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ABSTRACT 

Seeds of hybrid Bt cotton Var. MRC 7383 BG II were treated with increasing 

concentration ((20, 40, 60, 80, 100, 120 µg/ml) of multiwalled carbon nanotubes 

(MWCNTs). Treated seeds were sown in the paper cups in the beginning and then 

transplanted in large pots as well as in the field in the separate rows. These were regularly 

watered. Some physiological parameters viz. chlorophylls, carbohydrates, proteins, phenols 

and proline were estimated from leaf samples after three months of sowing. It was observed 

that the content of all these parameters was increased with increasing level of MWCNTs and 

inhibited at higher level. It is revealed from the results that MWCNTs are stimulatory for the 

biosynthesis of these compounds. 
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INTRODUCTION 

 Nanoparticles (NPs) have unique physical and chemical properties and also have an 

ability to improve the plant metabolism [1]. The researchers have supplemented ability of 

plants to absorb more light energy by delivering carbon nanotubes into chloroplast. Carbon 

nanotubes could act as an artificial antennae that allow chloroplast to capture wavelengths of 

light which is not in their normal range [2,1]. The carbon nanotubes enhance seed 

germination, growth and development of plants [3,4]. Nanotechnology has large potential to 

afford an opportunity to develop new tools for incorporation of NPs into plants that could 

supplement existing functions and add new functions [2].  

Recently, many researches lead to using the NPs in plants. NPs are able to interact 

with plants resulting into many morphological and physiological changes, depending on the 

properties of NPs. Effectiveness and potential activity of NPs are determined by their 

chemical composition, size, surface and most importantly the dose of it [5]. Researchers have 

explained the both positive and negative effects of NPs on plant growth and development. 

The impact of engineered nanoparticles (ENPs) on plants depends on the concentration, size, 

physical and chemical properties of ENPs as well as plant species and varies from plant to 

plant. The role of NPs in seeds germination and photosynthesis has been reported [6].  

The literature revealed that variations in the effect of NPs on the growth, development 

and metabolic processes of different plants. The phytotoxic effect of AgNPs was emphasized 

[7]. The main purpose of most researchers is agronomic advantage of nanotechnology, 

whereas effect on metabolism of plants has received little attention [8]. Activities of catalase 

and peroxidase emzymes were stimulated in response to NPs treatment in Bacopa monnieri 

seedlings [9]. It has been reported the anthocyanin accumulation as well as Cu/Zn-SOD 
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activation and reactive oxygen species (ROS) accumulation as a result of the action of AgNPs 

on Arabidopsis seedlings [10].  

 

 

MATERIALS AND METHODS 
Seed treatment for sowing 

Multiwalled carbon nanotubes (MWCNTs) (diameter 20-30 nm and length 3-8 µm) were 

purchased from Nanoshel, USA and made water soluble by soaking in a mixture of H2SO4 + 

HNO3 (3:2) for 24 h [11]. Distilled water was added and evaporated under boiling water bath 

repeatedly to remove all traces of acids. The dried black powder of MWCNTs was used for 

the investigation. 

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

were procured from certified seed vendors of Pune market. These were surface sterilized by 

dipping in 0.1% HgCl2 solution for 15 min. Treated seeds washed three times with distilled 

water to remove HgCl2 completely and used for sowing in the pots.  

The solutions of increasing concentrations (20, 40, 60, 80, 100, 120 µg/ml) of 

MWCNTs were prepared. Paper cups (100 ml) 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. The solution (20 ml) of each concentration of MWCNTs was added in each cup of 

respective treatment. Small paper cups (100 ml) were used in the beginning of the experiment 

to avoid leaching of MWCNTs. For the control, 20 ml water was added in each cup. Seeds 

were allowed to germinate for 7 days in the paper cups and then transplanted in the large pots 

(20 liters) containing a mixture of soil + compost (2:1) and regularly watered. In an another 

experiment, seeds were treated with increasing concentration (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 plants were grown.  

