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Invitro Cultrue of Cowpea Beans 
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Abstract: The cowpea is a annual herbaceous legume.  The 
root nodules have capacity fo fix the atmosphere N2 that is 
beneficial for farming.This fixed N2 benefit other crops 
(intercropping) in various ways. The Zno NPs (Zinx Oxice 
Nanoparticles) has wide applications in agriculture as a fertilizer 
to increase the product yield and to limit the onset of fungal and 
bacterial diseases. The invitro germination of seed followed by 
the seedling growth needs the intervention of ZnO Np in cowpea 
beans. This research was developed to study the effect of various 
doses of ZnO Nps (Zinc Oxide Nanoparticles). 

Index Terms: Cow pea, Dose, Germination, Nanoparticles, 
Zno, Invitro Germination 

I. INTRODUCTION

The Vigna unguiculata (cowpea), the most important
legume in the world is a very common yearly plant, 
particularly in Africa, Asia, South America and the United 
States. It is a strong pre-plant that can thrive in subpar 
conditions and poor soils along with the aid of nitrogen 
fixation, is able to raise the yield of the next product. The 
legume family member cowpea, which is used as a fodder in 
animal nutrition as well as a dry grain and green vegetable 
in human nutrition, has a protein content of 4.5–5.0% in 
fresh grains and fresh beans with 2.0–4.3%. Dry cowpea 
grains can attain protein content range from 20.42% to 
34.60% after attaining maturity, depending on the variability 
and environmental factors. Additionally, cowpea grains 
have a carbohydrate content of 50–67%, 3.9% cellulose, 
1.3% oil and 3.6% of ash. When compared to grain seeds, 
the protein in its seeds is deficient in methionine and 
cysteine and abundant in the amino acids tryptophan and 
lysine. The field of nanotechnology a multidisciplinary 
science (combines both science and technology) is the study 
of nanoscale materials [6]. Nanotechnology is described as 
the development of materials with a size smaller than 100 
Micronutrients use in agriculture, nutrition, agricultural 
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nanometers and the ability to manipulate them at the atomic 
level. applications, plant protection, pesticide distribution, 
nano sensors, and pesticide degradation are all areas of 
interdisciplinary research that are now under development. 
For reducing agricultural waste and environmental 
contamination, nanotechnology provides efficient ways to 
safeguard the health and conditions of the soil. Precision 
agriculture can be considerably enhanced by 
nanotechnological method [4]. In Nanotechnology, the 
aggregates of atom or molecules called nanoparticles have 
diverse physicochemical properties.  These properties 
include higher surface to volume ratio, <100 nm size, lower 
melting point, high photo catalytic and antimicrobial activity 
[9]. The absorption capability of the Nano particles in the 
form of chemical compounds of plants is better when 
compared to bulk. This is because of their small size [9].   

An important inorganic substance with a broad range is 
ZnO. This substance is utilised in a variety of products, 
including cigarette filters, light emitting diodes, laser diodes, 
skin irritant treatment, semi-conductors, and as concrete in 
industrial products like cosmetics, paint, and rubber. Due to 
the property of size, they are utilised more readily by plant 
cells and promote plant growth, and recognised as a crucial 
micronutrient for plants and grains. In order to study the 
structure and morphology of zinc oxide NPs, a critical 
micronutrient for plant metabolism, X-ray diffraction and 
transmission electron microscopy (TEM) are used. The 
production of nanoparticles has been rapidly rising 
worldwide. They are employed across a extensive range of 
fields, including optics, electronics, energy production, 
materials research, medicine, and the biological sciences 
[11]. Additionally, during the processes of manufacture, 
transport, use, and disposal, they are discharged into the 
environment. Despite the fact that plants expose to natural 
nanoparticles, the rise of artificial nanoparticles calls for 
thorough monitoring [9]. The ZnO nanoparticle would also 
stand as ecofriendly after monitoring. There are many 
factors that play a major role in association of Nanoparticles 
with plant cells. They include the basic size, surface 
covering and shape; their chemical composition, 
concentration [10], reactivity and mode of application. They 
would also include the plant characteristics like age and 
genotype of plant, stage of plant development [5]. These 
above mentioned factors have shown diverse effects on 
morphology and physiology of many plant species both in a 
positive and negative manner. They can promote or 
inhibiting seed germination; activate metabolism related 
genes; ROS (Reactive oxygen species) generation; 
chromosomal aberration; inducing or inhibiting of 
metabolism related genes and seedling growth.  
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In horticulture and agriculture, nanoparticles that are 
more effective on plants, containing herbicides, fertilisers, 
or nano encapsulated nutrients are mostly used. Plant 
Genetic engineers have also shown interest in nano particles. 
Targeting genes can be released from nanoparticles into 
particular cellular organelles with ease when they penetrate 
through the cell wall. Additionally, the applications are not 
genotype-specific. Nanoparticles use is effective than 
technologies such as biolistic approaches or Agrobacterium 
Transformation.  

