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  ABSTRACT 

Plants growth and productivity require copper and zinc-oxide in small quantity but these 

nutrients are not readily available to plants. Nanotechnology may be helpful in the effective 

delivery of these nutrients. This study investigated the effects of engineered nanoparticles of 

copper (CuNPs) and zinc-oxide (ZnONPs) as well as bulk copper (bCu) and zinc-oxide 

(bZnO) on the growth and productivity of Solanum lycopersicum L. (tomato) and Phaseolus 

vulgaris L. (bean). The objectives of the study were to determine the effects of CuNPs, 

ZnONPs, bCu and bZnO on the: (i) growth performance of tomato and bean: ii) chlorophyll 

contents of tomato and bean; iii) responses of the enzymatic and non-enzymatic antioxidants 

in tomato and bean; (iv) starch and protein content of tomato and bean; and (v) 

bioaccumulation potentials of tomato and bean. 

Four seeds of tomato and bean were planted separately in 96 pots each containing 1.7 kg of 

sandy loam soil pre-treated with 0 (control), 300, 600 and 1000 mg/kg of CuNPs, ZnONPs, 

bCu, and bZnO. Growth parameters were measured with metre rule, chlorophyll content with 

Acetone incubation method, enzymatic and non-enymatic antioxidants with U-V 

Spectrophotometer, starch and protein contents of were determined following standard 

methods. Data were analysed using two-way Analysis of variance and means were separated 

using Duncan Multiple Range Test at p≤0.05. 

The findings of the study were that: 

i. ZnONPs, CuNPs, bCu and bZnO treatments promoted larger leaf areas (3.00-

14.83 cm2) than the control (1.87-2.04 cm2) and the largest leaf area in tomato was 

promoted by 300mg/kg of ZnONPs (4.93-12.71 cm2). The number of leaves was 

highest in 300mg/kg of CuNPs (10.33-14.00) in beans. All treatments in tomato 

had higher number of leaves (3.00-14.83) than the control (2.67-2.99); 

ii. chlorophyll a, b and total chlorophyll were more in control of bean (2.04, 2.73 and 

3.20 mg/g) respectively than in 300mg/kgZnONPs (1.20, 0.10 and 1.23 mg/kg) 

and similar trend of 1.10,1.40 and 1.45 mg/g) in the control compared to (0.27. 

0.37 and 0.56 mg/kg) recorded in 300mg/kgZnONPs of tomato; 

iii. 300mg/kgCuNPs significantly (p≤0.05) increased ascorbic acid (highest) in bean 

14.50% and 119.5% in tomato, while lycopene contents by 538.00% in bean and 

967.00% in tomato and 1000mg/kgZnONPs significantly increased lycopene 

contents in tomato by 385.5%. Ascorbate peroxidase and superoxide dismutase 

significantly (p≤0.05) decreased respectively in bean by 242.00’% and 448.56% 

while it was54% and 493.93% in tomato; starch (4.20% and 40.15%) in bean and 

tomato; protein (44.93% and 70.15%) contents in the seed of bean and fruit of 

tomato respectively were higher in control than treatments; and 

iv. Zinc was most bioaccumulated (305.00 mg/kg) in 1000mg/kgZnONPs while 

copper bioaccumulated 206.25 mg/kg in 1000mg/kgCuNPs in bean. Highest zinc 

bioaccumulation (312.50 mg/kg) was recorded in 1000mg/kgZnONPs and highest 

copper bioaccumulation (106.25 mg/kg) was recorded in 300 mg/kgCuNPs in 

tomato. 

 

The study concluded that CuNPs and ZnONPs increased the growth, 

bioaccumulation potentials, non-enzymatic antioxidants but reduced enzymatic 

antioxidant, starch and protein contents of bean and tomato. The study 

recommended that 300 and 600 mg/kg of CuNPs and ZnONPs should be used in 

the cultivation of tomato and bean. 
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CHAPTER ONE 

INTRODUCTION 

1.1  Background to the Study 

Nanoparticles are particles with a size of 1 to 100 nanometers (Batista et al., 2015; EPA, 

2007). A particle is a small entity that, in terms of transport and properties, functions as a full 

unit in nanotechnology, diameters are used to further categorize them (Tyagi, 2013). Fine 

particles have a size range of 100 to 2,500 nm, whereas coarse particles have a size range of 

2,500 to 10,000 nm. Ultrafine particles are the same as nanoparticles, which have a size range 

of 1 to 100 nm (Taylor et al., 2013). Nanoparticles could be used in a variety of fields, 

including medicine, optics, and electronics, therefore there's a lot of research going on about 

them (Himanshu, 2013). 

The term "nanoparticle" is commonly used to refer to inorganic materials rather than 

individual molecules. The term "nanoparticles" and "ultrafine particles" are used 

interchangeably since, in the 1970s and 1980s, when the first comprehensive foundational 

investigations using nanoparticles were being conducted in the United States and Japan, the 

two terms were used interchangeably (Granqvist et al., 1976) and they were dubbed "ultrafine 

particles" (UFP) as part of an ERATO project (Hayasi et al., 1997). However, before the 

National Nanotechnology Initiative was started in the United States in the 1990s, the new 

term "nanoparticles" had become more popular (Niklasson et al., 1999). Nanoparticles can 

have size-related features that differ dramatically from fine particles or bulk materials (Buzea 

et al., 2007). 

Nanoclusters have a small size distribution with at least one dimension between 1 and 10 

nanometers. Agglomerates of ultrafine particles, nanoparticles, or nanoclusters make up 

nanopowders. Nanocrystals are single crystals with a diameter of a few nanometers or single-
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domain ultrafine particles with a diameter of a few nanometers (Taylor et al., 2013). 

Nanoparticles have a lengthy history, despite their association with modern science. 

Nanoparticles have been utilized by artisans in Mesopotamia since the ninth century to create 

a glistening look on the surface of pots (Klaus et al., 2016) 

Nanoparticles are of tremendous interest to scientists because they act as a link between bulk 

materials and atomic or molecular structures. A bulk material's physical properties are 

constant regardless of its size, while size-dependent traits are frequently found at the 

nanoscale. As a result, as a material's size approaches the nanoscale and the proportion of 

surface to volume of a material becomes substantial, its properties alter. 

The percentage of the surface in bulk materials larger than one micrometer (or micron) is tiny 

in comparison to the volume in the bulk of the material. The enormous surface area of the 

material, which outweighs the contributions made by the small bulk of the substance, is thus 

largely responsible for the fascinating and often unexpected features of nanoparticles. 

Nanotechnology is used in nanoagriculture to increase plant yields for food, fuel, and other 

purposes. There is a significant knowledge gap on the impacts of nanoparticles on rice, 

tomatoes, corn, and other food crops, according to researchers (Lombi et al., 2012; Nadiminti 

et al., 2013). Engineered nanoparticles (ENs) accumulate and are absorbed differently 

depending on the type of plant, the chemical content, and the size of ENs (Nevious et al., 

2012). Engineered nanoparticles can also be taken up and accumulated by some plants 

(Nevious et al., 2012). Plant cell interactions with ENs alter plant gene expression and 

associated biological pathways, affecting plant growth and development (Ghormade et al., 

2011). ENs can have a wide range of impacts on different plant species depending on their 

form, size, chemical composition, concentration, surface structure, aggregation, and 
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solubility, as well as plant developmental phases, manner, and duration of exposure 

(Radiman et al., 2011). 

1.2  Cowpeas (Phaseolus vulgaris) L. 

Cowpeas are a major food legume crop in Asia, Africa, southern Europe, and Central and 

South America. Cowpeas, a drought-tolerant and warm-weather crop, are well-suited to the 

tropics' drier parts, where other food legumes struggle. It can also fix atmospheric nitrogen 

through its root nodules, and it thrives in poor soils with more than 85% sand, less than 0.2 

percent organic matter, and low phosphorus levels (Singh et al., 2003). It also tolerates shade 

and can be intercropped with maize, millet, sorghum, sugarcane, and cotton (Singh et al., 

2003). Cowpeas are therefore a key part of traditional intercropping systems, particularly in 

the intricate and sophisticated subsistence farming systems of Sub-Saharan Africa's dry 

savannas (Blade et al., 2005). Cowpea haulm (dry stalks) is a lucrative by-product in these 

systems and is used as feed (Kureh et al., 2005). The cowpea (Vigna unguiculata) is one of 

several species of the genus Vigna, which is widely cultivated. V. textilis, V. pubescens, and 

V. sinensis are the four recognized subspecies, three of which are cultivated. 

Phaseolus vulgaris, popularly known as the common bean or kidney bean, is an annual 

herbaceous plant of the Fabaceae family (legume or bean family) that originated in Central 

and South America but is now farmed in many parts of the world for its edible beans (Peltry 

et al.,2014). Green beans are abundant in vitamins B and C, as well as dietary fiber and 

different minerals like iron (Fe), magnesium (Mg), phosphorous (P), and potassium (K). 

Green beans are frequently purchased in canned or frozen form. 
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1.3  Tomato (Solanum lycope rsicum L.) 

Tomatoes are one of the most popular fresh vegetables in the developed world.It is one 

among the world's most economically significant crops (Amini et al., 2005). 

It's also commonly utilized as a raw material in the culinary industry to make derivative 

products like purees and ketchup. Tomatoes are also the most popular vegetable in the 

Mediterranean diet, which is proven to be good for health, especially when it comes to 

chronic degenerative disorders (Leonardi et al., 2000). Chemical constituents such dry 

matter, Brix degree, acidity, single sugars, citric and other organic acids, and volatile 

chemicals have all been used to evaluate tomato fruit quality (Christensen et al., 2006). 

Tomatoes are one of the world's most valued and widely consumed veggies. 

Tomato cultivars differ in fruit size, shape, flavor, color, and skin and flesh firmness, and 

each cultivar is desirable for being fertile and disease resistant. Tomatoes must also be 

resistant to transportation circumstances in order to meet market demands and customer 

preferences, as large-fruit salad-type tomato varieties are becoming more popular. 

Tomatoes and tomato-based products are a major agricultural crop in many parts of the 

world. Tomato juice, paste, puree, ketchup, sauce, and salsa make up more than 80% of all 

tomatoes farmed worldwide (Kimberly et al., 2010). Organic acids, sugars, dietary fibre, 

pectic compounds, proteins, lipids, minerals (potassium, phosphorus, sulphur, magnesium, 

calcium, iron, copper, and salt), vitamins (B1, B2, B3, C, provitamin A, I, and H), and 

antioxidant carotenoids (lycopene, β-carotene) abound in tomato fruit (USDA, 2013).  Due to 

the fact that vegetables are so important in the human diet, the flavor of tomatoes and their 

products is primarily determined by lycopene, β-carotene, and ascorbic acid, all of which 

have daily recommendations of 400-500 grams and 140-150 kg of vegetables per year, 

including 25-32 kg of tomatoes for an adult human (Kadar, 1999; Viskelis, 2005).  
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Nanotechnology, a new and intriguing branch of science, allows for advanced research in a 

variety of fields, and nanotechnological breakthroughs could lead to new biotech and 

agricultural applications. Nanotechnology is developing study in the fields of electronics, 

energy, medicine, and life sciences, including reproductive science and technology, 

conversion of agricultural and food wastes to energy and other useful by products via 

enzymatic nanobioprocessing, chemical sensors, water cleansing, disease prevention, and 

treatment in plants utilizing various nanocides (Carmen et al., 2003; Nair et al., 2010).  

Although fertilizers are critical for plant growth and development, the majority of fertilizers 

applied to plants are rendered ineffective owing to a variety of causes, including leaching, 

photolysis, hydrolysis, and decomposition (Ahmed, 2019). As a result, it's critical to reduce 

nutrient losses during fertilizer application while also increasing crop output by utilizing 

innovative applications made possible by nanotechnology and nanomaterials. Nanofertilizers 

or nano-encapsulated nutrients may have qualities that are beneficial to plants, such as the 

ability to release nutrients on demand and Chemicals/fertilizers that influence plant 

development are released in a regulated manner, and target activity is increased (DeRosa et 

al., 2010; Nair et al., 2010). 

1.4  Effects of Nanoparticles on the Growth and the Development of Plants: 

Depending on the qualities of Nanoparticles, they interact with plants, creating a variety of 

morphological and physiological changes. The chemical composition, size, surface coverage, 

reactivity, and, most critically, the dose at which Nps are effective affect their efficacy 

(Khodakovskaya et al., 2012). Both positive and negative effects on plant growth and 

development have been observed by researchers (Akanbi-Gada et al., 2019 a&b, Hussein et 

al., 2002, and Zhao et al., 2012), and the influence of engineered nanoparticles (ENps) on 

plants is dependent on the composition, concentration, size, physical and chemical properties 
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of ENps, as well as plant species (Ma et al., 2010). The effectiveness of Nps is determined by 

their concentration and varies between plants. Some researchers have looked into using plant 

seeds and tree bark to make nanoparticles (Kuppusamy et al., 2016).  

Although nanomaterials increased seed germination in plants, they can have negative 

consequences in other situations (Lombi et al., 2012). 

The dose of nanoparticles in diverse media, their chemical and physical properties, and the 

mechanisms that allow them to pass through cellular membranes and cell walls are all 

investigated in these cases. Specific features of nanoparticles that may be related to their 

positive and negative impacts, as well as the process behind nanoparticle trophic transports, 

are required (Nevius et al., 2012). Furthermore, present application procedures must be 

evaluated in order to improve nanomaterial efficiency on future targets. Further research into 

the potential hazards associated with the usage of nanomaterials, as well as their potential 

negative impacts, is required (Foss et al., 2009). 

1.5  Statement of Research Problem 

Concerns on the impact of nanoparticles (Nps) on living corganisms have grown as their 

manufacturing and use has expanded. Copper and zinc oxide nanoparticles can be potentially 

used as fertilizers, fungicides, or insecticides (Selivanov and Zorin, 2001; Sreenivasulu, 

2012). The dangers and benefits of the many engineered nanomaterials into the environment 

are now the subject of intense debate (copper and zinc oxide inclusive) (USEPA, 2007). 

However, it is not well understood yet if their effects are different from those of Cu and ZnO 

bulk materials. Because of the growing interest in the influence of Nps, metal and metal 

oxide Nps are receiving special attention particularly Cu and ZnO. Nanostructured Zinc oxide 

and copper fertilizers can improve nutrient efficiency through mechanisms like targeted 
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delivery and slow or regulated nutrient release (Chinnamuthu and Boopathi, 2009). In 

response to environmental stimuli and biological demand, they may precisely release their 

active ingredients. Limited reports underline positive or no adverse effects of Cu and ZnO 

nanoparticles on higher plants and the association of nanoparticles with edible plants, as well 

as their potential consequences for the food chain 

1.6 Justification of the Study  

Nigeria’s population is growing at an alarming rate, so there is need to scale up food 

production to meet up with this increase. Hence there is need to look for other alternative 

sources of improving crop yield aside from using fertilizer which is known to be a double 

edge sword as it improves food produvtivity at the same time pollutes the environment and 

underground water aquifers as leachates. Nanotechnology is a new branch of science that has 

recently gained a lot of attention and it promises to give smart and controlled release 

/delivery of nutrients to plants. Furthermore, Ecotoxicological impact of Cu and ZnO 

nanoparticles is not well documented especially on food crops like tomato and beans, this 

study therefore sought to find out if the interaction of Cu and ZnO nanoparticles will be 

positive or negative on the test plants.  

1.7  Aim of the Study  

The aim of the research was to assess the effects of bulk particles and nanoparticles; Zinc 

oxide (ZnO) and Copper (Cu) on the growth and productivity of tomatoes (Solanum 

Lycopersicum L.) and beans (Phaseolus vulgaris L.). 

1.8  Objectives of the Study 

The specific objectives were to determine the effects of ZnONPs, CuNPs, bCu, and bZnO on 

the: 
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i) growth performances of tomatoes and beans; 

ii) chlorophyll content of tomatoes and beans ; 

iii) yield attributes of tomatoes and beans; 

iv) enzymatic and non enzymatic antioxidants activities in beans and tomatoes;  

v) starch and protein constituents of beans and tomatoes and 

vi) bioaccumulation potential of both beans and tomatoes 

1.9  Contributions and Significance of the Study 

At the end of this research work, it is hoped that the work will give an insight into the effects 

of nanoparticles on the growth and productivity of some economic plants and thus will 

provide baseline information about the effects of nanoparticles on tomatoes and beans. It will 

also serve as reference point to other intending researchers who wish to carry out research in 

Environmental Biology using nanoparticles. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Nanoparticles and nanotechnology 

Researchers in plant science and other fields may use nanotechnology to create new tools for 

incorporating nanoparticles into plants that can enhance existing functions and incorporate 

new ones (Cossins et al., 2014). The role of nanoparticles (Nps) in plant growth and 

development, as well as plant mechanisms, has been a recent focus in plant science. 

Biogenic production of metal oxide nanoparticles from plants, particularly zinc oxide 

nanoparticles (ZnO Nps) received global attention due to its applications in medicines and 

agriculture. Zinc oxide nanoparticles are reported efficiently to provide protection over a 

wider UV spectrum than any molecular UV-absorber, photo catalytic degradation of 

environment pollution, biocompatibility in drug delivery mechanisms and as nanofertilizers 

and nanopesticides (Devalapally et al., 2007; Kulkarni and Muddapur). Nanoparticles have 

been successfully synthesized using extracts from a wide variety of plant species (Shekhawati 

et al., 2014). Different methods of particle characterization and its potential applications in 

medicine are widely discussed by many researchers (Fatoki et al., 2012; Kuppusamy et al., 

2014 and Zhang et al., 2008).       

Engineered nanoparticles (ENPs) have been widely used in the fields of medicine, agriculture 

(nano-fertilizers and nano-pesticides), manufacturing, electronics, and energy production due 

to their high surface to volume ratio and greater numbers of atoms at the particle surface 

(Bandyopadhyay et al., 2013; Gardea- Torresdey et al., 2014; Ghormade et al., 2011). The 

global nanotechnology market is expected to surpass $3 trillion by 2020, according to 

estimates (Venkatesan et al., 2004). 
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Due to their possible applications in microelectronics, semiconductors, optical system 

processing, and optics, hybrid ENPs, such as doped and coated nanomaterials (NMs), have 

gained increased attention in recent years (Ozgur et al., 2005 ; Dhiman et al., 2012 ). 

Commercially accessible silane coupling agent (KH550) coated ZnO NPs and alumina doped 

(Al2O3) ZnO NPs are two significant hybrid NPs used in detectors and optoelectronic 

devices (Zhang et al., 2010 ; Thandavan et al., 2015), Preparation of novel polymer inorganic 

nanocomposites is also included, among other things (Abdolmaleki et al., 2012). High 

reactivity and biocompatibility are two grounds for concern about possible biota toxicity. 

The risk of ENP exposure in the atmosphere has increased as development and usage have 

risen rapidly (Mukherjee et al., 2013).  The environmental health and safety of these newer 

hybridized products, on the other hand, are largely unknown. 

Since the last decade, there has been a surge of interest in acute toxicity research based on the 

biological and ecological effects of ENs in the short term. 

However, research into the effects of ENs in living conditions is still lacking (Hansen et al., 

2008). There is also a knowledge gap in the theory of estimating environmental 

concentrations using the releasing rate as a metric (Moudgil et al., 2006). 

It has been stated that the current theory of chemical and particulate behavior in the 

atmosphere does not match the properties of nanomaterials. Recently, the hypothesis has been 

focused solely on direct measurement and evaluation of existing nanomaterials in living 

systems, with a greater emphasis on the parameters involved in the release process (for 

example, acidity, pH, charged ions, and organic matter level). 
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Two major conclusions were reported by the theories; First, rather than using real 

measurements, the quantity estimation of nanomaterials in water surfaces is based on 

predictions. 

Second, nanomaterials could be dissolved, latched onto chemical molecules/ions, clamped, 

converted into other chemicals by microorganisms, or mineralized until being fully destroyed 

by the dissolution of organic carbon or its generation or the decomposition of organic carbon-

based materials (Savage et al., 2007). According to some sources, whether or not the 

dissolved material is degraded, the dissolution process causes nanoparticles to vanish and 

become less persistent. In theory, manufacturing measurement methods necessitate a greater 

quantity of test materials (Golimowski et al., 2009). 

