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ABSTRACT 

The effect of multi-walled carbon nanotubes on the seed germination, plant growth 

and yield of hybrid Bt cotton Var. 7383 BG II was investigated. Seeds were treated with 

increasing concentrations of multi-walled carbon nanotubes, seed germination was recorded 

highest at 60 µg/ml carbon nanotubes. Plant growth and cotton yield per plant were increased 

with increasing concentrations of carbon nanotubes. The cotton yield per plant was recorded 

highest at 100 µg/ml concentration of multi-walled carbon nanotubes. Thus, carbon 

nanotubes can boost yield of Bt. cotton. 
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INTRODUCTION 

Bt cotton is a genetically modified cotton crop that expresses an insecticidal protein 

whose gene has been derived from a soil bacterium called Bacillus thuringiensis, commonly 

known as Bt. Many subspecies of B. thuringiensis are found in the soils and are toxic to 

various genera of insects. The B. thuringiensiss trains produce three types of insecticidal 

toxins, crystal toxins, cytolytic toxins and vegetatively expressed insecticidal proteins. There 

are many benefits of Bt cotton viz. bollworm control, increased yield, reduction in pesticide 

use and increased seed cotton quality. Mahyco in collaboration with US Company Monsanto 

has introduced Bt cotton technology in India. In 2006 Bollgard II technology was 

commercialized for the first time and made available to Indian farmers. Mahyco released 

cotton hybrid MRC-7383 BG-II variety.  

Nanotechnology is an important field of interdisciplinary research. It opens up a wide 

range of opportunities in various fields like agriculture, medicine, pharmaceuticals and 

electronics. There are enormous benefits of nanotechnology to human. Nanoparticles are 

particles having dimension between 1 and 100 nm that can drastically modify their physical 

and chemical properties compared to the bulk material [1]. Carbon nanotubes are most widely 

used nanomaterial that can easily penetrate membrane like cell wall of plants. Therefore, 

carbon nanotubes (CNTs) have an important role in agriculture as directed delivery systems 

for pesticides and fertilizer. Plant cell wall acts as a barrier for easy entry of any external 

agent including nanoparticles into plant cells. The sieving properties are determined by pore 

diameter of cell wall ranging from 5 to 10 nm [2]. Hence only nanoparticles with diameter 
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less than the pore diameter of the cell wall could easily pass through and reach the plasma 

membrane [3]. There is also a chance for enlargement of pores or induction of new cell wall 

pores upon interaction with engineered nanoparticles which in turn enhance nanoparticle 

uptake. Therefore, the study on the effects of nanoparticles in plant science is a newly 

emerging area of research [4,5]. Recently it is proved that single walled carbon nanotubes 

(SWCNTs) have capacity to traverse across both the plant cell wall and cell membrane.  It 

has been demonstrated that CNTs can assist the delivery of biological molecules into plant 

cells [6]. More efficient water uptake induced by CNTs has been implied as the growth 

stimulator [7]. Multi-walled carbon nanotubes (MWCTs) induce the water and essential Ca 

and Fe nutrients uptake efficiency that could promote the seed germination and plant growth 

and development [7,8].  

In the present investigation, the effects of MWCNTs on seed germination, growth of 

plants and yield of hybrid Bt cotton Var. 7383 BG II has been reported. 

MATERIALS AND METHODS 

Solubilization of CNTs 

MWCNTs having diameter 20-30 nm with length 3-8 µm were purchased from Nanoshel, 

USA. These were made water soluble by soaking in a mixture of H2SO4 + HNO3 (3:2) for 24 

h [9]. Excess of acids were removed and black mass was washed with distilled water several 

times till it became neutral. Distilled water was repeatedly added and evaporated under 

boiling water bath to remove all traces of acids. The dried black powder of MWCNTs was 

used for the experiment. 

Seed Germination 

Commercially available certified seeds of hybrid Bt cotton Var. MRC 7383 BG II 

were obtained from certified seed vendors. These were surface sterilized by dipping in 0.1% 

HgCl2 solution for 15 min, washed three times with distilled water to remove all traces of 

HgCl2. Surface sterilized seeds were used for germination studies and for sowing in the pots. 