 

Plant material  
Fresh leaf samples of MWCNTs treated cotton plants were used after three months of 

sowing for the estimation of chlorophylls, carbohydrates, proteins, proline and phenols.  

 

Chlorophylls 
Photosynthetic pigments like chlorophyll a, chlorophyll b and total chlorophylls were 

extracted and estimated by using the method of Arnon [12]. The randomly selected fresh leaf 

samples of MWCNTs treated and untreated control plants of hybrid Bt-cotton Var.  MRC-

7383 BG-II were cut in to small pieces and 1 g of these was separately homogenized in 80% 

acetone in the dark, using mortar and pestle. The acetone extract was filtered through 

Whatman No. 1 filter paper and the final volume of the filtrate was made to 100 ml with 

80% acetone. The extract was stored in the dark. The absorbance of acetone extract was 

recorded at 645 nm and 663 nm using UV-visible spectrophotometer (Shimadzu-1601) and 

amount of chlorophylls was calculated.  

 

Carbohydrates 
Total carbohydrates were determined according to the method of Thayumanavan and 

Sadasivan [13]. In this investigation, 1 g fresh leaf sample of each treatment and untreated 

control plants of hybrid Bt-cotton Var.  MRC-7383 BG-II was used. The leaf samples were 

hydrolyzed in 2.5 N HCl for three hours by keeping the samples in boiling water bath and 

then cooled to room temperature. Afterwards it was neutralized with Na2CO3. The final 

volume was made to 100 ml with distilled water. The reaction mixture was consisting of 
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distilled water, Anthron reagent and digested sample. The optical density of the green colour 

developed was recorded at 630 nm by using UV-visible spectrophotometer (Shimadzu-

1601). 100 µg/ml of D-glucose solution was used to prepare the standard curve. 

 

Proteins 
Protein estimation was carried out according Lowry’s method [14]. 1 g of fresh leaf 

sample of each treatment and untreated control plants of hybrid Bt-cotton Var.  MRC-7383 

BG-II was homogenized separately in 2.5 ml of 0.1 M phosphate buffer (pH 7.0). The leaf 

extract was centrifuged at 5000 rpm for 15 minutes at 4 
o
C. The supernatant was 

transformed to a sorvell tube containing a mixture of 20 ml acetone and 14 µl of β- 

mercaptoethanol for precipitation of protein. The sample tube was stored at 0 
0
C for 5 hours 

and then centrifuged at 10,000 rpm for 20 minutes. The supernatant was discarded and the 

pellet was dissolved in 2.5 ml of 1.0 N sodium hydroxide solution. This was used as the 

source of proteins. From this, 0.2 ml aliquot was used to prepare the reaction mixture. The 

optical density of blue colour developed after the addition of Folin–Ciocalteu reagent was 

read at 660 nm on UV-visible spectrophotometer (Shimadzu-1601). The BSA (Bovine 

Serum Albumin- fraction V) was used at the concentration of 1mg/ml as a standard protein 

solution for the preparation of standard curve. 

 

Proline 
Proline content was estimated by using the Bate’s method [15]. 1g fresh leaf samples 

of hybrid Bt-cotton Var.  MRC-7383 BG-II plants were homogenized separately in 10 ml 

3% aqueous solution of sulphosalicylic acid and then homogenate was filtered through 

Whatman No.1 filter paper. The 2 ml filtrate was taken in a test tube, 2 ml of glacial acetic 

acid and 2 ml acid of ninhydrin were added. The reaction mixture was kept in boiling water 

bath for 1 hour. The reaction was terminated by placing the tubes in ice bath. 4 ml toluene 

was added to the reaction mixture and vigorously shaken for 20-30 seconds. The upper 

toluene layer was separated after some time and kept at room temperature. The optical 

density of red colour developed was measured at 520 nm on UV-visible spectrophotometer 

(Shimadzu-1601). 100 µg/ml concentration of proline solution was used to prepare the 

standard curve. 