More comprehensive studies must concentrate on the possibility of possible locations where 

ENs is concentrated, agglomerated, or interact with organic matter (Monteiro et al., 2010). 

This is critical, particularly in the case of wastewater treatment, where it is possible that some 

ENs will accumulate in the sewage. Bioaccumulation is also a possibility due to the 

concentration of ENs in specific organs (Walker et al., 2002). The aggregation of ENs will 

result in sedimentation as a result of the bioaccumulation process, and species will be able to 

pick up ENs by inhalation or ingestion. Some microorganisms can also be transferred through 

epithelial surfaces (such as the lining of the lungs, gills, skin, or intestines) (Sanchis et al., 

2012). 

In the meantime, ENs can be picked up by microorganisms by simple diffusion across cell 

membranes, or even after membrane damage (Sanchis et al., 2012).  In this case, the transfer 

mechanism relies on the dispersion, concentration, and dissolution of ENs prior to ingestion. 
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Furthermore, the waters could concentrate some semiconductor-engineered nanomaterials, 

which could then be directly transferred to the soil or the ecosystem’s food chain 

(Sohaebuddin et al., 2010). A recent analysis of quantum dot transfer in a simple aquatic food 

chain found that nanomaterials could be transferred to rotifers through ciliated protozoan 

dietary uptake (Elliot, 2011). 

According to other research, depending on the material type and food chain, there is some 

scope for transferring nanomaterials across layers of the food chain (Potera et al., 2010). 

Aquatic microorganisms are faced with a challenge because nanomaterials, particularly silver 

nanoparticles, have an antibacterial or virucidal effect on them (Liden, 2011). Studies on 

microorganisms, invertebrates, and fish, for example, have shown a broad variety of effects 

on the presence of various ENs on microorganisms, invertebrates, and fish (Kreider et al., 

2010). The findings so far have pointed to the potential for dangerous effects at lethal and 

sublethal levels (for example, behavior, reproduction, growth, and development) on the 

output of reactive O2 species, inflammatory responses, and cytostatic effects at lethal and 

sublethal levels (for example, behavior, reproduction, growth, and development) (Stamm et 

al., 2012). Some findings on the possible effects on the movement of ENs to embryos, 

aggregation, and food chain transition back this up (Kreider et al, 2010). As compared to 

other colloidal particles, small particles tend to agglomerate or aggregate, which explains 

why it is found in the atmosphere (Bagheri et al., 2013).  

ENs may be present in the atmosphere and are unlikely to be disassociated by dissolution or 

agglomeration (Hansen et al., 2008).There are no peer-reviewed publications on the 

concentration of ENs in environmental compartments, such as surface water or soil, in terms 

of peer-review. 
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Indeed, rather than actual values, EN quantity calculation is based on expected values 

(Holsapple et al., 2005). 

Indeed, the quantity estimate of ENs is focused on expected rather than real values, which 

may be considered appropriate indicators for the accurate calculation of ENs in living system 

risk assessment, which is still being debated (Aitken et al., 2006). When assessing the impact 

of nanomaterials in living systems, several factors should be taken into account, including 

practical exposure concentrations and doses. 

When assessing the impact of nanomaterials in living systems, several factors should be taken 

into account, including practical exposure concentrations and doses. 

This would have influenced ENs bioavailability, which will in turn determine the biological 

uptakes. 

2.2  Gold (Au) nanoparticles 

Gold (Au) is classified as a hazardous material, and the toxicity of Au in ionic or dissolved 

form has been identified in a variety of species (Karamushka et al., 1999). 

The toxicity of Au has been harnessed in the form of Au nanoparticles to serve as 

antibacterial agents in biocide coatings, soap, toothpaste, and shampoo, and it is the most 

commonly used nanoparticle in over 25 consumer items (Catherine et al., 2008). On the long 

run, the development and use of Au nanoparticles in the environment, as well as their 

possible discharge into the environment, can trigger severe toxicity issues (Hauck et al., 

2008). 

Brown mustard (Brassica juncea) and alfalfa (Medicago sativa), for example, showed a rise 

in Au uptake with a corresponding change in Au concentration in the substrate and exposure 

time (Bogdan et al., 2012). Both species are considered hyper accumulators of Au 
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nanoparticles, according to the Au nanoparticles found in the nucleus and the defamation 

applications (Arora et al., 2011). Au nanoparticles are also transported within cells through 

plasmodesmata, according to research conducted by the researchers. 

Images taken with a transmission electron microscope of rice roots showed that different 

sizes of Au particles are deposited in the form of vacuoles (Pereault et al., 2012). The cell 

damage was caused by large Au nanoparticles penetrating through small pores (Katherine et 

al., 2014). In onion (Allium cepa) root tip cells, chromatin bridges, cell disintegration, and 

stickiness have been reported, causing cell division to be disrupted (Feretti et al., 2007). 

2.3  Silver (Ag) nanoparticles  

Rizzello et al. 2014 investigated the potential applications of silver (Ag) nanoparticles in 

biomedicine, including imaging and chemical sensing. Ag nanoparticles are made using 

chemical, electrochemical, photochemical, laser ablations, and other processes. 

While bulk Ag is considered "clean," if Ag nanoparticles are to be mass-produced for in-vivo 

use on a large scale, they must be tested for environmental impact and biocompatibility 

(Fernando and Chris, 1997). Furthermore, exposure data revealed that Ag nanoparticles were 

present in the atmosphere at low but rising concentrations, with estimates ranging between 

0.1 and 2.9 mgl-l in sludge and surface water, respectively (Elizabeth and Christer, 1998). 

According to some research, Ag nanoparticles may have a biological effect at concentrations 

up to 1000 times lower than dissolved Ag+ (Lee et al., 2005) 

Furthermore, some findings revealed that Ag nanoparticles have minor toxicity at doses as 

low as 5 mgl-1,with greater growth inhibitions (Hogstrand et al., 1996). 

Ag nanoparticles in the atmosphere clearly endanger larger plants and, as a result, ecosystem 

function (Adalto et al., 2003). At concentrations of 4500 gmgl-1, 6000 gml-1, and 3000 gml-

1, Ag nanoparticles have negative effects on seed germination, root, and shoot growth in rice 



15 
 

(Oryza sativa), Mung bean (Vigna radiata), and Chinese cabbage (Brassica campestris), 

respectively (Cakmak et al.,1991). 

In addition, Ag nanoparticles with a size of around 40 nm have the potential to be toxic to 

Chlamydomonas reinhardtii algae and Cucurbita pepo (Hans et al., 1999). 

Ag nanoparticles, rather than bulk sizes, caused 4.4 to 10 times more reductions in biomass 

and transpiration rates in Cucurbita pepo (Sahar, 2014; Chen et al., 2012; Howe and 

Merchant, 1992). Meanwhile, for Medicago sativa and Brassica juncea species, the limits of 

absorption and distribution of Ag nanoparticles have been investigated (Inokuchi et al., 

1997).  

The results of a study on zucchini plant seed germination and root growth in a hydroponic 

solution containing Ag nanoparticles revealed no negative effects, but there were decreases in 

plant biomass and transpiration rates when the plants were grown longer in the presence of 

Ag nanoparticles (Colman et al. (2012). Using onion root tips, researchers investigated the 

genotoxic and cytotoxic effects of Ag nanoparticles. 

In onions, Ag nanoparticles inhibited cell division and induced cell disintegration (Yin et al., 

2011; there are some records of more toxic effects in Chlamydomonas reinhardtii algae 

exposed to Ag nanoparticles as AgNO3, at a particle size of 40 nm) (Cheng et al., 2011) 

Some research has focused on the impact of Ag nanoparticles on aquatic plants (Wuncheng et 

al., 1986). The studies used Lemna minor L. clone to investigate the phytotoxicity of Ag 

nanoparticles. 
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The final results showed that even at low concentrations (5 mgl-1), plant growth was 

inhibited after exposure to a large range of Ag nanoparticles (20 to 100 nm). (Hans et al., 

1999). 

Many different studies involving plant media have looked at the effects of Ag nanoparticles 

(Lee et al., 2012). The research looked at soil nematodes, the microbial population in the soil, 

and other related issues. 

While Ag nanoparticles with sizes as small as 29 nm have been shown to reduce the 

germination of lettuce and cucumber seeds (Hans et al., 1999), there has been no evidence of 

a toxic effect on the germination of barley and ryegrass exposed to Ag nanoparticles. Ag 

nanoparticles with sizes less than 100 nm have also been shown to minimize pumpkin 

biomass and transpiration (Cucurbita pepo) (Hans et al., 1999). 

As the concentration of Ag nanoparticles increased, more Ag nanoparticles were found in the 

popular grass Lolium multiflorum (Slade et al., 1993). 

In addition, onion (Allium cepa) has been shown to disrupt metaphase, stickiness, the 

Chromatin Bridge, and have other cytological effects (Slade et al., 1993). Alternative 

approaches, rather than soil media, have been used in the majority of nanotoxicological 

studies on plants so far. The majority of these studies were carried out in aqueous solutions 

like basal medium, deionized water, or Hoagland medium. (Avishai et al., 2018; Nwaichi et 

al., 2016). 

2.4  Cadmium (Cd) nanoparticles 

Mitchell et al. (1999) studied using standard toxicity research methods, the short-term effects 

of Cadmium (Cd) nanoparticles on the root growth of carrot, cucumber, tomato, and lettuce 

species. 
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Seedling growth was found to be inversely related to Cd exposure, with tomato, carrot, 

lettuce, and cucumber serving as the sensitive end points among the test plants. Except for 

tomatoes, root growth has not been significantly inhibited by the existence of Cd 

nanomaterials, but has been surprisingly promoted (Clarke et al.1989). 

Microscopic photographs of the roots of Cd-exposed plants revealed a decrease in root wilt 

and diameter, as well as the disintegration of the root epidermis; the clutter root surface 

showed obvious stress in Cd solution. (Wang, 1996; Groppa et al., 2008 ; Somashekaraiah et 

al.,1992) After the addition of Cd nanoparticles, many root hairs were seen growing and there 

was  lack of disintegration on the surface of the root system were observed, and Cd 

nanoparticles crystals were also detected on the plants’ root surface. 

2.5  Titanium oxide (TiO2) nanoparticles 

Although, titanium oxide nanoparticles (TiO2) are extensively utilized in daily life products, 

the research of their uptake and translocation in the plant is restricted, particularly on food 

crops (Eva et al., 2008). Due to its small size (<5 nm), TiO2 nanoparticles tend to form a 

covalent bond with most of the no-conjugate natural organic matter, translocate, and 

following the tissue and cells’ specific distribution (Feizi et al., 2012). The overall toxic 

effects of TiO2 nanoparticles are found in the algal species, such as Desmodesmus 

subspicatus (Simon et al., 1997). Furthermore, TiO2 nanoparticles produce reactive oxygen 

species upon interaction with organisms or ultraviolet radiation (Kamali, et al., 2013). For 

example, with the presence of TiO2, the root of Arabidopsis thaliana releases mucilage and 

forms a pectin hydrogel capsule in neighboring root (Smalle et al., 2011). 

TiO2 nanoparticles show an increase in nitrate reducates in Soybean (Glycine max), enhanced 

(Minfang et al., 2013) the ability to absorb/use water, and stimulate the antioxidant system. 

For example, TiO2 nanoparticles treated seeds produced plants that had 73% more dry weight, 
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three times higher photosynthetic rates, and 45% rise in chlorophyll a formation compared to 

the control over the germination period of 30 days (Mingfang et al., 2013). The growth rate 

of spinach seeds, on the contrary, was proportional to the size of the materials, indicating that 

the smaller the nanomaterials, the better the germination (Zheng et al., 2005; Yang et al., 

2006). Some studies claimed that the TiO2 nanoparticles might have elevated the absorption 

of inorganic nutrients, accelerated the breakdown of organic substances, and caused 

quenching by oxygen free radicals formed during the photosynthetic process, consequently 

improving the photosynthetic rate (You et al., 2006). To increase seed germination rate, the 

key is the penetration of nanomaterials into the seed. Meanwhile, TiO2, increased plant 

growth in spinach by improving nitrogen metabolism that promotes the adsorption of nitrate 

(Sooyen et al., 2013; Yang et al., 2006). The same study indicated the negative effects of 

TiO2 nanoparticles towards the seed germination percentage and the number of roots for the 

species Oryza sativa L. This, in turn, accelerates the conversion of inorganic nitrogen into 

organic nitrogen, thus increasing the fresh and dry weight (Masfaraud et al., 2011). Using 

bulk and nanosized TiO2 at 60 mgl-1 promoted sage and seed germination percentages 

(Castiglione et al., 2004). Exposure of sage seeds to 60 mgl-1 bulk and TiO2 nanoparticles 

gained the lowest mean germination time, but higher concentrations did not increase the 

mean germination time (Kamali et al., 2013). Application of TiO2 Nanoparticles to seeds 

increased the vigour index of sage compared to the control and bulk TiO2 treatments. 

However, the presence of TiO2 also positively impacted the plants’ growth. For example, 

TiO2 nanoparticles were observed to promote the growth of spinach through an improvement 

in nitrogen metabolism and photosynthetic rate 

2.6  Zinc/zinc oxide (Zn/ZnO) nanoparticles 

Zinc (Zn) and Zinc oxide (ZnO) are categorized as commonly used metal/metal oxide 

engineered nanomaterials. Zn is an essential micronutrient for humans, animals, and plants 
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(Bertsch et al., 2009). ZnO is mostly utilized in a range of applications such as sunscreens 

and other personal care products, solar cells, and photo catalysis, biosensors, and electrodes 

(Ma et al., 2009). According to the analysis of 289 soil samples collected from different 

countries in the world, Zn/ZnO deficiency was found to be the most widespread 

micronutrient deficiency and the fourth most important yield-limiting nutrient after nitrogen, 

phosphorus, and potassium (Adamson et al., 2000). 

Due to its increasing utilization in consumer products, it is quite possible that through both 

accidental release and deliberate application, Zn/ZnO might find their way into atmospheric 

environments, whether terrestrial or aquatic. It induces noticeable effect on many organisms, 

especially on plants, which are an essential base component to all ecosystems (Hussein et al., 

2002). 

A number of researchers described the key role of Zn/ZnO nanomaterials in plant growths 

and yield (Hussein et al., 2002). For example, higher plant mostly absorbs Zn as a divalent 

cation (Zn2+), which acts either as a functional, structural, or as the metal component of 

enzymes or a regulatory cofactor of numerous enzymes. Zn nanomaterials are needed for 

chlorophyll production, fertilization, pollen function, and germination (Sharma et al., 2009) 

among the micronutrients, Zn affects the susceptibility of plants via drought stress (Sharma et 

al., 2009). The germination rate of the plant may be affected in the presence of Zn and ZnO. 

ZnO nanomaterials are hazardous and affect both the chromosomal and the cellular facets 

(Sooyen et al., 2013). Furthermore, the presence of the ZnO nanoparticles also promoted the 

permeation of onion (Allium cepa) roots and effected the roots’ elongation, genetic materials, 

and metabolisms (Reddy et al., 2016; Bai et al., 2010; Stella et al., 2010). The ZnO 

suspension meaningfully inhibited root growth of corn, with the termination of root 

development (Ma et al., 2009; Huang et al., 2002) 
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Growth of roots was halted with seed soaking and incubation in the suspension of Zn/ZnO 

nanoparticles. It also indicates that Zn2+ is more toxic in ryegrass species compared to ZnO 

nanoparticles (Sharma et al., 2009; Adamson et al., 2000; Hussein et al., 2002). The root 

growths are found in seedling of ryegrass, radish, and rape exposed to less than 10 mgl-1 of 

ZnO/Zn nanoparticles. The toxicity of ZnO nanoparticle could not mostly come from its 

dissolution at the root surface, but also inside the tissue (Sooyen et al., 2013). 

The toxicity of ZnO nanoparticle and 𝑍𝑛2+ could be derived by two theories; a chemical 

toxicity based on chemical composition and the stress or stimuli caused by the size, shape, 

and surface of the ZnO nanoparticles (Wang et al., 2004) Both theories significantly affected 

the cell culture response of the plants. A number of mechanisms underlined the efficiency of 

Zn/ZnO. Depending on the plant species and the experimental conditions, the most important 

mechanism may be Zn/ZnO utilization in tissues, called the internal efficiency, or Zn/ZnO 

uptake, called the external efficiency (Fiskesjo et al., 1993). This, in turn, helped ZnO 

nanoparticle enter the root cells and inhibit seedling growth. 

2.7  Copper and copper oxide (Cu/CuO) nanoparticles 

Copper/Copper oxide (Cu/CuO) nanoparticles could block water channels through adsorption 

and increase the possibility for radical penetration into onion roots (Fiskesjo et al., 1993; 

Arambasic et al., 1995; Geremias et al., 2010). This, in turn, spoils the complete stages of 

cell division and cellular metabolism (Arambasic et al., 1995). The bioavailability and 

toxicity of Cu nanoparticles to the Mung bean (Phaseolus radiates) and wheat (Triticum 

aestivum) species employed plant agar test as a growth substrate for the homogenous 

exposure of nanoparticles (Munzuroglu et al., 2002). Wheat crop showed a greater 

accumulation of Cu nanoparticles in its roots due to the roots’ morphology. The 

bioavailability was estimated by calculating the bioaccumulation factor defined as the Cu 
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nanoparticles concentration in the plants, divided by the concentration of Cu nanomaterials in 

the growth media (Keltjens et al., 1998). Growth inhibition of a seedling exposed to different 

concentrations of Cu nanomaterials on Mung bean (Phaseolus radiates) was more sensitive 

compared to wheat (Triticum aestivum) (Keltjens et al., 1998).  A cupric ion released from 

Cu nanoparticles had negligible effects on the concentration ranges, and the apparent toxicity 

was clearly the result of Cu nanomaterials (Ogunkunle et al., 2018). With increasing 

concentration of Cu nanoparticles and agglomeration of particles, the rates of 

bioaccumulation increased (Tani et al., 2005). Bioaccumulation of Cu nanoparticles 

increased with its concentration in the growth media. Some studies demonstrated the plant 

agar test as a good protocol to test phytotoxicity of Cu nanoparticles, which is hardly water-

soluble. Moreover, studies on the effects of Cu nanoparticles on the growth of zucchini plants 

showed reduced length of emerging roots, although the germination of lettuce seeds in the 

presence of Cu nanomaterials showed an increase in the shoot-to-root ratio compared to the 

control plants (Lagriffoul et al., 1998). 

2.8  Tomatoes (Solanium Lycopersicum L.) 

Tomato (Solanium Lycopersicum L.) varies in nutritional value, colour, sugars, and their 

ratios in the fruits differ as well. The two most important carotenoids in tomato fruits are 

lycopene, which determines the fruit’s red colour, and β-carotene, which accounts for 

approximately 7% of tomato carotenoids (Nguyen et al., 2015). Therefore, tomato products 

and their quality can be characterized by the contents of these elements. Humans gets 85% of 

their lycopene from tomatoes and tomato products (leyva et al., 2014) which is the reason 

why tomatoes are used in functional food products (Shi et al., 2012) and sometimes as 

functional foods. Epidemiological studies and other studies associated with the consumption 

of tomato products for the prevention of chronic diseases, such as cancer and cardiovascular 

disease, confirm that tomato products are functional foods and show that lycopene and β-
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carotene act as an antioxidant (Tonucci et al., 1995). Currently preference for natural 

antioxidants, some of which are added intentionally during processing in the food industry 

advocated increasingly in synthetic antioxidants changes by the ‘safer natural mixtures’. This 

option has been made available through the worldwide consumer and some exist inherently in 

foods. Carotenoids comprise the group of the most abundant micronutrients in fruits and 

vegetable; also, their dietary consumption is related to a lower frequency of some cancer 

types of as well as reinforces prevention against the cardiovascular diseases (Chen et al., 

2013). Flower and fruit colour is caused by different types of pigments belonging to the 

terpenoid and phenylpropanoid classes (Lenore and Susan, 2000). Carotenoids, chlorophylls, 

and anthocyanins are the three main groups of pigments. Colour characteristics, in some 

plants, can be determined by domestication of agronomic traits, while in others, the increase 

of these pigments in tissues can occur naturally. This could be applied to tomato 

(Lycopersicum esculentum L.), which has several carotenoids, such as lycopene and β-

carotene, among others. The amount of these carotenoids is principally determined by the 

tomato cultivar and genotype (Viskelis et al., 2015). It has been established that carotene, 

nitrates, and sugar amounts in fruits and root crop vegetables depend on plant genotype, 

meteorological conditions, fertilization, and soil composition (Karkleliene, 2014; Levy, 

2004). The levels of the essential antioxidant vitamins, in contrast with other antioxidative 

defenses, are determined mainly by the plant’s dietary supply. One major vitamin for 

enriching human diets is the antioxidant vitamin C (ascorbic acid). This vitamin can 

counteract the oxidizing effects of lipids by scavenging free radicals that have been found to 

be major promoters of certain diseases (Omenn et al., 1996; Albanes , 1999). Recently, it has 

been demonstrated that carotenoids react cooperatively and synergistically with vitamin C, 

serving to regenerate a pro-oxidant radical carotenoid following the antioxidant reduction  
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of a radical species (Kritchevski et al., 1999). Vitamin C usually found in vegetables and 

fruits, and it is a natural antioxidant. Ascorbic acid plays an important role in biochemical 

processes such as the formation of collagen, absorption of iron, and its involvement in the 

immune response and the synapses. However, a high amount of this antioxidant for human 

could be painful and cause adverse effects. 

