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Introduction
The Gossypium hirsutum sp. or commonly known as cotton is a 
very domestic and valuable crop plant in India. The crop plant 
of cotton placed itself in a zone of highly cultivated plants 
worldwide, but it is quite challenging with their growing pattern. 
The cotton plant also acquits shoot growth a little slower as 
compares to other species [1]. The world of science attains pretty 
much popularity in the field of nanotechnology because of their 
magnificent physiological properties and quantum effect [2]. 
There have been many studies conducted on plants and their 
micro-biome in corporation with nanoparticles. We had taken 
titanium oxide, silver oxide, copper oxide, and zinc oxide for 
studying their impression on growth impact on Gossipium sp. 
The several studies of above metallic nanoparticles have been 
done on different medicinal plants, crop plants, and on several 
microorganisms. The diversity of their effects on the environment 
makes them quite interesting and knowledgeable. 

The metallic nano-oxide like zinc oxides have been reported as a 

quality growth promoter and increase the merestematic growth 
as well as chlorophyll and carbohydrate component of plants [3]. 
The silver oxides also have a significant effect in biomedical as 
well as agricultural field even there many studies that consider 
that silver nanoparticles have non-toxic effects on animal cell but 
having a toxicological effect on Bacteria cell make them a helpful 
and advanced bactericidal agent [4]. The other oxide which has 
been taken here, titanium oxide also enhances the plant growth 
and the photosynthetic rate in leaves of plants like spinach. The 
titanium oxides also responsible for increased growth rate in the 
electron transport chain at a very vast level. They just aren’t only 
given positive results in visible light but also proved themselves 
as a good enhancer in ultraviolet light too [5]. The copper oxide 
plays an essential role in the growth of plant and very helpful in 
increasing the biomass of plants like wheat [6].

The development ear of cotton can influence by several factors 
like climate, germplasm, and transient interaction [7]. The 
vegetative and reproductive growth of cotton purely depends 
on each other for their better development. If the initial growth 
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Metallic nano-oxide has been influenced the environment in the past two decades. 
Their consequences are dreadfully uncertain. The increased graph of their 
interference suggested many extensive studies in various fields of the environment. 
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rate measurements get affected badly then also the reproductive 
phase got the same downward effects. The surroundings, salinity, 
soil condition, and environmental factors are responsible for a 
better growth rate in the development of Gossypium hirsutum. 
The heat and temperature play a key role in the development 
of cotton. The crop handlers should be very careful about the 
temperatures during the growing time. The evaluation studies of 
cotton reveal that they have a very different tap root with basal 
and higher order. The developed tap root system helps the plant 
by getting deeper in the soil for the absorption of essential needs. 
Their higher order roots cannot tolerate the drought and depleted 
nutrition condition [8]. Cotton needs a warmer temperature and 
that plays a significant role in cotton development, every stage of 
cotton needs a specific temperature zone in an increasing order 
from germination to maturity. The nutrient uptake of cotton is 
also dependent on the temperature and propositional to the rate 
of heat and temperature [9]. The key nutrients for the better 
growth of cotton are phosphorous, nitrogen, potassium, and 
boron. Some secondary nutrients like magnesium, calcium, and 
sulfur also play significant role. The pH of the soil of cotton should 
be in between 6.0-6.5. The pH level of soil should be monitored 
before sowing the seeds [10]. The presence of phosphorous is 
a very important for the development of cotton because if the 
amount of phosphorous is less in soil, then it slows down the rate 
of absorption of Zinc, Nitrogen, and Potassium [11].

Materials and Methods 
Environmental conditions 
The study of the treatment of various specific concentrations of 
metallic nano-oxides with Gossypium hirsutum was conducted at 
the terrace-garden of Suresh Gyan Vihar University, Jaipur, India. 
The study has been started at a favorable time for cotton growth. 
The climatic condition was moderately hot temperature was near 
about 350°C-400°C as desired for better growth of cotton [12]. 
The soil of Jaipur is slightly alkaline in nature, the pH value is in 
between 8.3-9 [13] but as per requirement of the study, somehow 
little acidic soil is required for better growth of cotton species. A 
desirable amount of gypsum was added to the soil to reduce the 
pH level in between 5.8-7.6 [14]. The potassium level of soil also 
has been tested for better and unbiased results. 

Nano-dose preparation
There were four metallic nano-oxide were used at different 
concentrations with crop plant of Gossypium hirsutum sp. The 
titanium oxides, silver oxides, copper oxides, and zinc oxides have 
been used at different concentration level like 00 ppm, 40 ppm, 
60 ppm, 80 ppm, and 100 ppm. The metallic nano-oxides dose 
preparation has been done two days before the sowing of seeds. 
At the time of nano-dose preparation 100 ml of de-ionized water 
has been added to powdery metallic nano-oxides at specific 
concentrations. There were four concentrations of each metallic 
nano-oxide prepared in the form of sixteen colloidal solutions.