50 seeds were germinated in each petriplates containing increasing concentrations of (20, 40, 

60, 80, 100, 120 µg/ml) of MWCNTs. A petriplate without MWCNTs served as control. This 

seed germination experiment was carried out in 3 replicates. Germination percentage was 

recorded up to 120 h.  

Seed treatment for field planting 
The solutions of increasing concentrations (20, 40, 60, 80, 100, 120 µg/ml) of 

MWCNTs were prepared. Plastic cups were filled with a mixture of sieved soil + compost 

(2:1). One seed was sown in each cup. 200 cups for each treatment were sown with 200 

seeds. 20 ml solution of each concentration of MWCNTs was added in each cup of respective 

treatments. Small cups were used in the beginning of experiment to avoid leaching of 

MWCNTs. For control, 20 ml water was added in each cup.Seeds were allowed to germinate  

for 7 days in small cups and then transplanted in the large pots containing a mixture of  soil + 

compost (2:1) and regularly watered. Seeds were treated in increasing concentrations (20, 40, 

60, 80, 100, 120 µg/ml) of MWCNTs for 24 h were sown in the field in separate rows. These 

were regularly irrigated and observations were recorded. 

RESULTS AND DISCUSSION 

Results on the effect of MWCNTs on seed germination of Bt cotton Var. MRC 7383 

(Table 1; Fig.1) showed that seed germination was linearly increased with increasing 

concentrations of MWCNTs up to 60 µg/ml. The highest germination percentage (82±3.0) 

was recorded at 60 µg/ml MWCNTs. At higher levels of MWCNTs, the germination 

percentage was declined.  
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Table 1: Effect of increasing concentrations of MWCNTs on seed germination of hybrid 

Bt-cotton Var.  MRC-7383 BG-II 

Treatment 
Percentage of seed germination after  

24 h 48h 72h 96h 120 h 

Control 0.0±0.0 38±2.0 48±1.0 52±1.0 54±1.0 

20 µg/ml 14±1.0 36±2.0 44±3.0 56±2.0 56±1.0 

40 µg/ml 18±2.0 40±1.0 58±2.0 64±3.0 64±1.0 

60 µg/ml 28±1.0 44±2.0 52±1.0 80±2.0 82±3.0 

80 µg/ml 18±3.0 38±2.0 50±1.0 68±2.0 70±1.0 

 100 µg/ml 24±1.0 42±3.0 48±1.0 62±2.0 64±2.0 

 120 µg/ml 04±1.0 18±1.0 26±2.0 32±2.0 32±2.0 

Results are mean ± SD  

 

Figure 1 : Effect of increasing concentrations of MWCNTs on seed germination of 

hybrid Bt-cotton Var.  MRC-7383 BG-II 

Table 2 Effect of increasing concentrations of MWCNTs on plant height, number of 

bolls per plant, boll size and yield of hybrid Bt-cotton Var.  MRC-7383 BG-II 

Treatment 

Plant height 

(cm) 

 

Number of bolls 

per plant 

Diameter of 

boll (cm) 

 

Cotton weight / 

plant (g) 

Control 46.6±4.19 3.8±0.34 2.84±0.26 2.91±0.26 

20 µg/ml 45.00±4.50 4.25±0.43 2.97±0.30 3.1±0.31 

40 µg/ml 43.3±5.20 3.8±0.46 3.25±0.39 3.23±0.39 

60 µg/ml 45.5±3.64 5.3±0.42 3.41±0.27 2.84±0.23 
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80 µg/ml 47.5±5.23 5.8±0.64 3.30±0.36 3.3±0.36 

100 µg/ml 52.75±5.80 5.00±0.55 3.16±0.35 3.4±0.37 

120 µg/ml 62.00±5.58 2.75±0.25 2.94±0.26 3.37±0.30 

SEM ± 4.03 0.37 0.26 0.26 

F- Value 5.18 15.85 1.34 1.41 

P- Value 0.01 0.01 0.31 0.28 

LSD 8.85 0.79 -- -- 

Data are means of three replicates ± standard deviation. Significant difference due to 

treatments was assessed by Fisher’s LSD as a post-hoc test. 