2.9  Beans (Phaseolus vulgaris L.)  

 Beans (Phaseolus vulgaris L.) is also known as the common bean, green bean or kidney bean 

which is an herbaceous annual plant that originated in central and south America but is now 

cultivated in many parts of the world (Peltry et al., 2012) widely cultivated for its delicious 

seeds which add flavour and protein to the diets of millions of people throughout the world. 

This ancient crop belongs to the family Leguminosame or Fabaceae and like many other 

legumes it has the ability to fix nitrogen from the air through a symbiotic relationship with 

bacteria housed in root nodules (Wagner, 2011; Wang and Yang, 2017). As a result, common 

bean is high in protein and in many parts of the world it is considered the ‘meat of the poor’ 

(Maphosa and Jideani, 2017). The impressive diversity of colours, textures and tastes of the 

common bean make it a popular choice for people everywhere. In 2010, total world 

production of dry beans was 23 million metric tons, harvested from over 30 million hectares. 

World production of green beans in 2010 was 17.7 million ton, harvested from 15.1 million 

hectares (UNFAO, 2010). Bean leaves have been used to trap bedbugs in houses (Szyndler et 

al., 2013).  Microscopic hairs trichomes on the bean leave entrap the insects (Szyndler et al., 

2013). From ancient times, beans were used as device in various methods of divination. 

Fortune-telling using beans are called favomancy. 

The three commonly known types of green beans are: string or snap beans, which may be 

round or have a flat pod; stringless or French beans, which lack a tough, fibrous "string" 

https://en.wikipedia.org/wiki/Divination
https://en.wikipedia.org/wiki/Favomancy
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running along the length of the pod; and runner beans, which belong to a separate species, 

Phaseolus coccineus. Green beans may have a purple rather than green pod, which changes to 

green when cooked. Wax beans are P. vulgaris beans that have a yellow or white pod. Wax 

bean cultivars are commonly grown. The plants are often of the bush form (Philips et al., 

2003). Compared to dry beans, green and wax beans provide less starch and protein and more 

vitamin A and vitamin C. Green beans and wax beans are often steamed, boiled, stir-fried or 

baked in casseroles. The possible profit and accidental dangers of NPs to the surroundings 

and individual health are crucial to appraise and likely to produce a reduced amount of 

poisonous and more degradable NPs to reduce the ecological hazard in the later years. It has 

been postulated that hundreds of different kinds of products are present in the market place 

and a lot of it might materialize in the coming years with different description and new 

applications (Rajput et al., 2017). 

Furthermore, the era of nanotechnology began in the late 1990s, and the claim of 

nanomaterials to the surroundings reached $ 23.4 billion in 2014 while the global market for 

nanocomposites totaled $ 2.0 billion in 2017 and is estimated to reach $ 7.3 billion by 2022, 

growing at a compound annual growth rate of 29.5% for the period of 2017-2022 (BBC, 

2018). 

The real form of the worldwide discovery of NPs is still relatively unavailable. A current 

Inference indicated that more than 200 metric tons of nano-sized Cu and CuO synthesized or 

Produced in 2010 and yearly 5500 tons of Zn NPs are produced in the form of a wide range 

of products (Conolly et al., 2016; Zuverza-Mena et al., 2015). Moreover, applications of NPs 

are gaining grounds and this increase the number of issues such as ethical, health and safety, 

technological, policy and regulatory, and issues linked to decisively release of NPs into the 

surroundings (Bundschuh et al., 2018; Tiede et al., 2008). Even in the absence of acute 
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toxicity, bioaccumulation and long-term exposure of NPs to plants may have an impact on 

the food chain, which is unrequited or unaccounted for (Tiede et al., 2008). 

Metal oxide NPs of ZnO and CuO; the most important NPs, possess a mixture of 

characteristics of metal materials and nanoparticles. These two nanoparticles are among the 

essential materials needed by plant for metabolic and physiological processes and it has been 

employed for a wide range of useful materials for human use like in cosmetics, as 

semiconductors, in plastic making, glass industry, ceramics, cement, rubber materials, food 

supplements batteries, agricultural industries, environmental remediation, fuel additives, 

textile industries and waste water treatments (Azizi et al., 2017; Rajput et al., 2017; Sturikova 

et al., 2018). 

The use of engineered NPs in agricultural practices and medical sectors has been established 

and this has solved countless challenges as compared to the conservative methods or ways 

(Rai et al., 2018; Raliya et al., 2 017). The moment NPs gets into the soil, it may impact soil 

physical and chemical composition or characteristics, work together with other pollutants, 

form a new novel type of poisonous compounds and distrupt soil microbial functionality, 

plant growth and performance (Loureiro et al., 2018; Rajput et al., 2017; Soni et al., 2015). 

2.10  Bulk Copper and Zinc/Zinc-Oxide on Plant Growth and Developments. 

There are different reports available on the effects of copper and zinc-oxide on plants 

especially beans and tomato. Cherif et al. (2011) reported dose dependent effects of bulk Zn 

on Solanium lycopersicum plant. This research revealed that when about 10, and 50 μmol/L 

of Zn was used to grow tomatoes, growth was stimulated, photosynthetic pigments was also 

enhanced. Enzyme activities were also improved at this low concentration. Enzyme activities 

such as guaiacol peroxidases (GPOD), catalase (CAT), ascorbate peroxidase (APX) and 
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glutathione reductase (GR) but these parameters studied were reduced at elevated 

concentration of 100, and 150 μmol/L of Zn (Cherif et al., 2011). 

Furthermore, Sivasanker et al. (2012) reported that leaf area of tomato decreased with 

increase in the zinc content of the soil. However, it increased at 50 and 100 mg kg-1 soil level. 

It was also reported by John et al. (2013) that there was a decline in chlorophyll content in 

plants exposed to heavy metals stress such as copper. Kumar et al. (2011) also reported the 

tolerance responses of bulk copper and zinc on wheat by examining its biochemicals 

(chlorophyll, protein and proline) contents. It was noticed that increased doses of up to 100 g 

ha-1 copper enhanced / improved the content of chlorophyll, leaf area and yield in Zea mays 

plants as reported by Barbosa et al. (2014). However, there was a decrease in the results 

obtained in the studied parameters at higher doses. Asli et al. (2009) reported several studies 

showing that the concentrations of Zn in seeds are positively correlated with germination. 

Furthermore, Zn supplementation significantly increased percentage of seed germination, 

germination index, and vigour index (Cakmak et al., 2009). Zn is the most critical 

micronutrient affecting protein synthesis and required at the early stage of seed development. 

Patel et al. (2013) reported the growth inhibitory effect of cadmium and arsenic on Phaseolus 

aureus Roxb which was reduced significantly by the application of lower level of zinc (25 

ppm), the researchers further revealed that the application of zinc could not overcome the 

toxicity of cadmium and arsenic beyond levels of 50 ppm. Gurmani et al. (2012) suggested 

that soil application of Zn may increase both quantitative and qualitative yield of tomato.  

Their study also revealed that the concentration of Zn increased in leaves, fruit and root of 

tomato with increasing level of Zn application this was observed when Zn treatments of 5, 10 

and 15 mg kg-1 was used. Sivasankar et al. (2012) reported improvement in growth and yield 

of four different plants due to zinc application. The plants were chilli (Capsicum annuum), 
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marigold (Tagetes erecta), mustard (Brassica juncea) and pigeon pea (Cajanus cajan). The 

observation was made with zinc sulphate treatment of 50, 100,150, 200 and 250 mg/kg  

Luisa and Miguel (2006) observed that dry mass, root length, and foliar area of tomato 

decreased with time when Cu solution ranging from 0.05, 0.15, 0.20, and 0.35 mM Cu 

concentration was applied. Their findings further revealed that copper accumulated more 

heavily in roots than in leaves. Mineral uptake was affected by increasing Cu concentrations 

in solution with calcium (Ca), iron (Fe), and zinc (Zn) contents in leaves. It was further 

observed that the activities of three enzymes studied in leaves (guaiacol peroxidases (GPOD), 

catalase (CAT), and polyphenol oxidase (PPO) increased transiently, probably as an early 

response mechanism against Cu induced oxidative stress. At higher Cu concentrations, this 

defense mechanism broke down and the activities of the enzymes decreased accordingly. 

Copper (Cu) supplementary concentration in sand of, respectively 0 (control) and 10 μg g−1 

(Cu stress) was used to cultivate Cucumis sativus Seedlings and the following observations 

were made by Vinit Dunand et al. (2002). It was shown that the responses of cucumber 

leaves to copper addition depended on their growth stage i.e whether young or matured 

leaves. Furthermore it was revealed that there was reduction in the leaf area of young 

expanding leaves while matured leaves showed a sharp decline in photosynthesis. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Source of Materials and Description of the Varieties 

Zinc oxide nanoparticles (nZnO) and Copper nanoparticles (nCu) were purchased from 

Wacker and Company in Germany in South-East Bavaria. Bulk copper and zinc oxide were 

purchased from Lab trade Nigeria Limited, Ilorin, Kwara State, Nigeria. The seeds for the 

experiment were obtained from Institute of Agricultural Research (IAR), in Ahmadu Bello 

University, Samaru, Zaria, and Kaduna State. The variety of beans that was used is Sam pea 

11 and is a small- sized white bean. The variety of tomato that was used was Roman VF 

which is circular with very small cream seeds. 

3.2  Characterization of Nanoparticles 

Preparation of the nanoparticles was according to the method described by Oh et al. (2007). 

nZnO and nCu in the ratio 1:1 was weighed and was dispersed in double distilled water 

(DDW) to form slurries. This was stirred and evaporated to dryness in an oven at 70⁰C. The 

nanoparticles was further washed with double distilled water, filtered and further dried in an 

oven at 100⁰C for 24 hrs. This was grinded to fine powder with the aid of mortar and pestle. 

3.2.1 Field Scanning Electron Microscopy 

Field Scanning Electron Microscopy (FESEM) was done according to the method described 

by Fatoki et al. (2012). The Field Scanning Electron Microscopy (FESEM) of the 

nanomaterials was viewed separately with the use of a Nova Nano SEM 230 Scanning 

electron microscope at the centre for Nanoscience and Nanotechnology, Sathyabama Institute 

of Science and Technology, Chennai, India.  
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3.2.2 Analysis of Carbon, nitrogen and oxygen 

Carbon, Nitrogen and oxygen analyses were done according to the method of Fatoki et al. 

(2012). Three milligrams (3mg) of the nanoparticle was weighed into a tin capsule which was 

sealed and loaded on Euro Ea analyzer where samples w combusted and analyzed for 

percentage carbon, nitrogen and oxygen content with the aid of Energy Dispersive X-ray 

Spectroscopy (EDX). 

3.3  Determination of the size of Nanoparticles 

Particle size was determined according to the method described by Hong et al. (2014).  Three 

milligrams (3mg) of nZnO and nCu was separately weighed and dispersed into 5mls of water 

to form slurries which were  poured into a digestion flask where  particles were examined 

using a Field Scanning Electron Microscope (FESEM)  and this was used to determine the 

particle size. 

3.4  Determination of the physico-chemical parameters of the soil 

The soil that was used for the experiment was obtained from the University   of Ilorin 

Botanical Garden, Ilorin, Nigeria. The soil was characterized for selected physico-chemical 

parameters according to the standard methods for soil analysis as described by page et al. 

(1982). About one gramme of the soil was weighed and sieved through 1mm sieve to remove 

soil debris and particles. The sieved soil was digested with 1 ml HNO3 and 3 mls HCl; this 

was heated on a hot plate until brownish fumes were expelled. Analysis for cations was done 

using the atomic absorption spectrophotometer (Bulk scientific ACUSSYS 211). pH metre 

was used for the determination of the soil pH while the soil thermometer was used for the 

determination of the temperature of the soil. 
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3.5  Experimental design   

The experiment was carried out in a screen house at the Botanical Garden of the University of 

Ilorin, Ilorin, and Kwara State, Nigeria. This study area falls within the coordinates of 

Longitude 4˚38.920’ E to 4˚39.971’ E and Latitude 8˚28 .230’ N to 8˚28.230’N. 

 Seeds of tomato and bean were sterilized in sodium hypochlorite solution for ten minutes in 

accordance with the method described by USEPA (1996). The seeds used were rinsed with 

double distilled water three times. Viability test was done on the seeds and subsequently, the 

sprouted seeds were used for further experiments. Healthy seeds (at least, four) were grown 

in pots containing 1.7 kg of sandy loamy soil spiked with different quantities nanoparticles 

and bulk particles. It is worthy to note that planting commenced on 1st April and was 

terminated after 12 weeks in June (90 days) for both cropping years (2017 and 2018). The 

treatments consisted of four different concentrations (0, 300, 600 and 1000 mg/kg) each of 

ZnO and Cu bulk and nanoparticles; each was replicated thrice to make a total of 48 pots of 

nanoparticles treated plants and 48 pots of bulk treated plants. A total of 96 pots were used 

for the experiment; 24 pots each for tomato and bean, all laid out in a randomized block 

design (RBD). The growth performances of bean and tomato plants were separately 

determined according to the method of Olayinka et al. (2015). Determination of growth 

performances of the seed of beans and tomatoes commenced 2 weeks after planting and 

continued fortnightly till the emergence of flower and fruits. Measurement of growth 

parameters such as leaf length, leaf breadth, leaf area, stem girth, number of leaves, and 

chlorophyll content also commenced 2 weeks after planting and fortnightly till plants were 

harvested.  
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3.6 Measurement of growth parameters 

3.6.1 Leaf length  

Leaf length was determined by using the metre rule. Three plants were tagged per treatment 

from the experimental pot, three leaves were selected randomly and measurements were 

taken from the base of the leaf to the tip of the leaf. This was done at two weeks interval for 

the three leaves. 

3.6.2 Leaf breadth 

Leaf breadth measurement was done at two weeks interval. Three plants were tagged per 

treatment from the experimental pot, three leaves were selected randomly and measurements 

were taken from the widest part of the leaf with the aid of the aid of thread and extrapolated 

on the metre rule. 

3.6.3 Leaf area 

 Leaf area was determined by using the meter rule to take measurements and substituting 

values obtained in to the following formula:   A =   0.75 x L x B (where A means the area, L 

means the length of the plant, B means the breadth of the plant and 0.75 is a constant used on 

the field to get accurate values on the field). Three leaves were selected per treatment, the 

values obtained were then substituted into the above formula and leaf area was obtained. 

3.6.4 Number of leaves 

For the number of leaves, three plants were tagged from the experimental pot and the number 

of leaves was determined by counting the total number of leaves of each treatment. All the 

number of leaves for the three replicates was summed up and this was computed to be the 

number of leaves. 
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3.6.5 Stem girth  

Stem girth was determined from the tagged plants with the use of thread and the thread was 

later placed on the metre rule to take readings or measurements of the thickness of the plants.    

3.6.6 Chlorophyll content determination 

 Available chlorophyll content was determined according to the method described by Makeen 

et al. (2007). This was by acetone incubation method. Fifty milligram (50 mg) of the leaf 

tissue was weighed, placed in a sample bottle with 5 mls of 80 % acetone. The sample bottle 

was shaken from time to time; it was then placed in refrigerator for 48 hrs. The extracted 

liquid was filtered through glass wool to remove leaf pieces and transferred to another 

graduated tube. A clean cuvette for the Spectrophotometer was obtained and filled with two-

thirds of acetone. The cuvette chamber was wiped with a tissue paper and put into the V-

3000PC Spectrophotometer and the wave length was set at 663nm. The cuvette chamber was 

covered and the Spectrophotometer was set to zero (0) absorbance with the blank in place. 

The blank was removed and saved for the next measurement. The extract was gently swirled 

in the test-tube and a second cuvette was filled with two- thirds full. The cuvette was wiped 

clean, inserted into the Spectrophotometer and the hatch was closed. The wavelength at 663 

was used and results were obtained. These procedures were repeated at wavelength 645nm. 

The chlorophyll contents were determined by using Arnon’s formula.  

Chl a (mg g-1) = [(12.7 ×A663) - (2.6 ×A645] /mg leaf tissue ×ml acetone ------------1   

Chl b (mg g-1) = [(22.9 ×A645) ˗ (4.68×A663)] / mg leaf tissue) × ml acetone --------2 

Chl total = [(20.2 ×A645) + (8.02×A663)] / mg leaf tissue) × ml acetone ---------------3 



33 
 

3.7 Determination of productivity parameters of beans and tomatoes 

Productivity of beans and tomatoes were investigated and recorded as soon as there is 

emergence of flowers and fruits on a weekly basis. Productivity of beans and tomatoes seeds 

was done according to the methods described by Olayinka et al. (2015) with little 

modifications. The following parameters were measured. 

3.7.1 Day to flowering  

This is the number of days it takes for the first flower to emerge from each experimental pot 

after sowing in the pot 

3.7.2 Day to fruiting  

This means days from transplant to the emergence of the first fruit (s). 

3.7.3 Number of fruits or pods per plant 

This parameter was taken at harvest time for beans and periodically at fruit maturity for 

tomato. It was done manually by separating the pods or fruits from the tagged plant. This was 

done for at least three plants per treatment. The total number was taken, and then the mean 

was calculated as the number of fruits or matured pods. 

3.7.4 Number of seeds per pod 

 Number of seeds per pod was determined manually by counting the number of seeds in a 

matured pod. This was done for at least three pods per treatment. 

3.7.5 Number of seeds per plant  

Number of seeds per plant was determined manually by adding the number of seeds on a 

plant, three plants were selected and mean of the total number of seeds were taken. 
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3.7.6 Fresh weight 

Fresh weight was determined after harvest. The plants were uprooted, washed thoroughly 

with water, separated into different parts, the stems, the roots and the leaves. These were 

weighed with a weighing balance and the values obtained were recorded. 

3.7.7 Dry matter  

Dry matter was determined after harvest (12 weeks). The plants were uprooted, washed 

thoroughly with double distilled water, separated into different parts: the stems; the roots; and 

the leaves. Only the leaves and the stem were used because productivity deals with the above 

ground plants parts. This was then dried in an oven for 72 hrs, finally the samples were 

weighed with a weighing balance then the values obtained were recorded. 

3.8  Non enzymatic and enzymatic antioxidants of bean and tomato 

3.8.1 Non enzymatic antioxidant 

3.8.2 Determination of ascorbic acid content  

Determination of ascorbic acid content was performed by the method of Klein and Perry 

(1982). The sample (0.1g) of ripe tomato and that of mature beans after harvest were weighed 

separately and mixed with metaphosphoric acid of about 0.1 g L-1 and left to stand for 45 min 

at 4˚C under constant stirring. It was centrifuged at 15,000× g. About 1 ML of the sample 

was taken from the supernatant and mixed with 2, 6-dichlorophenol-indolphenol acid. The 

absorbance was read at 515 nm. The results were expressed as milligrams of ascorbic acid per 

100 g fresh weight (mg AA 100 g-1 FW). Beckman Coulter Du 730, U-V visible 

spectrophotometer was used. 

