

significant improvement in growth of calli with increasing 

MWCNTs concentration, highest being around 50 µg/ml and 

decreasing at high concentrations. Moreover, at certain 

concentrations, MWCNTs could promote in vitro biosynthesis 

of valuable secondary metabolites and anti-oxidant drugs [14]. 

In Ricinus communis L. (castor plant), MWCNTs 

enhanced percentage of seed germination maximally at 

concentrations 50 and 100µg/ml. The length of radical and 

seedling, number of rootlets, seedling vigour, wet weight and 

dry weight were all found to be maximum at 100µg/ml 

concentration of MWCNTs [10]. 

A medicinal multipurpose plant, Dodonaea viscose L. 

(hopbush) showed a dramatic improvement in seed germination 

percentage, mean germination time, length of stem and root as 

well as their respective fresh and dry weight on exposure to 

MWCNTs. In increased drought stress conditions, MWCNTs 

significantly enhanced seed germination and other growth 

parameters at 50 and 10 mg/L concentrations [65]. Likewise, 

Hibiscus sabdariffa L., MWCNTs exhibited positive results in 

growth parameters. A significant increase was also found in 

bioactive constituents of water extracts from calyces. Untreated 

plants produced only four active compounds. On treatment with 

MWCNTs at a concentration of 500 mg/L, the plants produced 

12 active compounds and at a concentration of 1000mg/L, the 

plants produced 41 active compounds [2]. 

Bioenergy crops namely sorghum and switchgrass 

showed positive results on treatment with CNTs in seed 

germination. In switchgrass, there was a 20% and 19.6% 

increase in germination at concentration 50µg/mL and 

200µg/mL respectively. In sorghum, there was an increase of 

21.89% in germination at 50µg/mL CNT. Under salt stress, 

CNTs can reduce the suppression of seed germination, root and 

shoot length of switchgrass seeds [45]. Seed priming of wheat 

by MWCNTs influences its growth positively by causing early 

seed germination in addition to enhanced grain number, 

biomass, vascular bundle size and stomatal density. Larger root 

length and denser root hair were also observed, facilitating 

increased water and mineral uptake, thus resulting in faster 

growth and higher yield of wheat plant [22]. 

Differences in plant responses to functionalized and non-

functionalized CNTs were studied on six crop species (cabbage, 

carrot, cucumber, lettuce, onion and tomato). Root elongation 

was enhanced in onion and cucumber by CNTs; whereas it was 

inhibited in tomato and lettuce by CNTs and functionalized 

CNTs (fCNTs) respectively. No significant effect was observed 

in cabbage and carrots on exposure to either nanotube [6]. In 

contrast, based on the study of Zea mays L. exposed to different 

concentrations of SWCNTs spiked soil for 40 days showed that 

the uptake of different concentration of SWCNTs (0, 10, 100 

mg/kg) was independent of their functionalities (non-

functionalized, OH functionalized or surfactant stabilized) as in 

all the cases, SWCNTs accumulated mostly in roots (0 – 24 

µg/g), with minimal accumulation in stem and leaves as studied 

via microwave induced heating method. Similarly in different 

study on corn to determine plant physiological stress by 

measuring photosynthetic rate in plant, exposed to 10 mg/kg 

SWCNTs under optimum growth or water deficit conditions 

showed no significant difference between control and SWCNTs 

treatment [7]. 

In a research study to investigate the effect of carboxylic 

acid functionalized water-soluble carbon nanotubes on Cicer 

arietinum plant it was observed that with increased 

concentration of fCNTs, an increase in growth occurred, as in a 

control setup only 2 out of 5 plants survived while the plant 

grown in 100 µL and 200 µL solution showed 3 out of 5 and 4 

out of 5 survival rate respectively. An increase in the rate of 

water absorption can be considered as one of the reasons of this 

positive response since plant grown in distilled water showed 

least water absorption while plants grown with CNTs absorbed 

more water. Root length was also found to be highest in plants 

treated with CNTs [58]. 

Carboxylic acid functionalized MWCNTs promote plant 

growth and biomass production significantly, along with 

Res. Jr. Agril. Sci.                              1091                                                               CARAS 



accelerating the process of germination in wheat, maize, peanut 

and garlic at a concentration of 50µg/ml [53]. –OH 

functionalized CNTs increased germination percentage, 

germination index, plant biomass, root and shoot length, and 

number of leaves substantially in wheat and brinjal [26], [38]. 

Carbon nanotubes at a concentration of 100µg/ml 

promote rice seed germination and root growth and inhibit at 

higher concentrations [21]. Both SWCNTs and MWCNTs 

promote rice seedling growth. On exposure to CNTs, primary 

root length increased five-fold and crown root length increased 

by twice. An astonishing effect was observed in lateral roots 

whose length increased by 80% on being exposed to SWCNTs 

and by 700% on being exposed to MWCNTs for 7 days [62]. 