Plant material and plantation
The seeds of Gossypium hirsutum were taken from a well-known 

crop seed shop in Jaipur Rajasthan. The seeds were disease-free 
and quality checked. The seeds were sown in the rainy season of 
the Indian climate. The approximately 500 gm gypsum soil mixed 
with 100 gram of normal organic fertilizer like cattle manure 
to maintain the nutritional environment for seeds growth. The 
maximum 3 seeds were sown in each and every pot. At the time 
of sowing, every seed was placed 0.5 inch to 1 inch below the 
soil upper surface for better germination. Simultaneously, 10 ml 
of nano-oxide colloidal solution have been added to soil, exactly 
the same place where seed have sown. The study was done in 
the triplet with two controls, for having the best and unbiased 
results. The pots were placed at a partially shady place to avoid 
the excess of rainwater and intense sunlight.

Plant doses and growth monitoring
The first dose of each nano-oxides was given at the time of 
germination, control just watered by distilled water. The second 
replication was given after fifteen days and the third replication 
was on the 30th day. There were four doses of nano-oxides have 
been given to the plant till the 45th day. Plant morphological 
growth monitors every fourth day. The full morphological analysis 
was done in the form of plant height, shoot color, leaves count, 
bud timing and plant health. The fresh weight measurement of 
plants was done at the time of flowering. The fresh weight was 
measured in the form of root fresh weight, shoot fresh weight, 
and whole plant weight. The specific flowering stage has been 
noted till 60th day.

Result and Discussion 
The positive or in warded growth impacts of nano-particles 
has been known in plants.  The study has been done for the 
morphological parameter and plant fresh weight for up to 60 
days. There were many ups and downs growth results of the 
metallic nano-oxide treatment have been seen on plants. The 
study reveals that the effect of the zinc-oxide was favorable for 
the positive morphological growth. The silver oxides showed an 
opposite direction. The interaction of silver oxide reduces the 
growth with increased dose concentration. The titanium and 
copper showed a little diversity in their growing pattern. 

Effect of zinc-oxide on the morphological growth 
of Gossypium hirsutum
This has been observed in many previous studies that zinc-oxidel 
has been shown valuable effects on many crop plants as well as 
many other plant species. The zinc is also very essential for the 
carbohydrate metabolism of the plants [15]. It has been observed 
that zinc concentrations have been helpful for the induction of 
seed germination and initiate seedling [16]. The interaction of 
zinc oxide during study also demonstrated that the effect of zinc 
oxide is more productive than the other three remaining nano-
oxides. The treated plants with zinc were very healthy and fresh. 
The flowering time of zinc oxide treated plants were earliest as 
compare to the rest of them. The zinc oxide concentration was 
directly preoperational to the height, leaves count, and fresh 
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weight of the plant. The increment of the concentration of 
nano-oxide from 40 ppm to 100 ppm lead to increase the height  
(Figure 1) as well as the fresh weight of plants. The concentration 
of 80 ppm and 100 ppm of zinc treatments were very significant 
for the shoot growth of the plant. The shoot was very healthy 
with best grams in fresh weight. The sustainable positive 
morphological results have been seen till the last phase of plant 
growth as compared to the control. The Concentration of 80 ppm 
and 100 ppm of zinc-oxide also showed the healthiest plant status 
as well as the earliest flowering stage. The maximum number of 
foliage also reported at zinc-oxide treatment in comparison to 
the other plants having different concentration of metallic nano-
oxide.

Effect of copper oxides on the morphological 
growth of Gossypium hirsutum

The induced copper oxides concentrations showed a 
concentration-specific role in many crop plants. They are also a 
key nutrient for better plant growth and functions as an activator 
for many enzymes in photosynthetic reaction [17]. Some plant 
studies also reported that copper causes a very specific and 
significant reduction or limits the seed germination [18]. In the 
present study case scenario, the copper oxides did not show 
a uniform growth pattern as zinc and silver oxide did. The 
copper oxides concentration of 40 ppm, 60 ppm, and 80 ppm 
initially enhanced the morphological parameter of the plant in 
comparison to control (Figure 2). At the middle phase of plant 
growth around between 25th to 40th day 40 ppm, 60 ppm, and 
100 ppm were equivalent to control. There were neither positive 
nor negative results have been reported but concentration 
80 ppm has given the best result. The lastly, copper oxide 
concentrations were not that effective for plant growth as they 
were in the initial growth phase. The plant growth was limited if 
we provide them continuous doses of copper nano-oxides. The 
80-ppm concentration of copper showed a little fresher weight as 
compared to control. The flowering stage did not induce early as 
seen in case of zinc oxide. 

Effect of titanium-oxide on the morphological 
growth of Gossypium hirsutum
The titanium oxides are well known for their unpredictable effects 
on crop plants. Each concentration of titanium oxides has variant 
effects on plant species [19]. Some studies were also proven that 
a small dose or concentration of titanium nano-oxide can improve 
the crop performance in different aspects [20]. In the case of 
titanium oxide treatment, all the concentrations were given the 
best results initially as compared to control. The germination 
results of titanium oxide treatment were seen productive. The 
highest morphological impact of 100 ppm concentration was 
seen till the 45th day (Figure 3). The titanium oxides effect falls at 
the time of flowering and control gave better results. The leaves 
count of titanium was very productive at 80 ppm concentration. 
The fresh weights were as alike as their height measures. 
Whereas 40 ppm concentration of titanium-oxide had shown 
much-developed root growth as compared to control. The early 
flowering did not even see in titanium oxide treated plants.