3.8.2.1 Determination of total carotenoids: lycopene and beta-carotene 

Lycopene and beta carotene were determine according to the method of Nagata and 

Yamashita (1992). Sample of about 0.1g of either beans or tomato was measured separately 
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and mixed with 20 Ml of hexane: acetone solution (3:2). An aliquot was taken from the 

supernatant and measured at 453, 505 and 663 nm in a spectrophotometer (Beckman Coulter 

Du 730, U-V visible spectrophotometer) and the content of lycopene and beta-carotene was 

estimated using the following equations:  

Lycopene = ˗ 0.0458 A663 + 0.204 A645 + 0.372 A505 ˗ 0.0806 A453 ----------4 

Beta-carotene = 0.216 A663 ˗ 1.220 A645 ˗ 0.304 A505 + 0.452 A453 -----------5 

The quantitative analysis of carotenoids was performed using the method described by Oniga 

et al. (2004) and the results were expressed in carotenoids (mg/g dried weight). The 

carotenoids were extracted in hexane, at room temperature. The content in total carotenoids 

was calculated using the formula: mg carotenoids/g = A× V × 10/ (A1cm1% × G) -------6 

Where A = is the absorbance of solution at 450 nm, V = is the volume (= 50 ml), 

The results were expressed in milligrams per 100 g fresh weight (mg 100 g-1 FW) 

3.8.3 Determination of enzymatic antioxidant activities 

3.8.3.1 Determination of ascorbate peroxidase (APX)  

The method of Nakano and Asada (1981) was used. In this method 1 g of fresh leaf and root 

were separately ground and homogenized with 4 µl 0.5 Mm ascorbate, 10 µl 0.2 mM H2O2, 

plus 886 µl 50 mm potassium phosphate buffer (pH 7.4) and absorbance readings from the 

Spectrophotometer (U-V visible spectrophotometer 725 N), were taken at 290 nm for about 3 

min. 

3.8.3.2 Determination of Catalase activities (CAT) 

Catalase activity in the plant was determined according to the method described by Aebi 

(1974). Plant parts (roots and leaf) were harvested and homogenized with liquid nitrogen. 
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One ml (1ml) of phosphate buffer was added per 100mg plant (fresh weight). The 

homogenates were centrifuged at 4000 × g at 4˚ C for 10 min to remove gross particles plant 

debris. The supernatant was diluted two-fold in phosphate buffer (this was kept aside for 

enzyme activities analysis). To about 666 µl of the initial supernatant, 334 µl of 73 mM H2O2   

was added and absorbance was read at 240 nm for 3 mins. One unit of enzyme activity is 

defined as a decrease in absorbance of 0.001/min at 240nm (U-V visible spectrophotometer 

725 N was used). 

3.8.3.3  Determination of Superoxide dismutase (SOD) 

Superoxide dismutase was determined according to the method of Beyer and Fidovich 

(1987). 1 g of fresh leaf and root samples were homogenized under ice cold conditions in 3ml 

extraction buffer, containing 50 mM phosphate buffer (pH 7.4). A one gram (1 g) of 

Polyvinylpyrrolidone (PVP) and 0.5 % (v/v) Triton X- 100 at 4˚C was centrifuged at 10,000 × 

g for 20 min to obtain a supernatant fraction used for the assay. To about 50-150 µl extract, 

3.5 ml of O2 generating solution containing 14.3 mM methionine, 82.5 µM nitroblue 

tetrazolium (NBT) and 2.2 µM riboflavin were added. The extract was adjusted to a final 

volume of 0.3 ml with 50mM K-phosphate (pH 7.8 and 0.1 mM Na2 EDTA). The reaction 

was allowed to run for 10 min and ended by switching off the light. The change in nitroblue 

tetrazolium (NBT) was determined by reading absorbance at 560 nm (U-V visible 

spectrophotometer 725 N). One unit of SOD is defined as the amount of enzyme that 

produced a 50 % inhibition of nitroblue tetrazolium (NBT) reduction under assay conditions. 

3.9  Stress attributes determination 

3.9.1 Determination of malondialdehyde (MDA) 

Lipid peroxidation of the formed MDA in the sample was determined according to the 

method of Li. (2000). The plant material (0.5 g of the leaf or root) was homogenized using 
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pestle and mortar with 3 ml of 0.5 % thiobarbituric acid in 20 % thiochloroacetic acid 

(w/v).The reacting mixture was incubated at 100˚c for about 30 min and the reaction was 

terminated in cool water. It was centrifuged at 10,000 x g for 10 mins. Absorbance was 

measured spectrophotometrically (U-V visible spectrophotometer 725 N) at three different 

wave lengths of 532, 450 and 600nm. MDA concentration was by the following formula: 

MDA (µmol/L) = 6.45 (A532-A600)-0.56A450 --------------------------7 

3.9.2 Determination of hydrogen peroxide  

Hydrogen peroxide determination was by the method of Nakano and Asada, (1984). The root 

or leaf part of about 0.5 g was harvested and homogenized with liquid nitrogen; about 1 ml of 

phosphate buffer was added per 100 mg. It was centrifuged at 4000 x g at 4˚C for 10 mins to 

remove gross particles plant debris, and then the supernatant was diluted in two-folds in 

phosphate buffer. To 100 µl of the supernatant, 450 µl of 17 m M H2O2 and 450 µl of 25mM 

ascorbate were added. Absorbance was read at 290 nm for 3 mins. One unit of enzyme 

activity is defined as a decrease in absorbance of 0.001/min at 290 nm (U-V visible 

spectrophotometer 725 N). 

3.9.3 Determination of Proline  

 Proline determination was done according to the method described by Carillo et al. (2008). 

This was carried out after three months of germination with 0.5 g of the sample weighed and 

5 milliliters (5 mls) of 80 % ethanol was added to the sample, and was gently shaken to 

ensure homogeneity of the sample. A 100l of the reaction mixture was pippetted and 

another 50l of ethanol was added into the screwed cap tubes, this was sealed and heated at 

95⁰ C in water bath for 20 minutes. This was centrifuged at 10,000 rpm for 1 min. The tube 

contents were transferred into a 1.5 ml cuvette and a Spectrophotometer was used to read the 

result at 500 nm wavelength (Beckman Coulter Du 730, U-V visible spectrophotometer). 
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3.10  Biochemical constituents of tomatoes and beans   

3.10.1 Determination of protein  

Determination of protein was done at three months after germination and this was done 

according to the method described by Milka et al. (2006). The nanoparticles treated bean seed 

were immediately homogenized with 2mL each of water, 0.5mol/L NaCl, 70% ethanol, and 

0.05M acetic acid for 2 hr which had been previously ice-cold with potassium phosphate 

buffer (0.1 M, pH 7.4). The homogenates were centrifuged for 5 min at 4500 rpm and the 

supernatants were saved and used to determine the protein content and this was determined 

by using Bradford assay with the microplate assay and bovine serum albumin as standard (0–

0.75 mg/ml). 

3.10.2 Seed starch  

Seed starch was determined at three months (12 weeks) after germination. The method of 

Verma and Dubey (2001) with little modifications was adopted. A sample of 100mg of dried 

plant sample was grinded in 2mL of 80% ethanol and then heated (80⁰C) in a water bath for 

30min. After cooling to room temperature, the extract was centrifuged at 14000 rpm for 

30min; a process that was repeated twice. The precipitate was dried at 70˚C for 24 hrs. Two 

milliliter (2 mls) of double distilled water was added and the mixture was heated  in a water 

bath at 90˚C for 15 mins. After cooling to ambient temperature, 1 ml of concentrated 

tetraoxosulphate VI acid was added. The suspension was stirred for 15 mins and the final 

volume was adjusted to 5 mls using doubled distilled water. The supernatant starch content 

was quantified following the method of AOAC (1990) and expressed in mg/100 g dry weight. 

Seed starch were determined spectrophotometrically at λ= 490 nm using Beckman Coulter 

DU 730 (UV-Visible spectrophotometer).  
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3.10.3 Determination of copper and zinc contents 

Root were dried in an oven  at 70 ˚ C for 24 hrs and one gram (1g) was measured, it was 

grinded with pestle and mortar then weighed into a clean digestion flask. About 9 ml of Conc. 

HNO3 and 3 ml of Conc. HCl was added (3:1). The sample was heated on a hot plate until all 

brownish fumes were expelled and solution filtered. The filtrate was diluted to 25 ml-mark 

with a deionised water and analysed for Cu and Zn content with the Atomic Absorption 

Spectrophotometer at 350 nm (Beckman Coulter Du 730, U-V visible spectrophotometer). 

3.10.4 Statistical analysis 

Data were subjected to two ways Analysis of Variance (ANOVA) and this was to analyse the 

results of the effects of the nano and bulk particles to check if there were significant 

interactions in the results obtained. Duncan multiple range test (DMRT) was used to separate 

the means in the concentrations and the metal salt of the bulk and nano particles used at 0.05 

level of significance using SPSS version 23 Software.  
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CHAPTER FOUR 

RESULTS 

4.1 Characterization of the nanoparticles used  

Figure 1 shows the nCu as shown by Field Emission Scanning Electron Microscopy 

(FESEM) and Energy Dispersive X-ray Spectroscopy (EDX). The width of nCu was 8.2nm. 

X-ray diffraction peaks of copper nanoparticles (nCu) at low and high magnifications are 

presented in Fig. 2. There are some sharp peaks of light intensity and this sharp diffraction 

peaks are an indication of the good crystalline nature of copper nanoparticles which is 

inevitably responsible for its relative purity. 

The EDX technique is a non-destructive analysis which is of particular interest to this 

research because it ensures quality control assurance and product maximization. The 

relevance is to detect elements present in the copper and zinc oxide nanoparticles. The EDX 

structure of the copper nano revealed the presence of oxygen, while carbon and nitrogen 

compounds were absent (Fig.1). 

Figure 3 shows Field Emission Scanning Electron Microscopy (FESEM) and Energy 

Dispersive X-ray Spectroscopy (EDX) structure of Zinc oxide nanoparticles (nZnO). There 

are some strong X-ray diffraction peaks of nZnO as in the case of nCu. The presence of 

oxygen was also observed while carbon and nitrogen were absent in the zinc oxide 

nanoparticles as shown in Fig. 4 
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a                                                                                     b     

Figure 1: FESEM micrograph of nCu particles used for the experiment at (a) high 

  and (b) low 
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Figure 2: Energy-dispersive X-ray spectroscopy (EDX) of nCu nanoparticles 
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a                                                                                 b 

Figure 3: FESEM micrograph of nZnO nanoparticles used for the experiment at (a) 

  high and (b) low magnifications.  
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Figure 4: Energy-dispersive X-ray spectroscopy (EDS) of nZnO particles 
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Table 1 presents the physicochemical properties of copper nanoparticles (nCu). The 

molecular weight of nCu as revealed by Energy Dispersive X-ray spectroscopy (EDX) was 

90.29 g/ml and its density was 70.07g/cm3. Copper nanoparticles are black brown in 

appearance with an average particle size of 25nm. It is spherical or rod-like in shape. The 

nCu contained about 9.7 g/ml of oxygen while carbon and nitrogen were absent. 

Table 2 shows the physicochemical properties of zinc oxide nanoparticles (nZnO). The 

molecular weight of nZnO as revealed by Energy Dispersive X-ray spectroscopy (EDX) was 

68.29 g/ml and the density was 34.51g/cm3. Zinc oxide nanoparticles are crystalline (white) 

in nature with an average size of less than 100 nm. It is irregularly shaped with diverse sizes. 

The oxygen content of nZnO was 31.71 g/ml while carbon and hydrogen were absent. 

4.2  Physico-chemical parameters of the soil used for the experiment 

Table 3 shows the physico-chemical parameters of the soil used for the experiment. The 

metals investigated in the soil were magnesium (Mg) which was 1.01 ppm, calcium (Ca) was 

8.62ppm, Sodium (Na) was 93.21 ppm, Potassium (K) was 10.56 ppm, Phosphorous (P) was 

54.3ppm, pH was 6.40, Electrical Conductivity (E.C) was 30.00 S/m and insitu temperature 

was 30.36◦C. 

4.3 Leaf lengths of beans 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on leaf length of 

bean plants during 2017 and 2018 cropping seasons are presented in Tables 4-7.  

There was a significant interaction (p ≤ 0.05) between the metal salts and concentration on 

the leaf length of beans of 2017 cropping season at 2-8 WAP while significant highest leaf 

length was recorded with the use of copper nanoparticles (nCu) at 2-8 WAP and significant 

lowest value was however recorded in the control plants (Table 4). The control produced the 
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shortest leaves. However, 300 and 600 mg/kg of the metal salts were found to be statistically 

the same (p ≤ 0.05). At 2, 6, and 8 WAP all treatments produced same sized leaves 

statistically (P ≤ 0.05). Table 4 shows that treatment had significant interactive effective 

effects. In addition, the shortest leaves were obtained in the control plants. The nanoparticles 

enhanced the leaf lengths of beans with nCu producing the longest leaves. In addition, the 

nanoparticles produced longer leaves than the respective bulk metal/compound. The 

nanoparticles produced the longest leaves at 4 WAP which reduced at 6 WAP. On the other 

hand, the bulk metal increased the leaf lengths throughout the experiment while n ZnO 

produced the values that were close to that of nCu. 

Table 5 shows the interactive effects among metal salts and the different concentrations on 

the leaf length of bean in 2017 cropping season. The data generated showed that all 

treatments produced beans with longer leaves than the control. 

Table 6 shows the effects of nanoparticles and bulk particles on leaf length of beans in 2018 

cropping season. The nanoparticles better enhanced the leaf lengths of beans than the bulk. 

The leaf length increased throughout the period of the experiment. Copper nanoparticles 

treated beans produced beans statistically longer leaves than the nZnO. All treatments have 

significantly (p ≤ 0.05) longer leaves than the control. The 300 and 600 mg/kg treatments 

had same leaf lengths statistically. The treatments had significant interactions (p ≤ 0.05) on 

leaf lengths of beans in 4-8 WAP (Table 6). Furthermore, significant largest leaf lengths were 

recorded in the nano zinc oxide 300 mg/kg treated plants at 4 WAP (Table 7). Similar trends 

were observed at 6 and 8 WAP. Leaves of nanoparticles treated plants were longer than the 

bulk-treated plants statistically at (p ≤ 0.05) but at 8 WAP, n ZnO -treated plants produced 

statistically the same (p ≤ 0.05) leaf lengths. 
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Table 1: Physico-chemical parameters of copper nanoparticles 

Physico-chemical parameters Description 

 

Molecular weight (g/ml) 90.29 g/ml 

Appearance Black-brown 

Morphology Spherical/rod shaped 

Particle size 25 nm 

Density 70.07 g/cm3 

Oxygen content 9.71 g/ml 

Carbon content Absent 

Nitrogen Absent 
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Table 2: Physico-chemical parameters of zinc oxide nanoparticles 

Physico-chemical parameters Description 

Molecular weight (g/ml) 62.29 g/ml 

Appearance Crystalline white 

Morphology irregular 

Particle size < 100 nm 

Density 34.51g/cm3 

Oxygen content 31.71 g/ml 

Carbon content Absent 

Nitrogen Absent 
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Table 3: Physicochemical parameters of the soil used  

Studied parameters Values 

Magnesium (Mg) (ppm) 1.01 

Calcium       (Ca) (ppm) 8.62 

Sodium        (Na) (ppm) 93.21 

 Potassium  (K) (ppm) 10.56 

Phosphorus  (P) (ppm) 54.30 

pH 6.40 

Electrical conductivity (S/m) 30.00 

Temperature (T˚) 30.36 

Copper (mg/kg) Not detected 

Zinc (mg/kg) Not detected 
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Table 4: Effects of nanoparticles and bulk particles (nCu and ZnO) on leaf length 

  (cm) of beans for 2017 cropping season. 

 

Leaf length (cm) 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu 4.73a 5.02a 4.73a 4.82a 

nZnO 3.51b 4.16b 3.93b 3.88b 

bCu 1.99d 2.27c 3.18b 3.05b 

bZnO 2.49c 2.68c 3.93b 3.75b 

Concentrations     

Control 1.85c 1.92c 2.02c 2.25c 

300 mg/kg 4.06a 4.68a 4.81a 4.78a 

600 mg/kg 3.72b 4.12a 3.93b 3.96b 

1000 mg/kg 3.08b 3.40b 3.73b 4.51a 

Interaction 0.000* 0.008*   0.028*  0.011*  

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05. nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 5: Interactive effect between metal salts and various concentrations on the 

  leaf length of beans for 2017 cropping season 

 

Metal salt 2 WAP 4 WAP 6 WAP 8 WAP 

Control 2.17±0.15ef 2.03±0.58ef 1.8±0.82f 2.00±1.00ef 

nCu 300 mg/kg 5.37±0.57ab 6.00±1.00a 6.17±0.29a 5.17±0.90ab 

nCu 600 mg/kg 5.50±0.44ab 6.70±0.0.75a 5.33±2.10ab 5.80±1.15ab 

nCu 1000 mg/kg 5.87±0.90ab 5.33±1.26ab 5.63±0.64ab 6.30±0.60a 

nZnO 300 mg/kg 5.33±0.42ab 6.33±1.15a 6.00±1.00a 6.23±1.70a 

nZnO 600 mg/kg 4.10±0.79cd 4.73±1.17cd 4.50±1.32cd 3.70±0.52de 

nZnO 1000mg/kg 2.43±1.53ef 3.53±2.34de 3.40±2.60de 3.53±2.45de 

bCu 300 mg/kg 2.43±0.57ef 2.73±0.11ef 3.00±0.00de 3.27±0.21de 

bCu 600 mg/kg 1.97±0.57ef 2.03±0.15ef 2.24±0.25ef 2.67±0.58de 

bCu 1000 mg/kg 2.00±0.00ef 2.50±0.00ef 3.07±0.12de 3.77±0.25de 

bZnO 300 mg/kg 3.10±0.10de 3.67±0.29de 4.81±1.46cd 4.40±0.44cd 

bZnO 600 mg/kg 3.30±0.17de 3.00±0.00de 3.93±1.59de 3.67±0.58de 

bZnO 1000mg/kg 2.03±0.58ef 2.23±0.25ef 3.73±1.64de 4.43±0.60cd 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide. 
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Table 6: Effects of nanoparticles and bulk particles (nCu and ZnO) on leaf length 

  of beans (cm) during 2018 cropping season. 

 

Leaf length (cm) 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu 4.59a 4.62a 4.71a 5.09a 

nZnO 3.55b 4.13a 4.53a 4.55a 

bCu 1.8d 2.38c 2.31c 2.26c 

bZnO 2.32c 2.59c 2.48c 2.40c 

Concentrations     

Control 1.84d 1.83d 2.08c 2.25c 

300 mg/kg 3.78b 4.38a 4.48a 4.36a 

600 mg/kg 3.74b 4.22a 4.02a 4.09a 

1000 mg/kg 3.11b 3.36b 3.51b 3.61b 

Interaction 0.135  N.S 0.000*   0.028*   0.011*   

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 7: Interactive effect between metal salts and various concentrations on the 

  leaf length (cm) of beans during 2018 cropping season 

 

Leaf length (cm) 

Metal salt 4 WAP 6 WAP 8 WAP 

Control 1.87±0.29ef 1.85±0.82ef 2.60±0.56cd 

nCu 300 mg/kg 5.33±1.19ab 6.17±0.29a 5.43±0.90ab 

nCu 600 mg/kg 6.40±0.69a 5.40±2.12ab 6.40±0.44a 

nCu 1000 mg/kg 4.67±0.76bc 4.73±0.46bc 5.77±0.89ab 

nZnO 300 mg/kg 6.00±1.00a 6.00±1.00a 6.27±1.70a 

nZnO 600 mg/kg 4.50±1.32bc 5.00±0.50ab 4.77±0.67bc 

nZnO 1000 mg/kg 4.17±1.26bc 5.33±0.58ab 4.57±1.40bc 

bCu 300 mg/kg 2.86±0.12cd 2.77±0.25 cd 2.80±0.00cd 

bCu 600 mg/kg 2.43±0.15de 2.17±0.15de 2.00±0.00de 

bCu 1000 mg/kg 2.50±0.00de 2.07±0.11de 2.20±0.10de 

bZnO 300 mg/kg 1.80±0.10ef 3.00±0.00c 2.93±0.57c 

bZnO 600 mg/kg 3.53±0.45c 3.50±0.00c 3.20±0.00c 

bZnO 1000 mg/kg 2.10±0.10de 1.90±0.10de 1.90±0.10ef 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide.  
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4.4  Leaf breadth in beans 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on leaf breadth of 

bean plants during 2017 and 2018 cropping seasons are presented in Tables 8-11. 