 

 

Figure 2A : Effect of increasing concentrations of MWCNTs on the growth of hybrid 

Bt-cotton Var.  MRC-7383 BG-II 

 

Figure 2B : Effect of increasing concentrations of MWCNTs on the boll size of hybrid 

Bt-cotton Var.  MRC-7383 BG-II 
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Results of plant growth and yield (Table 2; Fig. 2A, 2B) showd that plant height, 

number of bolls per plant, boll size and cotton yield per plant were increased with increasing 

concentrations of MWCNTs, however plant height was recorded highest (62.00±5.58 cm) at 

120 µg/ml, number of bolls per plant (5.8±0.64) at 80 µg/ml, boll size (3.41±0.27 cm) at 60 

µg/ml and cotton yield per plant (3.4±0.37 g) at 100 µg/ml. 

Some studies support the positive effects of suspensions of MWCNTs on seed 

germination and root growth of six different crop species (radish (Raphanus sativus), rape 

(Brassica napus), rye grass (Lolium perenne), lettuce (Lactuca sativa), corn (Zea mays) and 

cucumber (Cucumis sativus) [5]. The effects of functionalized SWCNTs (fCNTs) and non-

functionalized SWCNTs on root elongation of 6 different crop species, cabbage (Brassica 

oleracea), carrot (Daucus carota), cucumber (Cucumis sativus), lettuce (Lactuca sativa), 

onion (Allium cepa) and tomato (Solanum lycopersicum) were studied [10]. CNTs enhanced 

root elongation in onion and cucumber and nanotubes sheets were formed by both fCNTs and 

CNTs on cucumber root surface due to their interaction with root surface; however none 

entered into the roots. Cabbage and carrot were not affected by either form of nanotubes. 

Root elongation in lettuce was inhibited with fCNTs and tomato was found to be most 

sensitive for CNTs with significant root length reduction.   

A work reported on the effects of MWCNTs on the seed germination and growth of 

tomato plants showed a positive response upon interaction with nanotubes. Their results 

showed an increased water uptake by seeds in the presence of MWCNTs which enhanced the 

germination process [11]. Others also supported the positive effects of carbon nanotubes on 

germination and growth of plants. They studied the effects of both SWCNTs and MWCNTs 

on the germination of rice seeds and observed an seed enhanced germination in the presence 

of carbon nanotubes [12]. It was reported that water soluble carbon nanotubes (wsCNTs) 

show enhancement of the growth rate of common gram (Cicer arietinum) plants. Treating 

plants with up to 6.0 μg/m/l
1
 of water soluble carbon nanotubes (wsCNTs) showed an 

increased growth rate in every part of the plant including the roots, shoots and also in 

branching [13]. In Brassica juncea L., measurements of germination rate, time taken for 50% 

germination, shoot and root growth have shown encouraging results using low concentration 

of oxidized MWCNTs (OMWCNTs) treated seeds as compared to non-oxidized as well as 

high concentration OMWCNTs treated seeds [14].  

It was reported that multi walled carbon nanotubes showed the positive effect on the 

tomato seed germination and plant growth when compared to the normal medium. The 

maximum seed germination rate and seedling growth was observed at 40 μg/ml concentration 

of CNTs [15].  Carbon nanotubes have shown promise as regulators of seed germination and 

plant growth. It was observed that MWCNTs have the ability to enhance the growth of 

tobacco cell culture (55-64% increase over control) in a wide range of concentrations (5-500 

μg/ml) [16]. It was found that MWCNTs can affect plant phenotype and the composition of 

soil microbiota. Tomato plants grown in soil supplemented with CNTs produce two times 

more flowers and fruit compared to plants grown in control soil [17].   

