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ABSTRACT 

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

ACH-177-2 was studied. Murashige and Skoog medium was supplemented with multi-walled 

carbon nanotubes and inoculated with seeds of hybrid Bt cotton Var. ACH-177-2, seedling 

growth was recorded highest at 60 µg/ml under in-vitro conditions. Seeds were treated in 

petriplates with increasing concentrations of multiwalled carbon nanotubes. Treated seeds 

were sown in the pots and field conditions. Under filed conditions, plant height and number 

of leaves per plant were recorded highest at 100 µg/ml concentration of carbon nanotubes. 

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. 
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INTRODUCTION 

Bt cotton refers to transgenic cotton which contains endotoxin inducing gene from 

soil bacterium Bacillus thuringiensis. Monsanto, Delta and Pine companies developed  first 

transgenic plant in cotton in 1987 [1]. Later on, several transgenic plants were developed. Bt 

cotton Var. ACH-177-2 is resistant to bollworms. There are several benefits of Bt cotton. Bt 

cotton is very useful in controlling the yield losses caused by bollworms.  [2,3]. It has 

promoted eco-friendly cultivation of cotton [4]. 

Carbon nanotubes (CNTs) are allotropes of carbon with cylindrical nanostructure. 

Nanotubes have been constructed with length -to- diameter ratio up to 132000000:1. CNTs 

are of two types- single walled carbon nanotubes (SWCNTs) and multi walled carbon 

nanotubes (MWCNTs). These are strongest and stiffest materials. CNTs are used in sensors, 

flat panel displays, energy and gas storage because they have unique mechanical, electronic 

and thermal properties. They are strongest, stiffest and very good thermal conductors. CNTs 

have application in the production of bulletproof clothing, waterproof and tear resistance 

textiles, conductive films, magnets, solar cells, transducers, bone cell proliferation, drugs 

delivery, medical diagnostics and improvement in yields of crops. SWCNTs can transport to 

deliver DNA and small dye molecules into intact plant cell [5]. CNTs can effectively 

penetrate seed coat and stimulate germination and plant growth [6]. The use of CNTs in 

agriculture is a current area of research.  
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Nano-agriculture involves the use of nanoparticles in agriculture. The use of 

nanoparticles to stimulate growth of plants is a recent practice [7]. Now-a-days, harvesting 

more crop yield using novel agro-technologies became an imperative study. Among the latest 

lines of technological innovations, nanotechnology occupies a prominent position in 

transforming agriculture and food production. Nanodevices and nanomaterials have novel 

applications in plant biotechnology and agriculture [8, 9]. Currently, the main thrust of 

research in nanotechnology focuses on applications in the field of life sciences [10]. Use of 

nanoscale devices with novel properties well-groomed the agricultural systems [11, 12].   

 In the present investigation, we report the effect of MWCNTs on seedling growth 

under in vitro conditions and some growth parameters and yield of hybrid Bt 

cottonVar.ACH-177-2 in the field conditions. It is the novel approach to study the effect of 

CNTs on the crop up to maturity and yield. 

MATERIALS AND METHODS 

Solubilization of CNTs 

MWCNT of diameter 20-30 nm and length 3-8 µm were purchased from Nanoshel, 

USA. CNTs were made water soluble using H2SO4+HNO3 (3:2 by volume for 24 h [13]. 

Excess of acids were 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 acids. Acid free final wash was tested using Griess reagent [14]. The black mass was 

vaccum dried and subjected to analysis. CNTs became water soluble after sonication [15]. 

In-vitro technique                                                        

A hormone-free Murashige and Skoog (MS) (1962) medium was prepared [16]. It 

was supplemented with increasing concentrations (20, 40, 60, 80 and 100 µg/ml) of water 

soluble MWCNTs. MS medium without CNTs served as a control. Five bottles of each 

concentration were prepared. Commercially available certified seeds of hybrid Bt cotton Var. 