 

Phenols 
Total phenols in the leaf samples were estimated as per the method of Farkas and 

Kiraly [16]. 1 g fresh leaf sample of hybrid Bt-cotton Var.  MRC-7383 BG-II was 

homogenized separately in 10 ml of 80% ethanol. The extract was condensed on hot water 

bath to approximately up to 1 ml and centrifuged at 5000 rpm for 15 min. The volume of the 

supernatant was adjusted to10 ml with distilled water. 0.2 ml aliquot from the supernatant 

was used for estimation. The optical density of blue colour developed in the reaction mixture 

after the addition of Folin–Ciocalteu reagent was read at 650nm on UV-visible 

spectrophotometer (Shimadzu-1601).Tannic acid solution at the concentration of 100 µg/ml 

was used to prepare the standard curve.  

 

RESULTS AND DISCUSSION 

Chlorophylls 
 Results on the effect of MWCNTs on the chlorophyll content of leaves of plants of 

hybrid Bt-cotton Var. MRC-7383 BG II are presented in the Table 1. These results revealed 

that total chlorophyll content was linearly increased with increasing concentration of 

MWCNTs and recorded highest (2.10±0.25 mg/g) at 100 µg/ml. At higher level (120 µg/ml 
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concentration) of MWCNTs, the total chlorophyll content was declined showing inhibition at 

higher level. 

 

Table 1: Effect of MWCNTs on chlorophyll content in hybrid Bt-cotton Var. MRC-7383 

BG II 

Sr. 

No . 

Concentration 

of MWCNTs 

(µg/ml) 

Chl-a 

(mg /g) 

Chl-b 

(mg /g) 

Total 

Chlorophyll 

(mg /g) 

1 Control 0.86±0.08 0.58±0.05 1.44±0.13 

2 20 1.15±0.09 0.66±0.05 1.81±0.14 

3 40 1.17±0.13 0.73±0.08 1.9±0.21 

4 60 1.45±0.13 0.61±0.05 2.06±0.19 

5 80 1.26±0.14 0.81±0.09 2.07±0.23 

6 100 1.28±0.15 0.82±0.10 2.10±0.25 

7 120 1.34±0.13 0.68±0.07 2.02±0.20 

 SEM ± 0.10 0.060 0.16 

 F- Value 6.74 4.88 4.21 

 P- Value 0.01 0.01 0.01 

 LSD 0.22 0.13 0.34 

 

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

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

There are no reports on the effect of MWCNTs on the chlorophyll content of plants. 

However, the effects of other nanoparticles on the chlorophyll content of plants have been 

reported. 

The impact of AgNPs on plant biomass and chlorophyll content of Vigna radiata and 

Brassica campestris was reported [17]. He observed that depending upon the concentration of 

particles and its time of treatment causes negative effect on Vigna radiata and Brassica 

campestris seedlings. The toxicity of the biosynthesized AgNPs on wheat and tomato plants 

was investigated [18]. Some physiological parameters of two plants were measured and they 

reported that the biosynthesized AgNPs have a noticeable stress effect on tomato plant as 

reduced chlorophyll.   

The treatment of zinc oxide nanoparticles (ZnONPs) at 1000 ppm concentration 

promoted leaf chlorophyll content in peanut seedlings [19]. The effects of different 

concentrations of ZnONPs (0, 10, 25, 50, 75 and 100 mg/l) on growth and physiological 

parameters of Lilium ledebourii Bioss were studied. Explants treated with media containing 

50, 50, 50, 75 and 50 mg/l ZnONPs produced the highest chlorophylls [20]. Different 

concentration of ZnONPs (0.1, 0.25, 0.5, 1.0 and 2.0 g/l) solutions were applied to Sesamum 

indicum L. by soaking method. The impact of ZnONPs treated plants on photosynthetic 

pigments like chlorophyll a, chlorophyll b and total chlorophylls. The maximum observation 

of growth attributes and chlorophyll content was recorded at 0.5 g/l concentration of 

biologically synthesized ZnONPs [21].  