Multiwalled carbon nanotubes (MWCNTs) affected seed germination, growth and the 

development of three important crops (barley, soybean, corn). Early seed germination and 

activation of growth in exposed seedlings was observed when MWCNTs were added to 

sterile agar medium. Similarly, seed germination was activated for all tested crop species 

when MWCNTs were deposited on seed surfaces. The ability of MWCNTs to penetrate the 

seed coats of corn, barley, and soybean was proven by detection of nanotube agglomerates 

inside MWCNT-exposed seeds using Raman spectroscopy and transmission electron 

microscopy (TEM) [18]. Both the functionalized and non functionalized carbon 

nanomaterials influence fruit and crop production in edible plants and vegetables. The 

fullerene, C60 and carbon nanotubes have been shown to increase the water retaining 
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capacity, biomass and fruit yield in plants up to ~118% which is a remarkable achievement of 

nanotechnology in recent years [19].  

The effect of carbon nanotubes on the growth and yield of hybrid Bt cotton Var. 

ACH-177-2 was studied. Under filed conditions, plant height and number of leaves per plant 

were recorded highest at 100 μg/ml concentration of CNTs. Number of bolls per plant 

increased 2.8 times and boll size 1.85 times of control thus, carbon nanotubes can boost the 

cotton yields [20].  Factory-synthesized MWCNTs of quality-controlled specifications were 

seen to enhance the germinative growth of maize seedlings at low concentrations but depress 

it at higher concentrations. Growth enhancement principally arose through improved water 

delivery by the MWCNT [8]. The results of the combined morphological and physiological 

analysis of wheat, maize, peanut and garlic indicated that after about 5-10 days exposure 

under their experimental conditions, MWCNTs significantly enhanced plant growth and 

biomass compared to control [21]. Seed germination of Allium cepa L. was enhanced at 80 

μg/ml of carbon nanomaterials under in vitro conditions. Shoot and root growth as well as dry 

matter production were increased manifold at the 80 μg/ml of carbon nanomaterials [22].   

In the present investigation the significant increase in seed germination, plant growth 

and yield may be due to enhanced water uptake, water retention and enhanced photosynthetic 

efficiency of MWCNTs treated plants of hybrid Bt. cotton var. MRC 7383 BG II. 

There are few reports regarding the toxicity of CNTs. Long-term phytotoxicity impact 

of as-prepared (or pristine) single-walled and multi-walled carbon nanotubes was evaluated. 

They reported that in Parodia ayopayana, plant height, width and total root length were 

affected in both soil- and in vitro-grown plants, with a stronger effect in the latter case. 

Single-walled carbon nanotubes exhibited higher phytotoxicity as compared to multi-walled 

carbon nanotubes and nanodiamond (employed for comparison in in vitro-based assay), likely 

due to a high amount of impurities. They suggested a strong and systemic phytotoxic impact 

of carbon nanotubes on plant growth and development [23]. The phytotoxicity of MWNTs on 

lettuce regarding inhibition effect on plant growth development as well as cell damage on 

root and leaves was demonstrated. They observed the toxic symptoms in the presence of 

MWCNTs in a dose-dependent manner as compared to carbon black (CB). MWCNTs 

inhibited the seed germination, plant growth and plant biomass. Microscopic analysis showed 

the attachment of MWNTs on the root surface area, deterioration of root tip and an image of 

penetration of MWCNTs into plant cell wall. They showed that MWCNTs caused cell death 

on root and leaves [24]. The possible phytotoxicity of MWCNTs was evaluated at 0, 20, 200, 

1000, and 2000 mg/l with red spinach, lettuce, rice, cucumber, chili, lady’s finger, and 

soybean, based on root and shoot growth, cell death, and electrolyte leakage at the seedling 

stage. After 15 days of hydroponic culture, the root and shoot lengths of red spinach, lettuce, 

and cucumber were significantly reduced following exposure to 1000 mg/l and 2000 mg/l 

MWCNTs [25]. Possible toxic effects of MWCNTs on plant cells were investigated. 

Suspension rice cells (Oryza sativa L.) were cultured with MWCNTs; reactive oxygen 

species (ROS) increased and cell viability decreased were observed. [26]. The response to 

MWCNTs varies with the type of plant species taken for the experiment. 

CONCLUSION 

In the present investigation, MWCNTs treatment exhibited significant increase in 

seed germination, plant growth and yield of cotton. It is safely concluded from the results that 

MWCNTs enhance seed germination, plant growth and yield of cotton. Therefore CNTs can 

be used in agriculture to boost cotton yields.  
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