ACH-177-2 were procured from seed vendors and surface sterilized by keeping in the 0.1% 

HgCl2 solution for 10 min and washed with sterile distilled water three times to remove all 

traces of HgCl2. Surface sterilized seeds were inoculated in the MS medium supplemented 

with increasing concentrations of water soluble WSCNTs under aseptic conditions. 5 seeds 

were inoculated in each culture bottle and incubated at 25±2 
o
C temperature and 3000 lux 

light intensity with photoperiod of 16 h light and 8 h dark in the culture room. 

In-vivo technique 

Seeds were treated in petriplates containing increasing concentrations of MWCNTs 

(20, 40, 60, 80 and 100 µg/ml). A petriplate without CNTs served as control. In each 

petriplate, 25 seeds were allowed to germinate in 25 ml of each concentration of MWCNTs. 

This treatment was carried out in 10 replicates of respective concentration to achieve 

sufficient number of seeds for sowing in the pots and field. Treated seeds were sown in  pots 

containing a mixture of vermicompost and soil (1:3 ratio) and in the field in the separate rows 

of respective treatments. Seedlings in the pots and field were irrigated regularly. 

Physiological parameters like plant height, number of leaves per plant, number of bolls per 

plant and boll size were studied up to maturity. Results are statistically analyzed.   
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RESULTS AND DISCUSSION 

Results of effect of MWCNTs on the seedling growth of hybrid Bt cotton Var.ACH-

177-2 under in-vitro condition (Table 1; Figure 1) showed highest shoot length (15.57 ± 0.87 

cm) and root length (16.49 ± 0.25) at 60 µg/ml CNTs and at higher concentrations of 

MWCNTs, these were declined. The average number of roots per plant was observed highest 

(29.95) at 60 µg/ml CNTs. 

Table 1: Effect of increasing concentration of MWCNTs on the in-vitro seedling growth 

of hybrid Bt cotton Var. ACH-177-2 

Treatment Shoot ht. 

cm 

Root length 

cm No. of roots 

Control 

 

13.40±0.20
A 

 

        

8.51±0.23
A 

 

25.88±1.45
CD 

 

20 µg/ml 14.68±0.33
B
 13.58±0.26

C
 21.13±2.16

A
 

40 µg/ml 15.41±0.26
D
 16.48±0.31

E
 27.06±1.83

D
 

60 µg/ml 15.57±0.27
D
 16.49±0.25

E
 29.95±1.93

E
 

80 µg/ml 15.14±0.16
C
 14.78±0.31

D
 24.09±1.87

B
 

100 µg/ml 15.15±0.21
C
 13.31±0.24

B
 24.96±2.29

BC
 

 

In each column, means with the same superscript letter were not significantly 

different, using the LSD test (P <0.01), Values represents mean ± SD. 

 

Figure 1: Effect of increasing concentration of MWCNTs on the in-vitro seedling growth 

of hybrid Bt cotton Var.  ACH-177-2 

Results of effect of CNTs on the growth of hybrid Bt cotton Var. ACH-177-2 under 

in-vivo conditions in the pots and field are presented in Table 2; Figure 2. Plant heights, 

number of leaves per plant, number of bolls per plant and boll size were recorded highest at 

100 µg/ml CNTs. There was a significant increase in all these parameters from 40 µg/ml 

compared to control. The number of leaves at 100 µg/ml CNTs was three fold of the control. 

This reflected on the increase in boll number and boll size. The number of bolls per plant at 

100 µg/ml was 2.8 times more than the control and boll size was 1.85 fold of the control. This 

resulted in 5.18 fold increase in the yield at 100 µg/ml CNTs as compared to control. 