The physiological effects of ZnONPs in green peas (Pisum sativum L.) cultivated in 

the soil were studied. Green pea plants were treated with 0, 125, 250, and 500 mg/kg of either 

ZnONPs or bulk ZnO in organic matter enriched soil. After 25 days, chlorophylls in leaves 

decreased, compared to the control, by ~61%, 67%, and 77% [22]. It was found that 200 and 

300 mg/l ZnONPs treatments reduced chlorophyll a and b contents more than 50% in 300 

mg/l ZnONPs treated Arabidopsis plants. They suggested that toxicity effects of ZnONPs 

observed in Arabidopsis was likely due to the inhibition of the expression of chlorophyll 
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synthesis genes and photosystem structure genes, which resulted in the inhibition of 

biosynthesis of chlorophylls, leading to the reduction of photosynthetic efficiency of the 

plants [23]. The cumulative effect of ZnONPs and titanium oxide nanoparticles (TiO2NPs) 

on Picochlorum sp. in addition to the individual effects of these NPs over 32 days was 

examined. NPs produced adverse effect on growth and chlorophyll concentration during the 

early growth stages [24].  
TiO2NPs promote aged seed vigor and chlorophyll formation and also stimulates Rubisco 

activity. It accelerates photosynthesis, thereby increasing plant growth and development [25]. 

TiO2NPs were foliar sprayed at 10 mg/l concentration on the leaves of 14 days old mung 

bean plants and it was reported that there was a significant improvement in the chlorophyll 

content [26]. It was observed that at low concentrations of TiO2 and TiO2NPs, showed 

stimulatory effects on chlorophylls of Melissa officinalis L. plant [27]. The pretreatment of 

cotton plants under drought stress with TiO2NPs or SiO2NPs caused increase of pigments 

content. They concluded that foliar application of TiO2NPs or SiO2NPs could improve the 

drought tolerance of cotton plants [28]. 

Results on the effect of MWCNTs on the chlorophyll content in the leaves of hybrid 

Bt-cotton Var. MRC-7383 BG II (Table 1) revealed that total chlorophyll content was 

gradually increased with increasing concentration of MWCNTs and recorded highest at 100 

µg/ml concentration of MWCNTs. At 120 µg/ml concentration of MWCNTs, the total 

chlorophyll content was declined showing inhibition at higher level. Other nanoparticles like 

AgNPs, ZnONPs and TiO2NPs have both stimulatory (at lower levels) as well as inhibitory 

effects (at higher level)   on the chlorophyll content of plants.  

 

Carbohydrates 

 Results on the effect of MWCNTs on the carbohydrates content in the leaves of 

hybrid Bt-cotton Var. MRC-7383 BG II are depicted in Table 2. These results showed that 

carbohydrate content was increased linearly with increasing concentration of MWCNTs and 

recorded highest (4.031±0.21 mg/g) at 100 µg/ml. At higher level (120 µg/ml) of MWCNTs, 

carbohydrate content was reduced showing inhibitory effect. 

Table 2: Effect of MWCNTs on carbohydrates, Proteins, Proline and Phenol contents in 

hybrid Bt-cotton Var. MRC-7383 BG II 

Sr. 

No. 

MWCNTs 

µg/ml 

Total 

carbohydrat

e(mg/g) 

 

Proteins 

(mg/g) 

Proline 

(μmol/g) 

Phenols 

(mg/g) 

1 Control 2.026±0.08 62.92±2.52 2.578±0.08 5.95±0.24 

2   20  2.317±0.14 66.25±3.98 2.584±0.16 5.95±0.24 

3   40  2.327±0.07 67.08±4.02 2.814±0.11 6.06±0.36 

4   60  2.343±0.09  68.75±4.81 3.599±0.25 8.31±0.50 

5   80  3.058±0.22 70.83±2.83 4.422±0.22 8.49±0.42 

6 100  4.031±0.21 71.25±2.14 3.822±0.15 11.77±0.82 

7 120  2.416±0.15 64.58±3.23 3.299±0.20 11.68±0.35 

 SEM ± 0.12 2.84 0.14 0.37 

 F- Value 25.08 2.40 46.50 93.82 

 P- Value 0.01 0.08 0.01 0.01 

 LSD 0.257 6.09 0.30 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. 