Metallic zinc (Zn) is a crucial micronutrient for the 
overall growth and development of plants and is engaged in 
numerous enzymatic and physiological activities. In many 
plant species, zinc deficiency causes white necrotic patches 
on the leaves, chlorosis, stunted growth and photosynthesis 
[11] inhibition. Zn acts as a important metal component in 
several enzymes, It also acts as a cofactors participate in 
chlorophyll biosynthesis and energy production. It acts as a 
catalyst in the phosphate, lipid, carbohydrate11 and protein 
metabolism. Zn influences capability for water intake and 
transport, impacts seed viability and radical growth, and 
lessens negative effects of heat, drought, or salt stressors. 
Additionally, zinc actively participates in the production of 
gibberellins and auxins. In a plant organism, high zinc 
content can harm cell function and interfere with various 
crucial processes because it displaces other minerals with a 
similar charge and dimension. 

CNT (carbon nanotubes), Au, Ag, TiO2 and ZnO 
nanoparticles are among the most repeatedly produced 
nanoparticles worldwide. ZnO Nano Particles are produced 
on an annual basis in between 10–100 times more than that 
of any other nanomaterial, at 550 and 5550 tonnes. ZnO 
nanoparticles (whitish powder) are inorganic compounds 
can be produced by chemical methods (precipitation, vapour 
transport, and hydrothermal processes), as well as biological 
methods through various plant extracts.  

Zinc oxide nanoparticles were utilised by many different 
goods, including ceramic sunscreen cosmetics. They were 
used in optical devices, solar cells, gas sensors, biosensors, 
catalysts, paints, rubber products, semiconductors, and drug 
delivery systems [13]. Zn fertiliser is anticipated to be the 
best option in agriculture for foliar and soil applications. 
Moreover, ZnO nanoparticles are used to prevent and treat 
infections caused by diseases in plants. As the plant is 
equipped with micronutrients, the people with micronutrient 
deficits could be benefitted from this uptake. To date, very 
limited studies have been conducted to look into how ZnO 
nanoparticles affect plants [13]. 

The growth and development of plant are stimulated by 
ZnO nanoparticles, although the results change depending 
on the genotype. ZnO nanoparticles have a harmful effect on 
plants, and this effect is size-dependent, meaning that 
smaller particles are more hazardous than bigger ones, and 
the toxic effects are worse as concentration rises. 
Additionally, the shape of ZnO nanoparticles influences 
both how well they interact with cell membranes and how 
well they can enter cells. 

 
 
 
 

II.  MATERIALS & METHODS  

A. Production of Zno Nano Particles 
A 0.9M aqueous solution of Sodium hydroxide is 

prepared in a 100 mL beaker.  This solution is thoroughly 
mixed and heated at 550C. Later, the 0.45 M Zn(NO3)2 
solution was added slowly. This entire mixture is allowed to 
settle and incubated for about 2 hrs for precipitation 
reaction. The Zinc Oxide nanoparticles get precipitated and 
get settled. The precipitated ZnO Nano Particles were then 
vacuum dried at 600C after being washed with millipore 
water, ethanol, and then water. Such produced nanoparticles 
were put in an airtight screw cap flask (10 mL) and kept for 
later research. 

Zinc oxide NPs was diluted with deionized water to a 
capacity of 50 ml, sprayed over the soil, and manually 
stirred to provide a uniform distribution of Zn. To compare 
this, the deionized water is considered as control and this is 
sprayed over the soil. Each treatment was repeated three 
times. The watering was continued to 60% of its water 
holding capacity. Later, it is allowed to acclimatise for one 
day before planting [14]. 

B.  Explant 
The cowpea was collected from the mada forest, 

Korangi, Kakinada. The cowpea seeds were soaked 
overnight. The plumule parts of the embryo were then taken 
out and used as explants  
a. Shoot Length 

In many literature studies, the shoot length varied 
constantly. The application of ZnO nanoparticles was 
correlated with the length of the shoot. The increase of shoot 
length was directly proportional to the dosage of the ZnO 
nanoparticles. The different dosages like 20mg/L, 40mg/L, 
60mg/L, 100mg/L, 150mg/L. Besides these treatments, an 
explant is grown separately without the addition of any ZnO 
NP, which is labelled as control. Shoot length was 
calculated by taking from the base of the root –hypocotyl 
transitions zone upto the base of cotyledons. The shoot 
length was measured by using a scale along with thread 
b. Root Length  

According to some research findings, the root length also 
varied constantly. The application of ZnO nanoparticles was 
correlated with the length of the root. The increase of root 
length was directly proportional to the dosage of the ZnO 
nanoparticles. The different dosages like 20mg/L, 40mg/L, 
60mg/L, 100mg/L, 150mg/L. Besides these treatments, 
explants are grown separately without the addition of any 
ZnO NP, which is labeled as control. Root length was 
calculated by taking from the point below the hypocotyls to 
the end of the tip of the root. The root length was measured 
by using a scale along with thread 
c. Germination Index: 

The germination index is a measure of the percentage 
and speed of germination. This indicates a slight difference 
between each variety in response to temperature and light 
regime.  
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This depends on the relative seed shoot length varied 
constantly. This is determined by taking Seed germination 
rate (RSG) and relative root growth (RRG) Germination 
index (GI) = (RSG\RRG)×100 Relative Seed germination 
rate (RSG) = (Sc/Ss) *100 Relative root growth (RRG)= 
(Rs/Rc)*100 Where Ss is no of seed germinated in sample Sc 
is the no of seed germinated in control Rs is the avg. root 
length in sample Rc is the avg. root length in control 
d. Fresh Weight  