Table 8 shows the effects of nanoparticles and bulk particles on leaf breadth of beans for 

2017 cropping season. The nanoparticles better enhanced the leaf breadth of beans than the 

bulk particles and the control. The leaf breadth continued to increase throughout the period of 

the experiment in copper nanoparticles treated plants but in zinc oxide nanoparticles treated 

plant, a decrease in leaf breadth was observed at 6-8 WAP. All treatments were significantly 

higher than the control (p≤ 0.05). There was a significant interactive effect (p≤ 0.05) 

between the metal salts and concentration on the leaf breadth of beans in 2017 cropping 

season at 2-8 WAP. Significant thickest leaf breadth was recorded in nCu and nZnO from 2-6 

WAP while there were no significant differences in the metal salts at 8 WAP (Table 8). 

Table 9 shows the interactive effects among metal salts and the different concentrations on 

the leaf breadth of bean in 2017 cropping season. The data generated showed that all the 

treatments produced beans with wider leaf breadth than the control, copper and zinc oxide 

nanoparticles had the same effects of increasing the leaf breadth more than the bulk copper 

and zinc compounds. Meanwhile bulk compounds increased the leaf breadth linearly 

throughout the period of the experiment but nanoparticles compounds decreased the leaf 

breadths between 6-8 WAP. 

Furthermore, nCu 300 and 600 mg/kg recorded the most significant leaf breadths at 2 WAP 

and the shortest value of leaf breadth was found in the control plants (Table 9). At 4WAP, the 

most significant (p≤ 0.05) metal was nZnO 300 mg/kg and similar trend was found in 6 

WAP. Meanwhile, bZnO 300 and 600 mg/kg had the widest leaf breadth at 8 WAP for 2017 

cropping season. 
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Table 10 shows the interactive effects among metal salts and the different concentrations on 

leaf breadth of beans in 2018 cropping season. The data obtained revealed that nanoparticles 

compounds treated beans had wider leaf breadth in comparison with the bulk treated plants 

and that nanoparticles copper produced pronounced leaf breadth than the zinc oxide 

nanoparticles. Moreover, the effect of 300 and 600 mg/kg treatments is greater than that of 

1000 mg/kg treatment. In addition, there were also significant interaction (p≤ 0.05) between 

the metal salts and concentration on leaf breadth of beans at 2-6 WAP of 2018 cropping 

season. 

Significant widest leaf breadth was recorded in nCu and nZnO treatments from 2-6 WAP 

while significantly narrow leaf breadth was recorded in bulk Cu and ZnO (Table 10). 

Irrespective of the metal salt, the control recorded significantly lowest (p≤ 0.05) leaf breadth 

from 2-6 WAP. However, the control, 300, 600 and 1000 mg/kg of the metal salts produced 

statistically the same leaf breadth at 8 WAP (Table 10). It should be noted as well that there 

was no significant interactive effects between the metal salts and concentrations on leaf 

breadth at 8 WAP. 

Table 11 shows the interactive effects among metal salts and different concentrations on the 

leaf breadth of beans in 2017 cropping season. All nanoparticles treatments had values that 

were greater than the control; this means that the treatment had significant effects on the leaf 

breadth in beans. Meanwhile, copper nanoparticles had values that were greater than zinc 

oxide nanoparticles treated plants but nanoparticles treated plants produced significantly 

widest leaf length than their corresponding bulk counterparts. Furthermore, at 2 WAP, nCu 

300 mg/kg recorded the most significantly (p≤ 0.05) widest leaf breadth in beans in 2018 

cropping season. The most narrow leaf breadth was recorded in the control. At 4-6 WAP, 

similar trend were observed with the highest significant leaf breadth found in nCu 
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Table 8: Effects of nanoparticles and bulk particles (Cu and ZnO) on leaf breadth 

  (cm) of beans during 2017 copping season. 

 

Leaf breadth (cm) 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu 2.11b 2.45a 2.49a 2.56a 

nZnO 2.69a 2.72a 2.22ab 2.39a 

bCu 1.53c 1.53c 1.79c 2.51a 

bZnO 1.91c 1.90c 2.20bc 2.78a 

Concentrations     

Control 0.75c 1.43c 1.82c 2.33a 

300 mg/kg 2.39b 2.71a 2.55a 2.43a 

600 mg/kg 2.84a 2.15b 2.22b 2.67a 

1000 mg/kg 2.24b 2.30b 2.00b 2.82a 

Interaction 0.000* 0.000*   0.000* 0.000* 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 9: Interactive effect between metal salts and various concentrations on the 

  leaf breadth (cm) of beans during 2017 cropping season 

 

Leaf breadth (cm) 

Metal salt 2 WAP 4 WAP 6 WAP 8 WAP 

Control 0.40±0.26g 1.63±0.29cde 1.98±0.51cde 2.67±0.58bcd 

nCu 300 mg/kg 3.20±0.20a 3.13±0.12a 2.63±0.15bcd 2.10±0.10bcd 

nCu 600 mg/kg 3.17±0.15a 2.47±0.23bcd 2.47±0.58bcd 1.92±0.10de 

nCu 1000 mg/kg 2.60±0.10bcd 2.57±0.50bcd 2.90±0.57ab 1.50±0.00de 

nZnO 300 mg/kg 2.77±0.59bcd 3.50±0.87a 3.30±0.26a 2.17±0.06bcd 

nZnO 600 mg/kg 2.63±0.51bcd 2.53±0.84bcd 2.20±0.35bcd 2.30±0.30bcd 

nZnO 1000 mg/kg 1.57±1.24de 3.20±0.50a 1.40±1.00ef 2.20±0.35bcd 

bCu 300 mg/kg 2.00±0.00cde 1.73±0.21ef 2.10±0.10bcd 2.47±0.11bcd 

bCu 600 mg/kg 1.37±0.41ef 1.78±0.13ef 1.92±0.10ef 2.50±0.50bcd 

bCu 1000 mg/kg 1.50±0.00ef 1.53±0.15ef 1.50±0.00ef 3.10±0.44a 

bZnO 300 mg/kg 2.20±0.10bcd 1.90±0.10cde 2.17±0.06bcd 3.37±1.44a 

bZnO 600 mg/kg 2.23±0.23bcd 1.97±0.06cde 2.30±1.0.30bcd 3.43±0.21a 

bZnO 1000 mg/kg 1.94±0.03cde 1.97±0.21cde 2.20±0.35bcd 2.33±0.58bcd 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide.  
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Table 10: Effects of nanoparticles and bulk particles (Cu and ZnO) on leaf breadth 

  (cm) of beans during 2018 cropping season. 

 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu 2.70a 2.48a 2.49a 2.40a 

nZnO 2.72a 2.70a 2.45a 3.11a 

bCu 1.46c 1.69c 1.60c 1.73c 

bZnO 1.93b 1.61c 1.52c 1.60c 

Concentrations     

Control 1.78b 1.28b 1.72b 2.28a 

300 mg/kg 2.50a 2.48a 2.31a 2.24a 

600 mg/kg 2.48a 2.43a 2.25a 2.20a 

1000 mg/kg 2.21a 2.24a 1.75b 2.07a 

Interaction 0.000* 0.001*   0.005* 0.65 N.S 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 11: Interactive effect between metal salts and various concentrations on the 

  leaf breadth (cm) of beans during 2018 cropping season 

 

Leaf breadth (cm) 

Metal salt 2 WAP 4 WAP 6 WAP 

Control 1.17 ±0.76 hi 1.23±0.29hi 1.28±0.51hi 

nCu 300 mg/kg 3.53±0.41a 3.33±0.15a 3.07±0.46ab 

nCu 600 mg/kg 3.17±0.42ab 3.07±0.12ab 2.50±0.44cde 

 nCu 1000 mg/kg 2.93 ±0.12cde 2.47±0.38cde 2.40±0.53cde 

nZnO 300 mg/kg 2.80±0.50cde 3.00±0.50ab 3.30±0.26a 

nZnO 600 mg/kg 3.00±0.20 ab 3.17 ±0.76ab 2.77±0.38cde 

nZnO 1000 mg/kg 2.57±0.76cde 3.30±0.17a 1.77±0.46efg 

bCu 300 mg/kg 1.83±0.06efg 2.10±0.10cde 1.57±0.599efg 

bCu 600 mg/kg 1.33±0.31gh 1.70±0.10efg 1.87±0.58efg 

bCu 1000 mg/kg 1.43±0.06gh 1.40±0.10gh 1.29±0.00gh 

bZnO 300 mg/kg 1.83±0.06efg 2.48±0.61cde 1.30±0.10gh 

bZnO 600 mg/kg 2.40±0.10cde 2.43±0.79cde 1.87±0.11efg 

bZnO 1000 mg/kg 1.90±0.10ef 2.24±0.78cde 1.63±0.23efg 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.5  Leaf Area in Beans 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on leaf area of 

bean plants for 2017 and 2018 cropping seasons are presented in Tables 12-15. 

Table 12 shows the effects of nanoparticles and bulk particles on the leaf area of beans in 

2017 cropping season. Copper and zinc oxide nanoparticles enhanced the leaf area of beans 

in 2017 cropping season. Copper and zinc oxide nanoparticles enhanced the leaf area of 

beans with nCu producing the largest leaf area. However, the nanoparticles generally 

produced larger leaf areas than the respective bulk metals/compounds the nanoparticles 

produced larger leaf areas at 4 WAP which reduced at 6 WAP and increases at 8 WAP. On 

the other hand the bulk treated plants increased at 2 WAP but decreased between the periods 

of 4-6 WAP and later peaked at 8 WAP during the course of the experiment. In the same vein 

bulk copper showed improvement over bulk zinc oxide but generally, bulk effects on the leaf 

area of beans is less compared with the nanomaterials/ compounds. It should be noted that 

there was no significant (p≤ 0.05) interactive effects of the metal salts with the concentration 

on the leaf area of beans at 8 WAP and that 300 and 600 mg/kg produced better results by 

enhancing the leaf area while 1000 mg/kg treatment decreased the leaf area. 

There were significant interactive effects between the metal salts and concentration on leaf 

area of beans during 2-6 WAP in 2017 cropping season (p≤ 0.05) (Table 12). 

Table 13 shows the interactive effects among metal salts and their different concentrations on 

the leaf area of beans in 2017 cropping season. All treatments produced leaf areas that were 

better enhanced than the control. Copper treated plants also produce leaves with wider leaf 

area across the weeks. It should however be noted that bulk zinc oxide showed tremendous 

improvements over bulk copper in terms of enhancing the leaf area of beans in 2017 cropping 

season. Nanoparticles treated plants produced the most significant (p≤ 0.05) leaf areas and 
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the data obtained was high from young age and continued to fluctuate through out the period 

of the experimentation except with nCu that deviated from this pattern while bulk treated 

plants produced data that were low in young age but later increased along the line. 

At 2-6 WAP, nCu 300, 600 and 100 mg/kg treatments were particularly wider than all other 

leaf areas (Table 13). Furthermore, there were significant interactive rffects between the 

metal salts and concentration at 2-6 WAP in 2018 cropping season (p≤ 0.05). Irrespective of 

the metal salt used, the control produced the lowest significant leaf areas (p≤ 0.05) (Tables 

12 and 14). 

Table 14 further shows the effect of nanoparticles on leaf area of beans in 2018 cropping 

season. All treatments produced leaf areas that were better enhanced than the control plants. 

Nanoparticles treated plants produced data that were higher than bulk treated plants and this 

was particularly so with copper nanoparticles at 2-8 WAP. In the same vein, bulk zinc oxide 

had an edge or improvement over the bulk copper interms of leaf area enhancement. 

Furthermore, leaf area of the nanoparticles treated plants continued to decrease over the 

period of exposure of the plant meanwhile bulk particles treated plants fluctuates 

progressively over the period of experimentation. There were no significant interactive 

effects of the metal salt with the concentration (p≤ 0.05) on the leaf area of beans in 8WAP 

of 2018 cropping season. 

Table 15 shows the interactive effects among metal salts and their different concentration on 

the leaf area of beans in 2018 cropping season. A ll treatments produced better leaf area than 

the control; nanoparticles treatment better enhanced the leaf area better than their 

corresponding bulk compounds during 2 WAP while zinc oxide nanoparticles better 

enhanced it during 4-6 WAP. There was no particular pattern of growth for the data of the 

leaf area of beans from nanoparticles treated plants. Bulk copper treated plants increased the 
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leaf area at age of 2-6 WAP while bulk zinc oxide treated plants showed fluctuations or no 

particular trend in the growth pattern of the leaf area in 2018 cropping season of beans. 

Table 15 further shows that leaf areas were significant (p≤ 0.05) at 2-6 WAP 300, 600, and 

1000 mg/kg treatments while bulk particles (bCu 1000, and bZnO 1000 mg/kg) treatmetns 

produced very low leaf areas though they were not the most significantly lowest values 

recorded. 

4.6  Number of leaves in beans 

Descriptive statistics of the Cu and ZnO effects of bulk and nanoparticles on number of 

leaves in bean plants in 2017 and 2018 cropping season are presented in tables 16-19. 

In table 16, copper nanoparticles produced the highest number of leaves in beans in 2017 

cropping season; this was followed by zinc oxide. Furthermore, bulk copper produced 

number of leaves that were lower than the control. Efficacy of treatments 600 and 1000 

mg/kg reduced progressively during 2-6 WAP of the period of experimentation. 

There were significant interactive effects among the metal salt and concentration on number 

of leaves of beans in 2017 and 2018 cropping seasons during 2-8 WAP. The metallic salts 

that produced significantly highest number of leaves were nCu and nZnO (Table 16). 

In table 17, copper nanoparticles produced number of leaves that were higher than zinc oxide 

nanoparticles during 2-4 WAP while the highest was produced during 6-8 WAP in nZnO. It 

is worthy to note that during 2 WAP, bulk zinc oxide 300 and 600 mg/kg treatments 

produced number of leaves that were higher than that produced by the control. 

In all the weeks except during 2-4 WAP, the control produced the lowest significant (p≤0.05) 

number of leaves. During 2-4 WAP of 2017 and 2018 cropping season, the most significant 
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number of leaves was with nCu 300, 600 and 1000 mg/kg (Table 17) while the least 

significant number of leaves was produced by the control. 

In table 18, copper nanoparticles produced number of leaves that were higher than all other 

treatments and the number of leaves fluctuates throughout the period of experimentation. 

There was no particular pattern in the number of leaves produced with zinc oxide 

nanoparticle and bulk copper while bulk zinc oxide produced number of leaves produced that 

increased throughout the period of the experiment. Furthermore, all treatments produced 

higher number of leaves than the control plants. There were significant interactive effects in 

all the weeks. 

Table 19 shows the interactive effects among metal salts and various concentrations on 

number of leaves in beans in 2018 cropping season. The lowest number of leaves was 

produced from the control plants while the highest number of leaves was produced in nCu 

600 mg/kg treatment in the second week of planting except nCu 600 mg/kg treatment. During 

4 WAP, higher values were produced in all metallic salts. 

Bulk copper produced number of leaves that were concentration dependent based on the 

values obtained from the use of various concentrations (300, 600 and 1000) which decreases 

from high values to low ones at 2 WAP. Meanwhile the opposite was the case with the use of 

nZnO, though concentration dependent increase in the number of leaves in beans was 

observed: these increased from low values to high values during 2 WAP 
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Table 12: Effects of Nanoparticles and bulk particles (Cu and ZnO) on leaf area 

  (cm2) of beans during 2017 cropping season. 

 

Leaf area(cm2) 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu 12.30a 17.20a 10.46b 11.22a 

nZnO 9.86b 12.94a 8.29b 10.15b 

bCu 7.86c 6.43c 4.21d 7.12c 

bZnO 5.25d 5.24d 4.00d 6.24c 

Concentrations     

Control 1.11f 2.28e 2.68e 4.38d 

300 mg/kg 8.12b 9.96a 9.64a 10.5a 

600 mg/kg 7.22b 7.26b 6.89c 7.29b 

1000 mg/kg 5.11d 6.43c 6.32c 8.35b 

Interaction 0.002* 0.000*   0.000* 0.15 N.S 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 13: Interactive effect between metal salts and various concentrations on the 

  leaf area (cm2) of beans during 2017 cropping season 

 

Leaf area(cm2) 

Metal salt 2 WAP 4 WAP 6 WAP 

Control 0.68±0.47i 2.51±0.49gh 2.47±0.68gh 

nCu 300 mg/kg 12.94±2.17ab 14.20±4.66a 12.20±1.28ab 

nCu 600 mg/kg 13.07±0.15a 12.47±2.39ab 10.38±5.77bc 

nCu 1000 mg/kg 11.42±1.64ab 10.58±4.41bc 12.39±3.47ab 

nZnO 300 mg/kg 10.96±1.69bc 16.88±6.26a 14.98±3.57a 

nZnO 600 mg/kg 8.30±3.27cd 9.44 ±5.48bc 7.65±3.53cd 

nZnO 1000 mg/kg 3.81±4.89ef 8.68±6.59cd 4.87±5.39ef 

bCu 300 mg/kg 3.65±0.09ef 3.57±0.56ef 2.88±1.39fg 

bCu 600 mg/kg 2.01±0.58gh 2.72±0.33fg 3.24±0.53ef 

bCu 1000 mg/kg 2.25 ± 0.00gh 3.17±0.71ef 3.45±0.13ef 

bZnO 300 mg/kg 4.95±0.20ef 5.19±0.21de 6.67±0.24de 

bZnO 600 mg/kg 5.52±0.48de 4.43±0.13ef 6.29±1.08de 

bZnO 1000 mg/kg 2.95±0.11fg 3.32±0.71ef 4.56±0.76ef 

Values are mean± S. D, n= 96, values with the same superscript across treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 14: Effects of Nanoparticles and bulk particles (Cu and ZnO) on leaf area 

  (cm2) of beans during 2018 cropping season 

 

  Leaf area (cm2)   

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu 10.19a 9.06a 8.49b 9.75a 

nZnO 7.40b 9.52a 8.99b 10.70a 

bCu 2.08d 3.12c 2.75c 2.96c 

bZnO 3.34c 3.19c 2.87c 2.79c 

Concentrations     

Control 2.19e 1.77e 2.66e 4.15d 

300 mg/kg 7.91a 8.74a 8.77a 7.86a 

600 mg/kg 7.66a 8.29a 7.00a 7.15a 

1000 mg/kg 5.67c 6.11b 4.71c 6.99b 

Interaction 0.002* 0.000*   0.000* 0.12 N.S 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 15: Interactive effect between metal salts and various concentrations on the 

  leaf area (cm2) of beans during 2018 cropping season 

 

Leaf area (cm2) 