13 

13 

               Control   20 µg   40 µg   60 µg        80 µg       100 µg 
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Table 2: Effect of increasing concentration of CNTs on the in-vivo seedling growth of 

hybrid Bt cotton Var. ACH-177-2 

Treatment Plant ht. cm No. of leaves/pl No. of bolls/pl Boll size cm 

Control 

 

29.06±2.72
A 

 

25.10±3.14
A 

 

3.20±0.78
A 

 

  7.15±0.34
A 

 

20 µg/ml 34.17±2.56
B
 30.80±2.48

B
 4.10±0.87

AB
   8.41±0.56

B
 

40 µg/ml 40.71±1.15
C
 35.20±2.39

C
 5.10±1.10

B
 11.41±0.43

C
 

60 µg/ml 42.99±2.66
C
 41.30±2.63

D
 5.10±0.99

B
 11.50±0.18

C
 

80 µg/ml 46.46±2.19
D
 56.70±2.00

E
 6.40±1.07

C
 11.79±0.22

C
 

100 µg/ml 52.80±2.60
E
 74.90±4.48

F
 9.00±0.94

D
 13.24±0.55

D
 

 

In each column, means with the same superscript letter were not significantly 

different, using the LSD test (P <0.01), Values represents mean ± SD. 

 

Figure 2A: Effect of increasing concentration of CNTs on the growth of hybrid Bt 

cotton Var. ACH-177-2 under filed conditions. 

 

Figure 2B: Effect of increasing concentration of CNTs on the boll size of hybrid Bt 

cotton Var. ACH-177-2 

It was reported that significant growth occurred in tomato at 40 µg/ml CNTs under in-

vitro conditions [6]. According to them this increase in growth may be due to ability of CNTs 

to penetrate seed coat and increase water uptake and enhance seed germination. Similar 
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results are reported in tomato [17]. CNTs penetrating in to the seed coat induce the new pore 

formation on seed coat results in better water penetration resulting in breaking of seed 

dormancy [18]. CNTs increase growth in gram (Cicer  arietinum L.) was also reported [19]. 

They suggested that water not only occupies these channels but also molecule transport takes 

place faster inside the plant via xylem where 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 CNTs 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 

[20]. Positive effect of MWCNTs on seed germination and root growth of six different crop 

species (Raphanus  sativus, Brassica napus, Lolium  perenne, Lactuca  sativa, Zea mays, 

Cucumis  sativus) was reported [21]. It was observed that non-functionalized CNTs enhanced 

root elongation in onion and cucumber [22]. Confocal fluorescence image studies have 

revealed the capacity of SWCNTs to traverse across both the plant cell wall and cell 

membrane [23].  Positives effects of CNTs on germination and growth of plants also 

observed. They reported enhanced germination for rice seeds in the presence of CNTs [24]. 

When tomato plants grown on soils supplemented with CNTs, produced same amount of 

leaves but more flowers and fruits than grown in the regular soil [25]. Our results revealed 

that in-vitro seedling growth was stimulated by MWCNTs. Under the field conditions, 

parameters like plant height, number of leaves per plant, number of bolls per plant and boll 

size were recorded highest at 100 µg/ml MWCNTs. The cotton yield was increased five times 

more than the control. This significant increase in yield may be due to enhanced 

photosynthetic efficiency and water uptake. 

Only few studies have been focused on the toxicity of nanomaterials and have shown 

both positive and negative effects on the growth and development of plants [26, 27]. 

Phytotoxicity of CNTs was observed in Brassica juncea and Phaseolus mungo [28]. It was 

reported that in zucchini plants, biomass was decreased in the presence of MWCNTs [29]. 

MWCNTs were found to be toxic to Arabidopsis T87 suspension cells [5]. The exact 

mechanism of toxicity is not clear. It was reported that plasma membrane gets detached from 

the cell wall of those cells trteated with MWCNTs leading to death   [30]. Accumulation of 

reactive oxygen species (ROS) was induced by MWCNTs resulting in increased oxidative 

stress and decreases cell proliferation, which eventually led to complete cell death [31].  

Thus, response of plants to CNTs varies with the type of plant species.  

CONCLUSION 

             In the present investigation, the boll size was 1.85 times and boll number 2.8 times 

more than the control, thus cotton yields can be increased 5.18 folds of the control. It is safely 

concluded from the results that MWCNTs promote seedling growth and yield of cotton. 

Therefore, CNTs can be profitably used in agriculture to boost the cotton production. 
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