There are no reports on the effect of MWCNTs on the carbohydrate content of plants, 

however other nanoparticles influence the carbohydrates content in other plants. Increasing 
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concentration of AgNPs from 20 to 60 ppm has led to increase in carbohydrate contents of 

common bean (Phaseolus vulgaris L.) and corn (Zea mays L.) plants [29].  

The maximum observation of carbohydrates was recorded at 0.5 g/l concentration of 

biologically synthesized ZnONPs in Sesamum indicum L. [21]. The impact of different 

ZnONPs was investigated on green pea (Pisum sativum L.), they reported that carbohydrate 

profile remained largely unchanged across all treatments with the exception of 

Al2O3@ZnONPs at 1000 mg/kg where sucrose concentration of green peas increased 

significantly, which is likely a biomarker of stress [30].  

Effects of TiO2NPs on some growth parameters and chemical constitutes of coriander 

were investigated. Coriander plants were sprayed twice with different concentrations of 

TiO2NPs (2, 4 and 6 ppm), first after 30 days from cultivation and the second was after 60 

days. The results indicated that TiO2NPs lead to a significant enhancement in the content of 

total sugars [31]. 

Results on the effect of MWCNTs on the carbohydrates content in the leaves of 

hybrid Bt-cotton Var. MRC-7383 BG II (Table 2) revealed that carbohydrates biosynthesis 

was stimulated up to 100 µg/ml MWCNTs and inhibited at higher level. 

 

Proteins 
 Results on the effect of MWCNTs on the protein content in the leaves of hybrid Bt. 

Cotton Var. MRC-7383 BG II (Table 2) showed that protein content was increased with 

increasing level of MWCNTs and was found highest (71.25±2.14 mg/g) at 100 µg/ml. At 

higher concentration (120 µg/ml), it was reduced. 

 There are no direct reports showing the impact of MWCNTs on the protein content of 

plants. However, other nanoparticles viz. AgNPs, ZnONPs and TiO2NPs showed influence 

on the protein content of pants. 

Effects of AgNPs in Phaseolus vulgaris L. and Zea mays L. were studied. They 

observed that increasing concentration of AgNPs from 20 to 60 ppm has increased protein 

contents of the two these crop plants. [29]. Toxicity of the biosynthesized silver nanoparticles 

on wheat and tomato plants by soaking wheat grains and tomato seeds in 100 mg/l AgNPs 

was investigated. AgNPs stimulated lipid peroxidation accumulation in tomato and wheat 

plants. They recorded noticeable different effects of AgNPs on soluble proteins among 

tomato and wheat plants [18].  

The effect of ZnONPs on growth of Sesamum indicum L. in zinc deficient soil was 

reported. They recorded maximum protein content at 0.5 g/l concentration of biologically 

synthesized ZnONPs [21].  

It was observed that nano-anatase-induced marker gene for Rubisco activase mRNA and 

enhanced protein levels and activities of Rubisco activase resulted in the improvement of the 

Rubisco carboxylation and the high rate of photosynthetic carbon reaction [32]. TiO2NPs 

were foliar spayed at 10 mg/l concentration on the leaves of 14 days old mung bean plants 

and observed a significant improvement in total soluble leaf protein (94%) as a result of 

TiO2NPs application [26].  The cotton plants were pretreated with four concentrations of each 

of TiO2NPs (25, 50, 100 and 200 ppm) and SiO2NPs (400, 800, 1600 and 3200 ppm) and 

then exposed to drought stress. The results revealed that pretreatment of cotton plants under 

drought stress with TiO2NPs or SiO2NPs caused increase in total soluble proteins [28].  

Results of the present investigation on the effect of MWCNTs on the protein content 

in the leaves of hybrid Bt. Cotton Var. MRC-7383 BG II (Table 2) revealed that protein 

biosynthesis was promoted upto 100 µg/ml and inhibited at higher level.  
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Proline  
Influence of MWCNTs on the proline content in the leaves of hybrid Bt. Cotton Var. 