Metal salt 2 WAP 4 WAP 6 WAP 

Control 2.04±1.34gh 1.87±0.38hi 2.47±0.68gh 

nCu 300 mg/kg 14.02±1.9a 12.67±3.27c 14.15±1.85a 

nCu 600 mg/kg 13.61±3.37a 14.76±2.18a 9.69±2.70c 

nCu 1000 mg/kg 11.10±4.89ab 8.76±2.78cd 7.66±1.18cd 

nZnO 300 mg/kg 9.55±3.15c 13.63±3.67ab 14.67±4.51a 

nZnO 600 mg/kg 9.41±2.18c 10.50 ±3.0bc 14.83±2.62a 

nZnO 1000 mg/kg 6.49±2.33de 10.23±2.71bc 10.38±1.42bc 

bCu 300 mg/kg 2.98±0.13fgh 3.57±0.56fg 7.00±1.52de 

bCu 600 mg/kg 1.97±0.28hi 2.72±0.33fgh 3.19±1.00fg 

bCu 1000 mg/kg 2.15±0.09ghi  3.17±0.35fg 3.03±0.22fg 

bZnO 300 mg/kg 5.08±0.12de 5.19±0.21de 3.00±0.00fg 

bZnO 600 mg/kg 5.64±0.15de 4.43±0.13ef  4.90±0.30ef 

bZnO 1000 mg/kg 2.95±0.23gh 3.32±0.70fg 2.32±0.22gh 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 16: Effects of Nanoparticles and bulk particles (Cu and ZnO) on number of 

  leaves of beans during 2017 cropping season 

 

Number of  leaves 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu 4.62b 3.04c 6.26a 4.50b 

nZnO 3.23c 3.01c 5.83b 3.96c 

bCu 1.47d 1.14d 3.11c 2.01c 

bZnO 1.98d 0.18e 3.00c 1.75d 

Concentrations     

Control 5.00c 4.00c 3.33d 3.58d 

300 mg/kg 9.17a 9.75a 9.17a 9.89a 

600 mg/kg 9.58a 8.83a 6.17b 6.66b 

1000 mg/kg 8.82a 8.18a 6.27b 8.21a 

Interaction 0.000* 0.002 *   0.002* 0.004* 

n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 17: Interactive effect between metal salts and various concentrations on the 

  number of leaves of beans during 2017 cropping season 

 

Metal salt 2 WAP 4 WAP 6 WAP 8 WAP 

Control 6.33±3.06gh 4.33±0.58hij 3.67±1.15ijk 3.67±1.15ijk 

nCu 300 mg/kg 12.67±2.52ab 14.33±2.08a 10.33±4.16cd 9.67±4.04de 

nCu 600 mg/kg 15.33±0.58a 13.33±2.08ab 5.67±2.52ghi 6.00±1.73gh 

nCu 1000 mg/kg 13.00±1.64ab 11.00±2.65cd 8.67±0.58ef 10.00±1.73cd 

nZnO 300 mg/kg 11.67±1.53cd 11.00±4.58cd 14.67±4.51a 12.67±1.15ab 

nZnO 600 mg/kg 10.00±1.00cd 8.33±4.51ef 6.33±1.15dgh 5.67±4.04ghi 

nZnO 1000mg/kg 9.33±1.15de 10.33±2.89cd 5.00±0.00ghi 5.33±4.04ghi 

bCu 300 mg/kg 4.67±0.58fgh 5.33±0.58ghi 6.00±0.00gh 7.34 ±2.43fg 

bCu 600 mg/kg 5.67±0.58ghi 5.67±0.58ghi 5.00±0.00ghi 5.46±1.38ghi  

bCu 1000 mg/kg 6.00±0.00gh 5.00±0.00ghi 6.67±4.16gh 8.76±1.39ef 

bZnO 300 mg/kg 7.67±0.58fg 8.33±0.58ef 6.67±0.57gh 9.88±1.63de 

bZnO 600 mg/kg 7.33±1.53fg 8.00±2.00ef 6.29±1.08gh 9.50±1.99de 

bZnO 1000 mg/kg 6.00±0.00gh 5.50±0.71ghi 6.00±0.00gh 9.00±3.18de 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 18: Effects of Nanoparticles and bulk particles (Cu and ZnO) on number of 

  leaves of beans during 2018 cropping season 

 

Number of leaves 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu 10.17a 10.58a 7.83b 7.67b 

nZnO 5.66c 8.17b 6.42c 6.42c 

bCu 6.25c 5.50cd 4.88d 5.13cd 

bZnO 5.66cd 6.75c 7.00b 7.00b 

Concentrations     

Control 4.17c 4.17c 4.25c 3.83c 

300 mg/kg 6.77b 9.42a 9.17a 6.75b 

600 mg/kg 8.86a 9.08a 6.75b 6.66b 

1000 mg/kg 7.13b 8.75a 6.67b 8.21a 

Interaction 0.000* 0.004*   0.002* 0.003* 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 19: Interactive effect between metal salts and various concentrations on  

  number of leaves in beans during 2018 cropping season 

 

Number of leaves 

Metal salt 2 WAP 4 WAP 6 WAP 8 WAP 

Control 4.67±1.53fgh 4.33±0.57fgh 3.67±1.15ghi 3.67±1.15ghi 

nCu 300 mg/kg 11.00±1.00b 14.00±1.00a 10.33±4.16cd 10.33±4.16cd 

nCu 600 mg/kg 14.00±1.00a 12.67±0.58a 7.67±1.53cde 7.67±1.5cde 

nCu 1000 mg/kg 11.00±1.00b 12.33±3.50a 9.67±0.58cd 9.67±0.58cd 

nZnO 300 mg/kg 3.73±0.55ghi 10.67±4.1cd 13.00±5.29a 13.00±5.29a 

nZnO 600 mg/kg 8.44±0.86de 8.0 ±4.00de 4.67±1.15dfgh 4.67±1.15fgh 

nZnO 1000 mg/kg 5.79±0.83efg 9.67±2.50bcd 4.33±2.3fgh 4.33±2.31fgh 

bCu 300 mg/kg 7.67±0.57de 5.67±0.57efg 5.33±0.58efg 5.67 ±0.50efg 

bCu 600 mg/kg 7.33±1.53de 7.33±0.58de 6.00±0.00ef 6.33±0.58ef 

bCu 1000 mg/kg 5.67±0.57efg 6.00±0.00ef 6.00±00ef 7.00±0.00de 

bZnO 300 mg/kg 4.67±0.57fgh 8.33±0.58de 8.00±1.00de 8.87±0.58de 

bZnO 600 mg/kg 5.67±0.58efg 8.33±0.58de 8.67±0.58de 8.33±0.58de 

bZnO 1000 mg/kg 6.00±0.00ef 7.00±0.00de 6.67±1.15ef 7.00±1.00de 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.7  Stem girth in beans 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on stem girth of 

bean plants for 2017 and 2018 cropping seasons are presented in Tables 20-23. 

Table 20 shows the interactive effects of nanoparticles and bulk particles on stem girth (cm) 

of beans in 2017 cropping season. Zinc oxide nanoparticles produced thickest stem 

throughout the period of the experiment but this was closely followed by copper 

nanoparticles. All treatments produced stems that are thicker than the control. There were no 

significant interactive effects between the metal salts and various concentrations on the stem 

girth during 6 WAP. 

There were significant interactive effects (p≤ 0.05) among the metal salts and concentrations 

on the stem girth at 2, 4, and 8 WAP (Table 20). The greatest and significant stem girth was 

produced by treatment of zinc oxide for most of the weeks (Tables 20 and 22). It should be 

noted that there was no significant interactive effects between the metal salts and 

concentration on stem girth at 6 WAP for 2017 and 2018 cropping season. 

 In Table 23, zinc oxide 300,600 and 1000 mg/kg produced the thickest stem girths and this is 

closely followed by copper nanoparticles. It is worthy to note however that higher dosage of 

the metal salts increased the thickness of the stem even with bulk copper 1000 mg/kg 

treatment at 2 WAP. 
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Table 20: Effects of Nanoparticles and bulk particles (Cu and ZnO) on stem girth 

  (cm) of beans during 2017 cropping season 

 

Stem girth (cm) 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu  1.87c 2.03b 1.97c 2.87a 

nZnO 7.49a 2.08b 1.86c 2.99a 

bCu 1.40c 1.95c 1.88c 1.40c 

bZnO 1.66c 1.96c 1.93c 1.54c 

Concentrations     

Control 1.11c 1.55c 1.67c 1.17c 

300 mg/kg 3.89a 2.43b 2.05b 3.89a 

600 mg/kg 3.84a 2.06b 1.85c 3.84a 

1000 mg/kg 3.65a 1.98c 2.08b 3.65a 

Interaction 0.000* 0.000*   0.679 N.S 0.000* 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 21: Interactive effect between metal salts and various concentrations on stem 

  girth (cm) of beans during 2017 cropping season 

 

Stem girth (cm) 

Metal salt 2 WAP 4 WAP 8 WAP 

Control 1.38±0.57cd 1.47±0.25cd 1.33±0.58cd 

nCu 300 mg/kg 2.20±0.14ab 3.10±0.17a 2.67±0.43a 

nCu 600 mg/kg 2.55±0.16a 2.53±0.21a 2.32±0.38ab 

nCu 1000 mg/kg 2.64±0.48a 1.78±0.39c 2.96±0.20a 

nZnO 300 mg/kg 2.56±0.19a 2.68±0.16a 2.75±0.76a 

nZnO 600 mg/kg 2.53±0.22a 2.64 ±0.09a 2.05±0.42bc 

nZnO 1000 mg/kg 2.64±0.46a 2.15±0.99bc 2.86±0.10a 

bCu 300 mg/kg 1.86±0.79bc 1.57±0.12cd 1.70 ±0.10cd  

bCu 600 mg/kg 2.11±0.11bc 1.93±0.06bc 2.20±0.10bc 

bCu 1000 mg/kg 2.20±0.19bc 1.20±0.12cd  1.13±0.21d 

bZnO 300 mg/kg 1.22±0.00cd 1.93±0.06bc 1.50±0.10cd 

bZnO 600 mg/kg 2.16±0.58bc 2.13±0.12bc 2.17±0.29bc 

bZnO 1000 mg/kg 2.12±1.15bc 1.67±0.23cd 2.13±0.29bc 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 22: Effects of Nanoparticles and bulk particles (Cu and ZnO) on stem girth 

  (cm) of beans during 2018 cropping season 

 

  Stem girth (cm)   

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu 1.27c 1.95b 1.86b 2.39b 

nZnO 7.99a 1.96b 1.06c 2.46b 

bCu 1.20c 2.02b 1.08c 1.01c 

bZnO 1.05c 2.08c 1.03c 1.23c 

Concentrations     

Control 1.00b 1.98c 1.70c 1.72c 

300 mg/kg 3.00a 2.45b 2.00b 2.62b 

600 mg/kg 3.80a 2.40b 1.00c 2.25b 

1000 mg/kg 3.00a 2.28b 2.00b 2.26b 

Interaction 0.000* 0.040*   0.779 N.S 0.000* 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 23: Interactive effect between metal salts and various concentrations on stem 

  girth (cm) of beans during 2018 cropping season 

 

Stem girth (cm) 

Metal salt 2 WAP 4 WAP 8 WAP 

Control 1.96±0.38de 1.30±0.26fg 2.167±0.29de 

nCu 300 mg/kg 1.86±0.79de 2.9±0.10de 3.36±0.25cde 

nCu 600 mg/kg 2.41±0.11de 2.10±0.10de 3.01±0.28cde 

nCu 1000 mg/kg 2.26±0.19de 1.82±0.50ef 2.92±0.32cde 

nZnO 300 mg/kg 11.00±1.0a 2.63±0.15de 4.33±0.56cd 

nZnO 600 mg/kg 9.33±0.58b 2.40 ±0.10de 2.59±1.15de 

nZnO 1000 mg/kg 8.67±1.15b 1.90±0.46de 2.90±0.10de 

bCu 300 mg/kg 1.37±0.06ef 2.10±0.10de 1.40 ±0.00fg 

bCu 600 mg/kg 1.67±0.06de 1.93±0.06cd 1.60±0.17ef 

bCu 1000 mg/kg 2.17±0.57de 2.23±0.25de 1.80±0.17ef 

bZnO 300 mg/kg 1.37±0.11fg 2.07±0.15de 1.37±0.11fg 

bZnO 600 mg/kg 1.97±0.06de 1.80±0.10ef 1.80±0.26ef 

bZnO 1000 mg/kg 1.50±0.00ef 1.90±0.10ef 1.43±0.06fg 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.8  Leaf lengths in Tomato 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on leaf length 

(cm) of tomato plants for 2017 and 2018 cropping seasons are presented in Tables 24-27. 

Table 24 shows the effects of Cu and ZnO nanoparticles and bulk particles on the leaf length 

of tomato (cm) in 2017 cropping season. 

There were no significant interactive effects (p≤ 0.05) among the metal salts and 

concentration on leaf length of tomato during 2017 cropping season at 4-6 WAP but there 

was significant interactive effects (p≤ 0.05) among the metal salts and concentration on leaf 

lengths of tomato during 2017 cropping season at 2 and 8 WAP (Table 24). The most 

significant metal salts were nCu and nZnO. It should be noted that there was no significant 

difference in the lengths of beans plants produced from copper, zinc oxide nanoparticles, and 

bulk zinc oxide during 2 WAP. However, all treatments produced leaf lengths that were 

longer than the control. 

Table 25 shows the interactive effects among the metal salts and various concentrations on 

leaf length (cm) of tomato in 2017 croppping season. All treatments produced longer leaf 

lengths than those that were produced in bCu 300 and 1000 mg/kg treatments. Copper 

nanoparticles treatment produced longer leaf lengths than zinc oxide nanoparticles and bulk 

zinc oxide treatments produced longer leaf lengths than bulk copper numerically. The most 

significant metal salts were nCu and nZnO in 2017 cropping season. 

In table 26, zinc oxide nanoparticles produced leaves that were longer than that produced by 

copper nanoparticles during 4-8 WAP. Meanwhile, bulk copper produced longer leaves than 

bulk zinc oxide during 2 WAP. It should be noted that all nanoparticles treatments produced 

longer leaves than the control plants and that there were significant (p≤ 0.05) interactive 
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effects between metal salts and concentrations on the leaf lengths of tomato plants throughout 

the period of experimentation. 

In table 27, control plants produced leaves that were longer than bulk copper and bulk zinc 

oxide 300 mg/kg treatments during 2 WAP. The most significant result of leaf length was 

recorded with the use of 300 and 600 mg/kg zinc oxide treatments in all the weeks in tomato. 
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Table 24: Effects of Nanoparticles and bulk particles (Cu and ZnO) on leaf length 

  (cm) of tomato during 2017 cropping season 

 

Leaf length (cm) 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu  1.58c 2.83b 3.00a 2.88b 

nZnO 1.63c 3.04a 3.03a 2.81b 

bCu 1.19c 1.48c 3.10a 2.30b 

bZnO 1.56c 1.91c 2.91b 2.42b 

Concentrations     

Control 1.18c 1.98c 2.68a 2.74b 

300 mg/kg 1.38c 2.33b 3.44a 2.37b 

600 mg/kg 1.62c 2.32b 2.93a 2.35b 

1000 mg/kg 1.91c 2.79a 2.92a 2.98a 

Interaction 0.006*  0.135 N.S   0.820 N.S 0.000* 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 25: Interactive effect between metal salts and various concentrations on leaf 

  length of tomato during 2017 cropping season 

 

Metal salt 2 WAP 8 WAP 

Control  1.47±0.45de 2.83±0.76bc 

nCu 300 mg/kg 1.8±1.36de 2.67±1.16bc 

nCu 600 mg/kg 1.43±0.60de 2.27±0.68bc 

nCu 1000 mg/kg 1.60±0.10de 4.33±0.38a 

nZnO 300 mg/kg 2.57±0.40bc 3.93±0.38a 

nZnO 600 mg/kg 1.57±0.40de 3.93±0.90a 

nZnO 1000 mg/kg 1.93±0.15de 2.27±1.08bc 

bCu 300 mg/kg 0.93 ±0.06ef 2.87 ±0.25bc 

bCu 600 mg/kg 2.00±0.00cd 3.30±0.42bc 

bCu 1000 mg/kg 0.10±0.05ef 3.00±0.40bc 

bZnO 300 mg/kg 1.20±0.10de 1.73±0.25de 

bZnO 600 mg/kg 1.60±0.48de 2.00±0.16cd 

bZnO 1000 mg/kg 2.05±0.08cd 2.70±0.24bc 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 26: Effects of Nanoparticles and bulk particles (Cu and ZnO) on leaf length 

  (cm) of tomato during 2018 cropping season 

 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu  2.02b 2.83a 3.00a 2.88a 

nZnO 2.53a 2.41b 3.03a 2.81a 

bCu 1.05c 1.48c 3.10a 2.30b 

bZnO 1.28c 1.91c 2.91a 2.42b 

Concentrations     

Control 1.24c 1.57c   2.02b 2.28b 

300 mg/kg 1.90b 2.33b 3.98a 3.23a 

600 mg/kg 2.08b 2.47b 2.86b 3.31a 

1000 mg/kg 1.73c 2.41b 2.88b 3.23a 

Interaction 0.000* 0.000 *  0.000* 0.000* 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 27: Interactive effect between metal salts and various concentrations on leaf 

  length (cm) of tomato during 2018 cropping season 

 

Leaf breadth (cm) 

Metal salt 2 WAP 4 WAP 6 WAP 8 WAP 

Control 1.67±0.15de 2.10±0.17cd 2.20±0.10cd 2.77±0.15cd 

nCu 300 mg/kg 2.43±0.06cd 3.17±0.17ab 3.67±0.15ab 4.10±0.10ab 

nCu 600 mg/kg 1.97±0.58cd 2.77±0.37cd 3. 33 ±0.29ab 5.27±0.21a 

nCu 1000 mg/kg 2.00±0.00cd 2.02±0.04cd 3.20±0.10ab 2.90±0.10cd 

nZnO 300 mg/kg 3.10±0.10ab 3.17±0.58ab 3.70±0.10ab 2.77±0.65cd 

nZnO 600 mg/kg 3.30±0.17ab 2.37 ±0.47cd 2.80±0.30cd 2.25±0.07cd 

nZnO 1000 mg/kg 2.03±0.06cd 2.00±0.00cd 2.20 ±0.10cd 2.90±0.10cd 

bCu 300 mg/kg 1.00±0.00ef 1.48±0.39de 1.57±0.58de 2.77 ±0.65cd 

bCu 600 mg/kg 1.50±0.31de 2.15±0.07cd 2.35±0.07cd 2.25±0.71cd 

bCu 1000 mg/kg 1.50±0.00de 2.00±0.00cd 2.00±0.00cd 2.00±0.70cd 

bZnO 300 mg/kg 1. 07 ±0.06ef 1.50±0.10de 2.97±0.21cd 1.93±0.15de 

bZnO 600 mg/kg 1.53±0.56de 2.25±0.50cd 2.80±0.4cd 2.58±0.09cd 

bZnO 1000 mg/kg 1.45±0.72de 2.32±0.12cd 3.07±0.49ab 3.18±0.17ab 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.9  Leaf Breadths in tomato 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on leaf breadth of 

tomato plants during 2017 and 2018 cropping seasons are presented in Tables 28-31. 

In table 28, there was no significant difference in the data produced in leaf breadth from the 

use of copper and zinc oxide nanoparticles during 2, 4 and 8 WAP. The thickest leaf breadths 

numerically were produced during 8 WAP in copper nanoparticles treatments. 

There was no significant (P≤ 0.05) interactive effects among the metal salts and 

concentration on leaf breadth of tomato at 2 and 6 WAP for 2017 cropping season. However, 

there were significant interactive effects during 4 and 8 WAP.  

In table 29, control produced leaf breadths that were thicker than bulk treatments during 4 

and 8 WAP during 2017 cropping season. The most significant leaf breadth was produced 

with nZnO 1000 mg/kg treatment. 

In table 30, copper nanoparticles produced leaf breadth that was thicker than bulk copper 

during 2 and 8 WAP. In addition, bulk zinc oxide produced leaf breadths that were thicker 

than bulk copper throughout the period of the experimentation. All treatments produced 

improved leaf bredth of tomato throughout the period of experiment. 

Table 31 shows the interactive effects among the metal salts and various concentrations on 

leaf breadth of tomato in 2018 cropping season. Control plants produced leaf breadths that 

were thicker than bulk compounds during 2 WAP but generally, zinc oxide produced the 

thickest leaf breadths. 
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Table 28: Effects of Nanoparticles and bulk particles (Cu and ZnO) on leaf breadth 

  (cm) of tomato during 2017 cropping season. 