The fresh weight of root and shoot of seedlings was 
determined by weigh of the root and shoot seperately on 
electric balance. The explants of the which are prior treated 
with ZnO Nanoparticles of various dosages like 20mg/L, 
40mg/L, 60mg/L, 100mg/L, 150mg/L were allowed to grow 
invitro and the obtained root and shoot seedling are weighed 
for fresh weight. 
e.  Dry Weight 

The dry weight of root and shoot of seedlings was 
determined by placing the seedlings in a hot air oven at 600C 
for 48hrs, cooled to room temperature and weighed. The 
explants of the which are prior treated with ZnO 
Nanoparticles of various dosages  20mg/L, 40mg/L, 
60mg/L, 100mg/L, 150mg/L were allowed to grow invitro 
and the obtained root and shoot seedling are now weighed 
for dry weight. 
f.  Seed Germination Percentage   
Seed germination (%) = (Sc/Ss) *100 

Where Ss is no of seed germinated in sample Sc is the no 
of seed germinated in control 

III. RESULTS AND DISCUSSION  

Our study deals with the effect of ZnO nanoparticles on 
the growth of the plants. This was tested on cowpea seeds 
where the ZnO nanoparticles were used in different 
concentrations like 20mg/L, 40mg/L, 60mg/L, 100mg/L, 
and 150mg/L (Figure 2). The seed or explants that were not 
treated by any, is considered as control (Figure 1)  

When we compare the results from shoot length to the 
ZnO nanoparticles concentration, the highest growth of 
shoot i.e 15.9 cm was observed with lowest concentration of 
ZnO nanoparticles i.e., 20mg/L. The highest concentration 
of the ZnO nanoparticles showed a negative effect on the 
shoot length when compared to control. When we compare 
the results from root length to the ZnO nanoparticles 
concentration, the highest growth of root i.e. 2.4 cm was 
observed with lowest concentration of ZnO nanoparticles 
i.e. 20mg/L. The results from shoot and root fresh weight to 
the ZnO nanoparticles concentration, the highest fresh 
weight of shoot and root i.e. 0.135 and 0.29 cm respectively 
was observed with 40mg/L concentration of ZnO 
nanoparticles The results from shoot and root dry weight to 
the ZnO nanoparticles concentration, the highest dry weight 
of shoot and root i.e 0.0127 and 0.0041 cm respectively was 
observed with 40mg/L concentration of ZnO nanoparticles. 
The highest Germination index was recorded as 786.2 at 
20mg/L concentration with 100% Seed germination rate.  

Best root and shoot growth is observed at a 
concentration of 20 mg/L. The reduction in growth observed 
at a concentration of 150 mg/L. The different concentration 
of ZnO nanoparticles showed a positive result on seed 
germination rate. The different concentration showed 

enhanced effect on the germination of seed and development 
of seedling in the cowpea seeds. During storage, due to this 
capability, they are more proned for deterioration.  

IV. CONCLUDING REMARKS AND FUTURE 
PERSPECTIVE 

The nanotechnology is a technical area which has 
prompted intense application of Nano Particles in plant 
biology. The nanoparticles results showed a positive effect 
on the seed germination. However, it actually depends on 
Nano Particles concentration, type, shape, genotype of the 
plant. This research showed that Zinc Oxide nano particles 
could stimulate invitro germination of cowpea at 20mg/L 
conc. with no affect on growth and development of 
seedlings. The findings presented reveal that the nano 
particulate form of zinc oxide has a positive effect on the 
early seedling growth of V. radiata. 

 
Fig. 1: Control Cowpea Seeds 

 

Fig. 2: Germinated Cowpea Seeds (at a Concentration of 
100mg/L) 

From the results, the explants which was treated with 
various concentrations of ZnO nanoparticles have showed 
different response in terms of shoot length, root length, 
Fresh weight of root and shoot, dry weight of root and shoot, 
Seed germination (%), Germination index (Table 1).  Each 
of the parameter is measured or determined by its own 
module (Table 2) 

Table-1: Measurement of Growth Characteristics Of 
Cowpea At Different Concentration Of Zno Nps  

(Control, 150mg/L, 100mg/L, 60mg/L, 40mg/L, 20mg/L) 
Within 2 Weeks 
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Table-2: Parameters and Their Measurements 

 

 
Fig. 3: Germinated Cowpea Seeds (at a Concentration of 

20mg/L) 

 
Fig. 4: Germinated Cowpea Seeds (at a Concentration of 

40mg/L) 

 
Fig. 5: Germinated Cowpea Seeds (at a Concentration of 

60mg/L) 

 
Fig. 6: Germinated Cowpea Seeds (at a Concentration of 

100mg/L) 

 
Fig. 7: Germinated Cowpea Seeds (at a Concentration of 

150mg/L) 

 
Fig. 8: Germinated Cowpea Seeds (control) 
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