MRC-7383 BG II is presented in the Table 2. The results showed that proline content was 

enhanced with increasing level of MWCNTs and at higher level, the proline content was 

reduced. The proline content was recorded highest (4.422±0.22 μmol/g) at 80 µg/ml 

concentration of MWCNTs. 

There is no literature regarding the effect of MWCNTs on the proline content of 

plants. ZnONPs, TiO2NPs influence the proline content of some plants. 

It was reported that ZnONPs supplemented with MS media induced proline synthesis, 

activity of superoxide dismutase, catalase, and peroxidase thereby improving tolerance to 

biotic stress [33]. The effects of foliar application of normal and ZnONPs on the proline 

content, growth and some antioxidant enzyme activities of sunflower cultivars at different 

salinity levels. A treatment consists of five cultivars of Helianthus annuus L. (viz. Alstar, 

Olsion, Yourflor, Hysun 36, and Hysun 33); two salt concentrations (0 and 100 mM NaCl) 

and three foliar applications (none-sprayed, ZnO normal and nanoparticles at a rate of 2 g/l). 

Cv. Olsion showed the highest amount of proline content and highest superoxide dismutase 

activity (SOD) among the studied cultivars under saline condition [34].  

Aluminum oxide nanoparticles (Al2O3NPs) increased the proline content and 

malondialdehyde in shoot and root of what plants. TiO2NPs in 1000 and 2000 mg/l increased 

the malondialdehyde and proline content [35].  

The effects of TiO2NPs and SiO2NPs on the physiological and biochemical parameters of 

cotton plants under drought stress condition were studied. The results showed that 

pretreatment of cotton plants under drought stress with TiO2NPs or SiO2NPs caused increase 

in the proline content. They suggested that foliar application of TiO2NPs or SiO2NPs could 

improve the drought tolerance of cotton plants [28]. 

 

Phenols  
 Results on the effect of MWCNTs on the phenols content in the leaves of hybrid Bt. 

Cotton Var. MRC-7383 BG II (Table 2) revealed that phenols content was enhanced with 

increasing concentration of MWCNTs. The highest phenols content (11.77±0.82 mg/g) was 

recorded at 100 µg/ml concentration of MWCNTs. At higher level of MWCNTs (120 µg/ml), 

the phenols content was decreased showing inhibitory effect. 

No reports are available regarding the effect of MWCNTs on the phenol content in the 

leaves of plants. However, some nanoparticles have shown effects on the phenol content in 

the leaves of plants.   

Coriander plants were sprayed twice with different concentrations of TiO2NPs (2, 4 

and 6 ppm). He observed an increase in amino acids, total sugars, total phenols, total indols 

and pigments in response to TiO2NPs [31]. The cotton plants were pretreated with four 

concentrations of each of TiO2NPs (25, 50, 100 and 200 ppm) and SiO2NPs (400, 800, 1600 

and 3200 ppm) and then exposed to drought stress. The results showed that pretreatment of 

cotton plants under drought stress with TiO2NPs or SiO2NPs caused increase in the total 

phenolics and proline content as well as enhancement of yield characteristics [28].  

In the present investigation it was observed that contents of chlorophylls, 

carbohydrates, proteins, proline and phenol were enhanced in response to increasing 

concentration of MWCNTs. In my previous report the growth and yield were increased with 

increasing level of MWCNTs ]36]. It can be suggested that enhancement in all these 

physiological parameters resulted in increase in growth and yield of cotton. 
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CONCLUSION 
It is concluded that chlorophylls, carbohydrates, proteins, phenols and proline 

biosynthesis was enhanced with increasing level of MWCNTs, however higher concentration 

was inhibitory to it. The genes responsible for the biosynthesis of these compounds were 

stimulated by the treatment of MWCNTs. Increased contents of these physiological 

parameters reflected in the enhanced growth and yield of cotton.  
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