 

 Leaf area (cm)  

 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu  0.95d 1.77c 1.48c 3.01a 

nZnO 0.76d 1.97c 0.94d 2.78b 

bCu 0.38d 0.49d 0.93d 0.69d 

bZnO 0.76d 0.89d 0.94d 0.93d 

Concentrations     

Control 1.53b 1.57b 1.07b 1.22b 

300 mg/kg 0.72c 1.83b 1.13b 2.44a 

600 mg/kg 0.35c 0.49c 1.36b 2.18a 

1000 mg/kg 0.72c 0.89c 1.48b 1.63b 

Interaction 0.355 N.S 0.041*  0.391 N.S 0.000* 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 29: Interactive effect between metal salts and various concentrations on leaf 

  breadth (cm) of tomato for 2017 cropping season 

 

Leaf breadth (cm) 

 

Metal salt 4 WAP 8 WAP 
 

Control  1.33±0.61bc 1.13±0.71cd 

nCu 300 mg/kg 1.93±0.32ab 2.7±0.75a 

nCu 600 mg/kg 1.67±0.99bc 1.1±0.17cd 

nCu 1000 mg/kg 2.13±0.61a 2.13±0.40a 

nZnO 300 mg/kg 2.20±0.26a 1.90±0.50bc 

nZnO 600 mg/kg 1.47±0.58bc 1.43±0.40bc 

nZnO 1000 mg/kg 2.27±0.59a 0.40±0.10def 

bCu 300 mg/kg 0.60 ±0.10def 0.87 ±1.53def 

bCu 600 mg/kg 1.03±1.00cd 1.20±0.00cd 

bCu 1000 mg/kg 0.80±0.0.10def 1.20±0.02cd 

bZnO 300 mg/kg 0.73±0.21def 1.33±0.15bc 

bZnO 600 mg/kg 1.13±0.12cd 1.10±0.10cd 

bZnO 1000 mg/kg 1.03±0.05cd 0.20±0.10def 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 30: Effects of Nanoparticles and bulk particles (Cu and ZnO) on leaf breadth 

  (cm) of tomato during 2018 cropping season. 

 

Leaf breadth (cm) 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu  1.53c 1.57c 1.73c 3.01a 

nZnO 0.72b 1.83c 2.10b 2.78 b 

bCu 0.35d 0.49d 0.89d 0.60d 

bZnO 0.72d 0.89d 1.04c 1.49c 

Concentrations     

Control 0.76c 0.73c 0.94c 1.20c 

300 mg/kg 1.35b 1.48b 1.88b 2.61a 

600 mg/kg 1.33b 1.64b 1.75b 2.56a 

1000 mg/kg 1.16b 1.06b 1.24b 1.81b 

Interaction 0.003 * 0.000 * 0.033 * 0.000* 

n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 
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Table 31: Interactive effect between metal salts and various concentrations on leaf 

  breadth (cm) of tomato for 2018 cropping season. 

 

Leaf breadth (cm) 

Metal salt 2 WAP 4 WAP 6 WAP 8 WAP 

 

Control  1.23±0.57cd 1.10±0.10cd 1.23±0.20cd 1.63±0.15cd 

nCu 300 mg/kg 2.0±0.00bc 2.13±0.06bc 2.43±0.21bc 3.90±0.10a 

nCu 600 mg/kg 1.37±0.42cd 1.77±0.21cd 1.90±0.10cd 3.37±0.38a 

nCu 1000 mg/kg 1.50±0.00cd 1.27±0.25cd 1.33±0.29cd 3.13±0.15a 

nZnO 300 mg/kg 2.13±0.15bc 2.47±0.15bc 2.90±0.10bc 4.13±0.15a 

nZnO 600 mg/kg 2.23±0.23bc 2.63±0.31bc 2.93±0.10bc 3.40±0.40a 

nZnO 1000mg/kg 1.94±0.03cd 1.13±0.15cd 1.33±0.15cd 1.97±0.15cd 

bCu 300 mg/kg 0.30 ±0.00de 0.50 ±0.00de 0.96 ±0.31de 0.50 ±0.00de 

bCu 600 mg/kg 0.53±0.05de 0.70±0.10de 1.13±0.12cd 0.73±0.45de 

bCu 1000 mg/kg 0.30±0.10de 0.53±0.00de 1.17±0.58cd 1.20±0.00ef 

bZnO 300 mg/kg 0.97±0.06de 0.57±0.15de 1.20±0.10cd 1.90±0.36cd 

bZnO 600 mg/kg 1.20±0.10cd 1.07±0.12cd 1.03±0.84cd 2.56±1.18bc 

bZnO 1000 mg/kg 0.90±0.36de 1.00±0.00cd 2.13±0.15bc 0.93±0.35de 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.10  Leaf area (cm2) in tomato 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on leaf area (cm2) 

of tomato plants for 2017 and 2018 cropping seasons are presented in Tables 32-35. 

Table 32 shows that there was no significant (P≤ 0.05) difference between the leaf areas 

produced in tomato with the use of nanoparticles while bulk zinc oxide produced better leaf 

areas than bulk copper in tomato plants.There were no significant (P≤ 0.05) interective 

effects among the metal salts and the concentration on the leaf area of tomato at 2-6 WAP in 

2017 cropping season (Table 32) but there was a significant interactive effects at 8 WAP. 

The most significant values of leaf areas were produced in nCu 1000 mg/kg and nZnO 300 

mg/kg treatments (Table 33). 

Table 34 shows the effects of Cu and ZnO nanoparticles and bulk particles on leaf area of 

tomato during 2018 cropping season. There was a significant interactive effect at 2-8 WAP. 

All treatments produced leaf areas that were higher than the control and the most significant 

metals were n Cu and nZnO. 

Table 35 shows the interactive effect among the metal salts and various concentrations on 

leaf area of tomato in 2018 cropping season, bulk zinc oxide produced leaves with wider leaf 

area than the bulk copper treated plants. Furthermore, the control plants produced leaves that 

were wider than the bulk copper treated plants. It is worthy to note that significant values 

were produced during 8 WAP. The most significant metal salts for all the weeks were nCu 

and nZnO while the shortest values of leaf area were produced from the bulk treated plants. 
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Table 32: Effects of Nanoparticles and bulk particles (Cu and ZnO) on leaf area 

  (cm2) of tomato during 2017 cropping season. 

 

  Leaf area (cm2)   

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu  1.17c 3.94a 1.28c 3.48a 

nZnO 0.96d 4.86a 4.24a 3.29a 

bCu 0.39d 0.57d 1.28c 0.69d 

bZnO 1.05c 1.39c 2.04bc 0.91d 

Concentrations     

Control 0.54d 2.37b 2.41b 1.79c 

300 mg/kg 0.91d 2.77b 3.32a 2.43b 

600 mg/kg 1.01c 2.30b 2.43b 1.63c 

1000 mg/kg 1.33c 3.59a 3.43a 2.59a 

Interaction 0.085 N.S 0.305 N.S 0.216 N.S 0.002* 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 33: Interactive effect between metal salts and various concentrations on leaf 

  area (cm2) of tomato during 2017 cropping season. 

 

Leaf area (cm2) 

Metal salt  8 WAP 

Control  2.78±0.18cd 

nCu 300 mg/kg 2.17±0.26cd 

nCu 600 mg/kg 1.93±0.80de 

nCu 1000 mg/kg 7.05±2.56a 

nZnO 300 mg/kg 5.83±2.74ab 

nZnO 600 mg/kg 2.63±1.87cd 

nZnO 1000mg/kg 1.92±1.45de 

bCu 300 mg/kg 1.34 ±0.39de 

bCu 600 mg/kg 1.85±0.33de 

bCu 1000 mg/kg 0.35±0.12ef 

bZnO 300 mg/kg 2.64±0.05cd 

bZnO 600 mg/kg 1.18±0.24de 

bZnO 1000mg/kg 5.24±0.28ab 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 34: Effects of Nanoparticles and bulk particles (Cu and ZnO) on leaf area of 

  tomato during 2018 cropping season. 

 

  Leaf area (cm2)   

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu  2.36c 3.56b 1.28c  8.99a 

nZnO 3.74b 3.46b 4.24b 7.34b 

bCu 0.29d 0.57d 1.28c 1.00d 

bZnO 0.84d 1.39c 2.04c 2.77c 

Concentrations     

Control 0.92e 1.01d 1.52d 2.22c 

300 mg/kg 2.39c 3.11a 4.66b 7.24a 

600 mg/kg 2.41c 3.29bc 3.79bc 6.79a 

1000 mg/kg 1.70d 1.86d 2.84c 4.43b 

Interaction 0.0000* 0.000* 0.001* 0.000* 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at P≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide, * = significant, N.S = not significant 
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Table 35: Interactive effect between metal salts and various concentrations on leaf 

  area (cm2) of tomato for 2018 cropping season. 

 

Leaf area (cm2) 

 

Metal salt 2 WAP 4 WAP 6 WAP 8 WAP 

 

Control  1.55±0.21fg 1.73±0.20fg 2.26±0.34ef 3.38±0.10 ef 

nCu 300 mg/kg 3.65±0.09ef 5.07±0.05cd 6.68±0.49cd 11.99±0.60a 

nCu 600 mg/kg 2.01±0.58ef 4.57±0.75de 4.73±0.25de 12.57±1.19a 

nCu 1000 mg/kg 2.25±0.00ef 2.87±0.66ef 3.2±0.76ef 8.00±0.61b 

nZnO 300 mg/kg 4.93±0.22de 5.86±0.46cd 8.05±0.43b 12.71±0.64a 

nZnO 600 mg/kg 2.23±0.23ef 4.74±1.45de 6.17±0.77cd 8.68±1.38b 

nZnO 1000mg/kg 5.52±0.48cd 1.50±0.08fg 2.20±0.245ef 4.59±0.95de 

bCu 300 mg/kg 0.23 ±0.00gh 0.68 ±0.28gh 1.14 ±0.38fg 1.04 ±0.25fg 

bCu 600 mg/kg 0.48±0.14gh 2.13±0.27ef 1.93±0.22fg 0.68±0.47gh 

bCu 1000 mg/kg 0.19±0.98gh 1.41±0.27fg 0.33±0.12gh 2.15±0.59ef 

bZnO 300 mg/kg 0.73±0.05gh 0.82±0.23gh 2.78±0.12ef 2.97±0.16ef 

bZnO 600 mg/kg 1.62±0.05fg 1.70±0.17fg 2.34±1.88ef 5.26±0.21cd 

bZnO 1000mg/kg 1.42±0.57fg 1.64±0.15fg 5.61±0.53cd 2.15±0.59ef 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.11  Number of leaves in tomato 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on number of 

leaves    in tomato plants for 2017 and 2018 cropping seasons are presented in Tables 36-39. 

Table 36 shows the effects of Cu and ZnO nanoparticles and bulk particles on number of 

leaves of tomato in 2017 cropping season. Bulk particles produced number of leaves that 

were statistically the same as nanoparticles. Furthermore, bulk zinc oxide treated plants 

produced better leaf numbers than bulk copper counterpart. All treatments produced 

increased number of leaves in comparison with the control. 

Table 37 shows that the highest numbers of leaves were produced in zinc oxide treated 

tomato plants throughout the period of experimentation. In addition, all nanoparticles 

treatments produced leaves that were higher than the control. In the same vein, bulk zinc 

produced leaves that were higher than bulk copper treated tomato plants. Table 37 further 

shows the interactive effect between metal salts and various concentrations on number of 

leaves in tomato in 2017 cropping season and the most significant (P≤ 0.05) number of 

leaves was recorded in 300 mg/kg in nZnO treatments during 2 WAP. 

Table 38 shows the effects of Cu and ZnO nanoparticles and bulk particles on number of 

leaves in tomato in 2018 cropping season. Zinc oxide nanoparticles produced number of 

leaves that were higher than that produced by copper nanoparticles. All treatments produced 

leaves that were higher in number than the control plants throughout the period of the 

experimentation. There is significant (P≤ 0.05) interactive effects between the metal salts and 

concentration on the number of leaves in tomato at 2-8 WAP in 2017 cropping season. 

Significant highest number of leaves was produced wit nCu metal salts at 2-8 WAP. It is 

worthy to note that at 2 WAP, nano particles recorded significantly highest values (Tables 38 

and 39). In addition, all nano particles treatments were higher in terms of numberas of leaves 

than the control. 
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Table 36: Effects of Nanoparticles and bulk particles (Cu and ZnO) on number of 

  leaves of tomato during 2017 cropping season 

 

 Number of leaves  

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu 14.13a 11.31a 7.00b 14.17a  

nZnO 15.25a  11.50a  7.83b  13.75a  

bCu 13.33a  8.00b 4.88c 12.33a 

bZnO 13.83a 10.58b  6.42c  11.25a 

Concentrations     

Control 13.50a 8.30c 4.25d 10.33c 

300 mg/kg 16.08a  12.75a  9.17c 15.33a 

600 mg/kg 14.33a 11.42b 6.75d 14.08a  

1000 mg/kg 7.25c 9.83c 6.67d 11.83b 

Interaction 0.005* 0.045*   0.002* 0.003* 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 37: Interactive effect between metal salts and various concentrations on  

  number of leaves in tomato during 2017 cropping season 

 

Number of leaves 

 

Metal salt 2 WAP 4 WAP 6 WAP 

Control 0.80±0.30de 1.93±0.32cd 1.43±1.18cd 

nCu 300 mg/kg 1.13±1.06cd 1.67±0.99cd 2.30±0.26bc 

nCu 600 mg/kg 0.87±0.49de 1.33±0.61cd 1.10±0.44cd 

nCu 1000 mg/kg 1.0±0.36cd 2.13±0.35bc 1.43±0.18cd 

nZnO 300 mg/kg 3.73±0.55a 2.20±0.26bc 1.80±0.80cd 

nZnO 600 mg/kg 0.80±0.30de 1.47 ±0.58cd 2.10±0.17bc 

nZnO 1000 mg/kg 0.70±0.20de 2.67±0.58bc 1.67±0.06cd 

bCu 300 mg/kg 0.40±0.00ef 0.60±0.10de 1.20±0.00cd 

bCu 600 mg/kg 0.53±0.06de 0.33±1.0ef 0.50±0.10de 

bCu 1000 mg/kg 0.80±0.17de 0.80±1.00de 2.10±0.10bc 

bZnO 300 mg/kg 0.93±0.06de 0.73±0.21de 1.20±0.00cd 

bZnO 600 mg/kg 1.00±0.0cd 1.13±0.12cd 0.50±0.10de 

bZnO 1000 mg/kg 0.90±0.61de 1.03±0.06cd 2.17±0.10bc 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 38: Effects of Nanoparticles and bulk particles (Cu and ZnO) on number of 

  leaves in tomato during 2018 cropping season 

 

Number of leaves 

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu 13.06a  9.75b 13.06a 12.17bc 

nZnO 15.25a 11.31bc 15.88a 14.17a 

bCu 5.00e 8.00d 11.25bc 10.75c 

bZnO 6.08e 9.58d 11.92bc 11.38bc 

Concentrations     

Control 10.00c 6.00e 9.08c 8.67d 

300 mg/kg 14.33a 11.17b 15.83a 15.08a 

600 mg/kg 16.08a 11.08b 14.75a 13.58a 

1000 mg/kg 12.25b 11.50b 11.50b 13.33a 

Interaction 0.000* 0.000*   0.001* 0.001* 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 39: Interactive effect between metal salts and various concentrations on  

  number of leaves of tomato during 2018 cropping season 
 
 

Number of leaves 

 

Metal salt 2 WAP 4 WAP 6 WAP 8 WAP 

Control 2.67±0.58ef 2.80±0.00ef 2.98±0.58ef 2.99±0.58ef 

nCu 300 mg/kg 10.67±1.53bc 13.00±1.00a 14.83±1.53a 14.00±1.00a 

nCu 600 mg/kg 10.00±0.58bc 13.33±0.58a 11.00±1.00b 13.33±1.52a 

nCu 1000 mg/kg 10.00±0.00bc 9.67±0.58bc 11.00±1.00b 12.33±0.58ab 

nZnO 300 mg/kg 7.67±0.58cd 13.00±1.73a 11.0±1.00b 10.33±0.58bc 

nZnO 600 mg/kg 7.33±1.53cd 11.00 ±1.00b 10.00±1.00bc 10.00±1.00bc 

nZnO 1000mg/kg 9.67±0.58cd 9.33±1.15cd 9.00±1.00cd 10.33±1.53bc 

bCu 300 mg/kg 4.67±0.57de 5.67±0.57de 8.30±0.58d 7.00±1.00cd 

bCu 600 mg/kg 5.67±0.58de 6.00±0.00de 8.67±0.58d 8.33±0.58d 

bCu 1000 mg/kg 6.00±0.58de 6.70±1.00de 6.70±1.15de 3.10±0.00ef 

bZnO 300 mg/kg 3.00±1.73ef 4.00±0.00ef 5.67±1.15de 3.00±2.65ef 

bZnO 600 mg/kg 3. 50±0.00ef 3. 00 ±1.00ef 4.33±0.58ef 3.00±2.65ef 

bZnO 1000mg/kg 3.67±0.58ef 7.00±0.00cd 5.33±1.15de 3.67±2.08ef 

Values are mean± S. D, n=96, values with the same superscript across treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.12  Stem girth in Tomato 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on stem girth of 

tomato plants for 2017 and 2018 cropping seasons are presented in Tables 40-43. 

Table 40 shows that 300 mg/kg treated plants produced stems that were thicker than 600 and 

1000 mg/kg treatments during 2 WAP. In the same vein zinc oxide nanoparticles produced 

stems in tomato that were higher than that produced in copper nanoparticles treated tomato. 

There was a significant interactive effect among the metal salt and concentration on stem 

girth of tomato during 2-6 WAP in 2017 cropping season. Zinc oxide nanoparticles recorded 

the most significant (p≤ 0.05) stem girth. 

Table 41 shows the interactive effect among metal salts and various concentrations on stem 

girth of tomato in 2017 cropping season. Copper nanoparticles of 1000 mg/kg and zinc oxide 

nanoparticles 300 mg/kg produced the thickest stems during 2 and 4 WAP. 

Table 42 further shows that there was a significant interactive effect among the metal salt and 

concentration on stem girth during 2 and 6 WAP. The most significant metal was also zinc 

oxide nanoparticles throughout the period of the experiment but bulk zinc oxide recorded the 

least significant (p≤ 0.05) stem girth during 2 WAP of 2018. 