Use of f-MWCNTs in urea fertilizer for rice induces higher 

plant growth and increases number of panicles, grain yield, total 

dry weight and nitrogen absorption in comparison to pristine 

MWCNTs [64]. 

In an experiment to determine the effect of exposure of 

oxidized multiwalled carbon nanotubes (o-MWCNTs) with a 

length of 50 – 630 nm on development and physiology of wheat 

plant, it was found that o-MWCNTs significantly promote cell 

elongation and dehydrogenase activity resulting in faster root 

growth and higher content of biomass production. On 

examining the wheat plant exposed to different concentration of 

o-MWCNTs (10 to 160µg/ml) for 7 days an increase in 

vegetative biomass and faster root growth was observed but 

seed germination and stem length did not show any difference 

as compared with control. Analysis by transmission electron 

microscopy showed 1.4-fold increase in cell length of root zone 

and significant concentration dependent increase in the 

dehydrogenase activity [60]. 

Taunit, engineered nanoparticle containing multiwalled 

carbon nanotubes was found to enhance the growth of 

Onobrychis arenaria roots and stems and also augment the 

peroxidase activity in the seedling [51]. 

Interaction between commercial MWCNTs and 100mM 

NaCl treated broccoli plant, results in biochemical changes and 

promotes water uptake by retaining Na+ ions in the root. 

MWCNTs also induced changes in rigidity, permeability, lipid 

composition of root plasma as well as enhanced aquaporin 

transduction in salt stressed plants thus improving water uptake 

and transport [35]. 

SWCNTs at low concentrations could also alleviate 

drought-stress induced reduction in seed germination and plant 

growth through promoting water uptake and triggering plant’s 

defence system. This conclusion was reached by a study on 

Hyoscyamus niger wherein its seeds were exposed to different 

concentrations of SWCNTs resulting in increase of rate of 

germination by 22.8% and root length by 26.2% [18]. 

Heavy metal stress of Cd and Pb on Brassica napus 

seedlings can be alleviated by treatment with MWCNTs. 

MWCNTs treated seedlings show significantly higher root and 

shoot lengths which is otherwise inhibited with Pb and Cd 

treatments alone. These heavy metal treatments also lowered 

the fresh weight, dry weight and chlorophyll concentrations 

which was reversed by MWCNT treatment [43], [44]. 

The bacterial growth and root development of plant in 

rhizobium-legume symbiosis system of Lotus japonicas and 

Mesorhizobium loti was inhibited by SWCNTs under non-

symbiotic condition. MWCNTs, on the other hand, enhanced 

the number of nodules in plants by 39% at 14 days post-

inoculation (dpi) and 41% at 28 dpi at 100µg/mL concentration. 

Increase is nodulation by MWCNTs was correlated with and 

increased expression of NIN gene that regulates nodule 

development by up to 2-fold. Biological N fixation of nodules 

was also enhanced by 10% at 100µg/mL of MWCNTs [67]. 

Since rhizobium-legume symbiosis system plays a critical role 

in nitrogen cycle balance in agriculture, this study may 

stimulate more research on use of CNTs in agriculture from this 

perspective. 

MWCNTs promoted the growth of maize plant, its same 

concentration inhibited the growth of soybean. Transpiration of 

water and dry biomass was found to have increased in maize, 

on exposure to MWCNTs. In addition, the uptake and 

translocation of these MWCNTs clearly exhibited cellular, 

charge, and size selectivity in maize and soybean, which could 

be important properties for nano transporters [68]. 

 

B. Nano-particulate uptake and transport in plants 

As seen in the previous section, due to the exceptional 

physical, chemical, and mechanical capabilities of nanotubes, 

they have proven to have an impact on plant growth and 

development parameters. As nanoparticles have small 

diameters, they can pass through the cell through their 

apoplastic route [41]. MWCNTs can activate the aquaporin 

genes which translate into water channel proteins that facilitate 

the transport of water in plants [36], [48]. Additionally, a high 

level of CNT functionalization results in a marked reduction of 

its harmful effects on plant cells. MWCNTs, on the other hand, 

have been discovered to have penetrating properties that 

increased the germination and growth rates of tomato seeds 

without exhibiting toxicity. Short functionalized MWCNTs (f-

MWCNTs) were distributed in a size-dependent manner inside 

cell organelles, according to experiments done on the 

Catharanthus roseus plant. While the shorter ones were seen 

inside the nucleus, plastids, and vacuoles, the longer ones were 

predominantly located inside subcellular structures like the 

endoplasmic reticulum and mitochondria. Additionally, it was 

found that these MWCNTs did not enter the cell through 

endocytosis but rather directly penetrated the plasma membrane 

[50]. 