Effect of silver-oxide on the morphological 
growth of Gossypium hirsutum
The silver oxides showed a negative growth impact on the sp. 
of  Gossypium hirsutum. As the concentration of silver nano-
oxide increases the development and morphological growth of 
plant get decreased. Plant morphological character like root and 
shoot growth and fresh weight of plant also get reduced with the 
treatment of silver [21]. Many studies revealed that phytotoxicity 
of silver affect the plants at their physiological level by reduction 
in chlorophyll content and nutrient uptake; reduce transpiration 
rate, and also alteration of hormonal activity. The silver oxide 
had been little toxic for prokaryotes and cell lines of mammals 
and it also showed very conflict results in various kinds of plant 
species [22]. The present study showed that silver treatment with 
species hasn’t shown a negative growth impact at the time of 
germination as well as in the initial growth of plants up to 80 ppm 
concentration. The 100 ppm concentration has been remained 
negative for all the majoring aspects of growth from germination 
to maturity. The plants growths were positive even better till the 

Figure 1 Effect of zinc-oxide on the height of Gossypium hirsutum 
at different concentrations.

 

Figure 2 Effect of copper-oxide on the height of Gossypium 
hirsutum at different concentrations.
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30th day of growth at 40 ppm, 60 ppm, and 80 ppm concentration 
of silver nano-oxide. After the 30th day, growth of the plants didn’t 
work out well as compare to control and growth was retarded 
(Figure 4). The flowering period of the plant also has been slower 
as compared to control. The 80 ppm concentration affect root 
growth very negatively, it was hardly 1.5 cm in length. The fresh 
weight of 80 ppm plant root was very little as compared to other 
silver and different metallic concentrations. The leaves count or 
foliage was also getting vice versa effect due to having short stem 
length (Figure 5). The plants of silver oxides haven’t been that 
fresh and healthy as the other metallic oxides treated plants.

Correlational study of all four metallic nano-
oxides
The detailed morphological study of four metallic nano-particles 
reveals that correlation between them had a very little relational 

Figure 3 Effect of titanium-oxide on the height of Gossypium 
hirsutum at different concentrations.

 

Figure 4 Effect of silver-oxide on the height of Gossypium 
hirsutum at different concentration.

 

Figure 5 Correlation and impact of all four metallic Nano-oxides on the root weight shoot weight, leaves count and whole fresh weight of 
gossypium hirsutum at their specific concentrations.

degree. The zinc oxides exponential results were far better than 
any other metallic nano-oxide. The relational analysis between 
Titanium oxides, silver oxides and copper oxides showed almost 
indistinguishable effects up to 60 ppm concentration in the case 
of plants fresh weight. The overall result analysis stated that silver 
oxides were given the substandard developmental growth. The 
collation in between copper and titanium oxides, copper oxides 
proved themselves a better expectancy for growth. 

Statistical Analysis
The statistical analysis was done by the software graph pad 
prism. The two-way ANNOVA test had been applied on 
morphological data. The results of two-way ANNOVA test at the 
5% level (p=0.05) significant for all measurements evaluated. The 
results are presented as an average ± standard deviation. Test 
results were been significant with every morphological data of 
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each nano-oxide treatment. The five different concentrations  
(00 ppm, 40 ppm, 60 ppm, 80 ppm, 100 ppm) of every nano-
oxide in respect to days were used to acknowledge the variation 
in respect to plant height, leave count, and fresh weight of plants. 
The significant F-test was obtained. The triplet data of each nano-
oxide concentration were provided for getting the best and mean 
result. 

Conclusion 
The nanoparticles impacts have been consistently capricious 
and shift species to species. This investigation of metallic nano-
oxide uncovers that among these four nano-oxide, zinc-oxide 
had been exceptionally noteworthy for the development of 
Gossypium hirsutum. The major morphological parameters of 
observation like height, leaves count, fitness, and fresh weight of 
root and shoot got decidedly influenced by the treatment with 
zinc-oxide. The copper and titanium oxides showed a variant 
pattern of morphological growth by their specific concentrations. 
Some of the concentrations like 60 ppm and 80 ppm of copper 
and titanium-oxide had been quite favorable for the growth of 
gossypium hirsutum species. The leaves count was very good 
at 80 ppm concentration of titanium oxide. The copper oxide 
also showed positive results in the early stages of plant growth. 
The silver oxides showed a reduced fall pattern in the growth 
of plants especially at higher concentrations like 100 ppm. The 
germination and initial morphological growth didn’t affect much 
negatively with the concentrations of silver oxide 40 ppm and  
60 ppm. The increasing ratio of concentrations and time period 
was not going positive in the case of silver-oxide treatment.
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