Confocal fluorescence micrographs have shown that 

SWCNT isothiocyanate and SWCNT/DNA conjugates are 

taken up by cells, indicating that SWCNTs have a lot of 

potential as nano transporters for walled plant cells. 

Additionally, it has been proposed that SWCNTs might convey 

various payloads to various organelles within plant cells. It has 

been demonstrated that CNTs can go through plant cell walls 

and cell membranes [33]. 

 

C. Carbon nanomaterials in plant genetic transformation: A 

novel approach 

Gene transfer is an important part of genetic engineering-

based plant improvement. Several methods have been used in 

the past for this purpose. Nanomaterials for the delivery of 

biomolecules and are being successfully used in animal cells. 

However, the study on plant systems is at its infancy. However, 

they seem to be a promising area of research in the near future 

[61]. Nowadays, there is significant interest in the prospect of 

employing carbon nanotubes as nanocarriers to carry genetic 

material inside a cell. In one study on Nicotiana tabacum low 

concentrations of both SWCNTs and MWCNTs with plasmid 

construct were used to genetically transform the protoplast, and 

high concentrations were utilized to genetically alter the callus 

and leaf explant. The DNA delivery in protoplast and walled 

plant cells was demonstrated by SWCNTs-based Nano carriers, 

whereas MWCNTs were only able to alter protoplast due to the 

cellulose wall's inhibitory effects on their entry into the cells 

[5], [15]. 

Carbon nanotubes can move through cellular membranes 

directly or by endocytosis. By creating electrostatic 

interactions, arginine functionalization increases the solubility 
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of CNTs and facilitates the adsorption of DNA (GFP-

expressing plasmid). Additionally, it has been noted that 

polyarginine may function as an SV40-like nuclear localization 

signal (NLS), causing cargo to be transferred to the nucleus of 

tobacco intact root cells. Western blotting analysis and 

fluorescence microscopy were used to demonstrate the 

effectiveness of this gene delivery [5], [15]. Efficient plasmid 

DNA delivery into intact plants of several non-model plant 

species (arugula, wheat, and cotton) using functionalized high-

aspect-ratio carbon nanotube (CNT) nanoparticles (NPs), 

resulting in high protein expression levels without transgene 

integration has been reported [8]. Although, CNTs can bypass 

different cellular barriers and deliver biomolecules into living 

cells. However, their use in plants is limited by due to the 

presence of a cellulosic cell wall. It has been reported that CNT 

with immobilized cellulase can serve as an efficient DNA 

delivery system for plant cells [12]. 

It has been reported that a simple and efficient carbon 

nanotube-based Nano-carrier delivers multiple plasmids into 

different tissues of monocotyledonous crops simultaneously 

[34]. CNT-mediated plasmid DNA delivery into rice has been 

reported recently, indicating that CNTs facilitate plasmid DNA 

delivery in rice leaf and embryo tissues, resulting in transient 

GFP, YFP, and GUS expression [9]. 

 

Challenges and future perspectives 

Nano-biotechnology, a rapidly expanding area of study 

has varied applications in the fields of bioengineering, 

agriculture, and medicine. Due to the rising demand for 

agricultural products, it is crucial to identify alternatives to 

current agricultural methods in order to lessen the burden on the 

environment and the use of pollutants like pesticides, 

herbicides, insecticides, and fertilizers that are released into the 

environment as a result of agricultural use. It is imperative that 

agriculture become more sustainable. In this context, using 

modest quantities of carbon nanotubes to boost crop 

development and yield presents a workable alternative. Gene 

transfer is an important part of genetic engineering-based plant 

improvement. In vitro plant transformation and regeneration 

presents bottleneck because of the lengthy process of 

establishing a robust tissue culture protocol. In planta 

transformation, directly leading to transformed plants may 

bypass tissue culture, but efficient and successful in planta 

delivery and transformation remains a challenge. The use of 

nanocarriers to transport DNA into plant cells offers an 

attractive solution and a growing area of research. Carbon 

nanotubes can enter plant cells in a size, concentration, and 

solubility dependent way, causing translational and metabolic 

alterations that are then seen to improve plant growth and yield. 

CNTs, therefore are a suitable alternative to promote agriculture 

sustainably by improving plant growth and development as has 

been reported by numerous studies. 

Despite the many advantages of CNT application and 

use, there are several barriers to the successful and widespread 

use of CNTs in plant systems. The use of CNTs at high 

concentrations is known to induce phytotoxicity in plants by 

promoting oxidative stress and probably changing the genome 

expression in plants [54], [55]. However, the future potential 

and benefits of using CNTs for improvement in plant growth 

and development far outweigh the potential negative impacts. 

The Therefore, more investigation is needed before they may 

be used in agricultural crops. 
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