Table 43 shows the interactive effect among metal salt and concentration on stem girth of 

tomato in 2018 cropping season. The thickest stem dirth during 2 WAP was from copper 

nanoparticles 1000 mg/kg while the least significant (p≤ 0.05) values were produced in the 

bulk treated plants. Furthermore, the highest values from the data produced showed that the 

thickest stem girth at 4 WAP was from copper nanoparticles 300 mg/kg treatments which 

were higher than that produced in the control. 
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Table 40: Effects of Nanoparticles and bulk particles (Cu and ZnO) on stem girth 

  (cm) of tomato during 2017 cropping season 

 

  Stem girth (cm)   

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu 1.02c 1.32c 1.82b 2.12b 

nZnO 1.34c 1.65b 2.19b 3.96a 

bCu 0.98c 1.46c 2.13 b 2.15b 

bZnO 0.79c 1.53b 1.54b 2.01b 

Concentrations     

Control 1.01d 1.29d 1.62c 1.56c 

300 mg/kg 1.23d 1.78c 7.72a 3.79c 

600 mg/kg 0.73d 1.28d 7.69a 2.38c 

1000 mg/kg 0.16d 1.64c 5.13b 2.46c 

Interaction 0.000* 0.000*   0.000* 0.012* 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 41: Interactive effect between metal salts and various concentrations on stem 

  girth (cm) of tomato during 2017 cropping season 

 

  Stem girth (cm)   

Metal salt 2 WAP 4 WAP 6 WAP 8 WAP 

Control 0.47±0.57de 0.50±0.14de 2.18±0.57bc 2.01±0.93bc 

nCu 300 mg/kg 1.20±0.14cd 1.68±0.57cd 1.00±0.14cd 1.91±0.55cd 

nCu 600 mg/kg 1.38±0.57cd 0.83±0.14de 1.33±0.14cd 1.95±0.55cd 

nCu 1000 mg/kg 1.97±0.95cd 2.27±0.96bc 2.77±0.96b 2.59±0.75b 

nZnO 300 mg/kg 2.23±0.38bc 2.53±0.38bc 3.03±0.38a 3.78±0.66a 

nZnO 600 mg/kg 1.01±0.38cd 1. 31±0.38cd 1.81 ±0.38cd 3.50±0.49a 

nZnO 1000mg/kg 0.97±0.16de 1.07±0.24cd 1.77±0.16cd 2.56±1.93b 

bCu 300 mg/kg 1.60±0.10cd 2.07±0.12bc 2.83±0.06b 2.87±0.06b 

bCu 600 mg/kg 0.67±0.40de 1.23±0.95cd 2.83±0.06b 2.57±0.21b 

bCu 1000 mg/kg 1.23±0.06cd 1.20±0.00cd 2.63 ±0.06b 2.10±0.10bc 

bZnO 300 mg/kg 0.90±0.10de 2.00±0.00bc 1.50±1.15cd 1.60±0.10cd 

bZnO 600 mg/kg 0.70±0.10de 1.73±0.21bc 1.50±0.0cd 1.50±0.50cd 

bZnO 1000mg/kg 0.53±0.14de 2.00±1.00bc 1.80±1.15cd 1.60±0.20cd 

n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide 
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Table 42: Effects of Nanoparticles and bulk particles (Cu and ZnO) on stem girth 

  (cm) of tomato during 2018 cropping season 

 

  Stem girth (cm)   

Metal salts 2 WAP 4 WAP 6 WAP 8 WAP 

nCu  1.60b 1.92b 2.12a 2.41a 

nZnO 1.53b 2.09a 2.41a 1.70b 

bCu 0.96c 1.46b 2.01a 2.11a 

bZnO 0.66c 1.52b 2.08a 1.98a  

Concentrations     

Control 0.78c 1.25c 1.41c 1.13c 

300 mg/kg 1.38c 2.30a 2.63a 2.67a 

600 mg/kg 1.25c 1.79b 2.48a 2.09a 

1000 mg/kg 1.20c 1.68b 2.13a 2.26a 

Interaction 0.000* 0.826 N.S   0.000* 0.063 N.S 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 43: Interactive effect between metal salts and various concentrations on stem 

  girth (cm) of tomato during 2018 cropping season 

 

Stem girth (cm) 

 

Metal salt 2 WAP 6 WAP 

Control 0.93±0.12ef 1.67±0.15de 

nCu 300 mg/kg 1.43±0.06de 2.73±0.21bc 

nCu 600 mg/kg 1.70±0.10de 2.17±0.21c 

nCu 1000 mg/kg 2.33±0.58bc 1.90±0.10de 

nZnO 300 mg/kg 1.70±0.20de 1.77±0.15de 

nZnO 600 mg/kg 1.97±0.06de 3.10 ±0.10a 

nZnO 1000mg/kg 1.50±0.00de 2.77 ±0.15bc 

bCu 300 mg/kg 1.30±0.10de 2.10±0.10c 

bCu 600 mg/kg 0.60±0.35ef 2.77±0.15bc 

bCu 1000 mg/kg 0.63±0.06ef 2.10±0.10c 

bZnO 300 mg/kg 0.80±0.10ef 2.43±0.15c 

bZnO 600 mg/kg 0.73±0.23ef 2.60±0.10bc 

bZnO 1000mg/kg 0.43±0.06ef 2.10±0.17c 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.13   Chlorophyll content in Beans during 2 and 4 WAP 2017 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on chlorophyll 

Contents of beans plants during 2 and 4 WAP of 2017 cropping seasons are presented in 

Tables 44-47.   

Table 44 shows the chlorophyll content of beans exposed to copper and zinc oxide 

nanoparticles and bulk particles after 2 weeks of planting in 2017 cropping season.  

Chlorophyll a was highest in copper nanoparticles treated plants followed by zinc oxide 

nanoparticles treated plants and the lowest was produced in bulk zinc oxide treated plants as 

well as bulk treated plants. Treatments concentration of 1000 mg/kg enhanced the production 

of chlorophyll more than 300 mg/kg concentration. The control plants produced more 

chlorophyll than the 600 mg/kg treatments. 

Furthermore, chlorophyll b was high in bulk copper treated plants than in copper 

nanoparticles treated plants. In the same vein, bulk zinc oxide produced increased content of 

chlorophyll than its zinc oxide counterparts numerically. The content of chlorophyll b 

increased progressively from control to 1000 mg/kg 

Total chlorophyll content was highest in copper treated plants followed by zinc oxide treated 

plants and followed by the bulk treated plants. The control plants produced chlorophyll b and 

total chlorophyll that were higher than all other plants. There were significant (p≤ 0.05) 

interactive effects among the metal salts and concentration on chlorophyll content of beans at 

2-4 WAP in 2017 cropping season. All treatments reduced chlorophyll content. 

Table 44 shows that all treatments during the period of exposure of bean plants to nano and 

bulk particles reduced the contents of chlorophyll a, b and total. 
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Table 45 shows the effect of Cu and ZnO nanoparticles and bulk particles on chlorophyll 

content of beans during 2 WAP in 2017 cropping season. Copper and zinc oxide produced 

statistically (p≤ 0.05) the same chlorophyll a, b and total chlorophyll during 2 WAP.  

Table 46 shows the interactive effects among metal salts and various concentrations on the 

chlorophyll content of beans during 4 WAP in 2017 copping season. All treatments reduced 

chlorophyll a, b and total chlorophyll. 

Table 47 shows the effects of Cu and ZnO bulk and nanoparticles on chlorophyll content of 

beans during 4 WAP in 2017 cropping season. The control plants produced the most 

significant (p≤ 0.05) chlorophyll of all the treatments during 4 WAP in 2017 cropping 

season. There was a significant interactive effect of the metal salt and concentration on 

chlorophyll a, b and total during 4 WAP and the most significant (p≤ 0.05) was with the 

control. 

4.14  Chlorophyll content in Beans during 2 and 4 WAP 2018 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on chlorophyll 

Contents of beans plants during 2018 cropping seasons are presented in Tables 48-51. 

Table 48 shows that the most significant result of chlorophyll a was with the control and nano 

copper treated plants produced improved quantity of chlorophyll. 

In table 49, there were significant effects of the metal salt on chlorophyll a, b and total at 2 

WAP of 2018 cropping season. Zinc oxide nanoparticles and bulk copper treated beans 

produced higher chlorophyll numerically than the copper nanoparticles and bulk zinc oxide 

treated plants. 
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In table 50, all treatments reduced the chlorophyll content in relation to the control. 

Furthermore, zinc oxide treated plants showed a significant increase in the chlorophyll 

contents numerically during 4 WAP in 2018 cropping season. The control plants produced 

the most significant (p≤ 0.05) chlorophyll a which is not different significantly from the 

chlorophyll produced from zinc oxide nanoparticles 1000 mg/kg treatments. The least 

significant values were from the bulk treated plants. In addition, the control still produced the 

highest content of chlorophyll b during 4 WAP in 2018 cropping season. The same trend was 

followed in the content of total chlorophyll. 

In table 51, all treatments produced reduced chlorophyll content making the most significant 

treatment to be the control. Zinc oxide nanoparticles treatment produced enhanced 

chlorophyll a, b and total especially with treatment 1000 mg/kg. 
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Table 44: Effects of Nanoparticles and bulk particles (Cu and ZnO) on chlorophyll 

  (mg/g fw) content of beans 2 WAP during 2017 cropping season 

 

  Chlorophyll  (mg/g fw) 

Metal salts Chlorophyll a Chlorophyll b Total Chlorophyll 

nCu  0.82b 0.66b 1.48a 

nZnO 0.66b 0.63b 1.28a 

bCu 0.51b 0.82b 1.08a 

bZnO 0.59b 0.66b 0.99b 

Concentrations    

Control 0.59b  1.00a 1.34a 

300 mg/kg 0.64b 0.72b 1.27a 

600 mg/kg 0.53b 0.54b 0.83b 

1000 mg/kg 0.83b 0.44b 0.93b 

Interaction 0.000* 0.001*   0.002* 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 
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Table 45: Interactive effect between metal salts and various concentrations on the 

  chlorophyll (mg/g fw) content of beans at 2 WAP during 2017 cropping 

  season 

 

 Chlorophyll (mg/g fw)  

Metal salt Chlorophyll a Chlorophyll b Total Chlorophyll  

Control 0.87±0.53b 1.90±0.50a 1.96±0.23a 

nCu 300 mg/kg 0.77±0.47b 0.97±0.40b 1.73±0.11a 

nCu 600 mg/kg 0.77±0.11b 0.57±0.12b 1.40±0.12b 

nCu 1000 mg/kg 0.93±0.41b 0.43±0.21c 1.37±0.21b 

nZnO 300 mg/kg 0.73±0.25b 0.40±0.10c 1.13±0.40b 

nZnO 600 mg/kg 0.40±0.11c 0.73±0.45b 1.13±0.23b 

nZnO 1000mg/kg 0.87±0.47b 0.47 ±0.25c 1.33 ±0.23b 

bCu 300 mg/kg 0.57±0.47b 0.53±0.81b 0.88±0.19c  

bCu 600 mg/kg 0.53±0.20b 0.40±0.10c 0.41±0.24c 

bCu 1000 mg/kg 0.63±0.35b 0.31±0.35c 0.71±0.10c 

bZnO 300 mg/kg 0.53±0.20b 0.10±0.75c 0.35±0.05c 

bZnO 600 mg/kg 0.40±0.10c 0.47±0.15c 0.44±0.30c 

bZnO 1000mg/kg 0.43±0.06c 0.50±0.25b 0.31±0.20c 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide  
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Table 46: Effects of Nanoparticles and bulk particles (Cu and ZnO) on chlorophyll 

  (mg/g fw) content of beans 4 WAP during 2017 cropping season 

 

  Chlorophyll  (mg/g fw) 

Metal salts Chlorophyll a Chlorophyll b Total Chlorophyll 

nCu  0.11b 0.78a 0.94a 

nZnO 0.24b 0.43b 0.67a 

bCu 1.53a 0.82a 1.13a 

bZnO 0.24b 0.66a 0.92a 

Concentrations    

Control 0.34b 1.27a 1.27a 

300 mg/kg 0.12b 1.06a   1.08a 

600 mg/kg 0.19b 0.56a 0.56a 

1000 mg/kg 0.23b 0.70a 0.70a 

Interaction 0.000* 0.002*   0.001* 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant, N.S = not significant 
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Table 47: Interactive effect between metal salts and various concentrations on the 

  chlorophyll (mg/g fw) content of beans at 4 WAP during 2017 cropping 

  season 

 

  Chlorophyll  (mg/g fw)  

Metal salt Chlorophyll a Chlorophyll b Total Chlorophyll  

Control 1.12±0.14c 1.57±0.15b 2.74±0.15a 

nCu 300 mg/kg 0.11±0.08d 1.77±0.19b 1.88±1.19b 

nCu 600 mg/kg 0.47±0.14d 0.27±0.15d 0.41±0.24d 

nCu 1000 mg/kg 0.18±0.14d 0.53±0.15c 0.71±0.10c 

nZnO 300 mg/kg 0.53±0.40c 0.23±0.06d 0.35±0.05d 

nZnO 600 mg/kg 0.11±0.08d 0.27±0.21d 0.44±0.30d 

nZnO 1000mg/kg 0.18±0.14d 0.17 ±0.06d 0.31 ±0.20d 

bCu 300 mg/kg 0.12±0.77d 0.39±0.01d 0.75±0.91c 

bCu 600 mg/kg 0.06±0.00e 0.45±0.07d 0.61±0.13c 

bCu 1000 mg/kg 0.14±0.10d 0.40±0.09d 0.61±0.13c 

bZnO 300 mg/kg 0.12±0.00d 0.10±0.75d 0.29±0.76d 

bZnO 600 mg/kg 0.29±0.18d 0.43±0.15d 0.74±0.06c 

bZnO 1000mg/kg 0.29±0.18d 0.44±0.31d 0.89±0.33c 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 48: Effects of Nanoparticles and bulk particles (Cu and ZnO) on chlorophyll 

  (mg/g fw) content of beans 2 WAP during 2018 cropping season 

 

  Chlorophyll  (mg/g fw) 

Metal salts Chlorophyll a Chlorophyll b Total Chlorophyll 

nCu  1.03b 0.77b 1.79a 

nZnO 0.81b 0.56b 1.37b 

bCu 0.72b 0.69b 1.42b 

bZnO 0.50b 0.64b 1.14b 

Concentrations    

Control 0.96b 0.95b 1.78a 

300 mg/kg 0.83b 0.47c 1.12b 

600 mg/kg 0.55b 0.48c 1.03b 

1000 mg/kg 0.65b 0.75b 1.48b 

Interaction 0.000* 0.002*    0.001*  

n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 
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Table 49: Interactive effect between metal salts and various concentrations on the 

  chlorophyll (mg g fw) content of beans at 2 WAP during 2018 cropping 

  season 

 

  Chlorophyll  (mg/g fw) 

Metal salt Chlorophyll a Chlorophyll b Total chlorophyll 

Control 1.70±0.10b 0.65±0.38c 2.70±0.10a 

nCu 300 mg/kg 1.23±0.11c 1.00±0.21c 1.97±0.11b 

nCu 600 mg/kg 0.80±0.00c 0.70±0.04c 1.80±0.00b 

nCu 1000 mg/kg 1.00±0.58c 0.59±0.06c 1.89±0.43b 

nZnO 300 mg/kg 0.73±0.42c 0.90±0.09c 1.16±0.32c 

nZnO 600 mg/kg 0.50±0.10c 0.67±0.07c 1.24±0.12c 

nZnO 1000mg/kg 1.30±0.10c 0.75±0.12c 1.30±0.10c 

bCu 300 mg/kg 0.80±0.40c 0.17±0.15d 0.80±0.40c 

bCu 600 mg/kg 0.60±0.14c 0.62±0.13c 1.00±1.15c 

bCu 1000 mg/kg 0.60±0.14c 0.27±0.28d 0.79±0.18c 

bZnO 300 mg/kg 0.53±0.06c 0.27±0.28d 0.17±0.01d 

bZnO 600 mg/kg 0.38±0.15d  0.34±0.25d  0.98±0.00c 

bZnO 1000mg/kg 0.40±0.10d 0.67±0.10c 1.06±0.10c 

    

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 50: Effects of Nanoparticles and bulk particles (Cu and ZnO) on chlorophyll 

  (mg/ g fw) content of tomato 4 WAP during 2018 cropping season 

 

  Chlorophyll  (mg g fw) 

Metal salts Chlorophyll a Chlorophyll b Total Chlorophyll 

nCu  0.41c 0.56b 1.79a 

nZnO 0.98b 0.47c 1.37b 

bCu 0.58b 0.96b 1.05b 

bZnO 0.22c 0.47c 0.69b 

Concentrations    

Control 0.60a 0.69a 1.08a 

300 mg/kg 0.44b 0.41b 1.24a 

600 mg/kg 0.12b 0.51a 0.87a 

1000 mg/kg 0.58a 0.68a 0.87a 

Interaction 0.002* 0.003*   0.001* 

 Values with the same superscript along treatments are not significant at p≤ 0.05, nCu = 

copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk zinc 

oxide, * = significant 
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Table 51: Interactive effect between metal salts and various concentrations on the 

  chlorophyll content of beans at 4 WAP for 2018 cropping season 

 

 Chlorophyll  (mg/g fw)  

Metal salt Chlorophyll a Chlorophyll b Total Chlorophyll  

Control 2.04±0.00b 2.73±0.42a 3.20 ±0.17a 

nCu 300 mg/kg 0.10±0.00d 0.50±0.00c 2.20±0.17b 

nCu 600 mg/kg 0.73±0.15c 0.53±0.15c 1.40±0.10c 

nCu 1000 mg/kg 0.73±0.06c 0.47±0.12d 2.37±0.66b 

nZnO 300 mg/kg 1.20±0.00c 0.10±0.00d 1.23±0.76c 

nZnO 600 mg/kg 1.50±0.00b 0.31±0.00d 0.73±0.15c 

nZnO 1000mg/kg 1.20±0.00c 1.00±0.00c 2.37 ±0.21b 

bCu 300 mg/kg 0.17±0.06d 0.73 ±0.06c 1.03 ±0.91c 

bCu 600 mg/kg 0.04±0.01e 0.97 ±0.89c 1.00 ±0.91c 

bCu 1000 mg/kg 0.33±0.21d 0.77±0.40c 1.10±0.61c 

bZnO 300 mg/kg 0.31±0.25d 0.31±0.24d 0.62±0.48c 

bZnO 600 mg/kg 0.14±0.16d 0.22±0.18d 0.35±0.30d 

bZnO 1000mg/kg 0.06±0.01e 0.47±0.06d 0.53±0.05c 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.15  Chlorophyll content in Tomato during 2 and 4 WAP of 2017 cropping season 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on chlorophyll 

contents of tomato plants during 2018 cropping seasons are presented in Tables 52-55 

Table 52 shows the effects of Cu and ZnO nanoparticles and bulk particles on chlorophyll 

content of tomato during 2 WAP in 2017 cropping season. Zinc oxide nanoparticles and bulk 

Cu enhanced the production of chlorophyll a while nano Cu and ZnO enhanced the 

production of chlorophyll b during 2 WAP of 2017. The control plants produced the highest 

content of chlorophyll a, b and total. Furthermore, there were significant interactive effects 

between the metal salts and chlorophyll a, b and total in tomato during 2 WAP in 2017 

cropping season. 

Table 53 shows the interactive effects among metal salts and various concentrations on the 

chlorophyll contents of tomato during 2 WAP in 2017. All treatments reduced the contents of 

chlorophyll a and total chlorophyll contents and the most significant chlorophyll a was 

produced in the control plants while the least significant chlorophyll a content was produced 

in bulk treated plants. In the same vein, total chlorophyll was highest in the control plants and 

the least significant total chlorophyll was produced in the bulk treated tomato plants.  

Table 54 shows the effects of Cu and ZnO nanoparticles and bulk particles on chlorophyll 

content of tomato during 4WAP in 2017 cropping season. There were significant (p≤ 0.05) 

interactive effects of the metal salts and concentration on chlorophyll a, b and total. 

Chlorophyll a was produced in high quantity in plants treated with n nZnO numerically while 

the least significant (p≤ 0.05) content of chlorophyll a was produced in bulk zinc oxide 

treated plants. In addition, chlorophyll b was highest in plants treated with copper 

nanoparticles while the least was also produced in bulk zinc oxide numerically. Nanoparticles 

treated plants produced the highest quantity of total chlorophyll and the least were from bulk 
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treated plants. There were no significant difference in the quantity of chlorophyll a, b and 

total in control and 300 mg/kg treatments. 

Table 55 shows the interactive effects between metal salts and various concentrations on the 

chlorophyll content of tomato during 4 WAP in 2017cropping season. All treatments reduced 

the content of chlorophyll a, b and total. 

4.16  Chlorophyll content in tomato during 2 and 4 WAP of 2018 cropping season 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on chlorophyll 

contents of tomato plants during 2018 cropping seasons are presented in Tables 56-59. 

Table 56 shows the effects of Cu and ZnO nanoparticles and bulk particles on chlorophyll 

content of tomato during 2 WAP in 2018 cropping season. There were significant interactive 

effects in the metal salts and concentrations on the content of chlorophyll a, b, and total in 

tomato plants during 2 WAP in 2018 cropping season.  

Table 57 shows that there was a significant effect of all the metal salts on tomato plants 

during 2 WAP in 2018. Treatments reduced the content of chlorophyll a, b and total 

chlorophyll. Table 58 shows the interactive effects among metal salts and various 

concentrations on the chlorophyll content of tomato during 2 WAP in 2018 cropping season. 

Chlorophyll a was highest in plants treated with zinc oxide nanoparticles and there were 

significant difference between those treated with copper nanoparticles, bulk copper and bulk 

zinc oxide. All treatments reduced the contents of chlorophyll throughout the period of the 

experimentation. There were significant interactive effect among the metal salts and 

concentrations onchlorophyll b and total chlorophyll in tomato during 4 WAP in 2018 

croppping. season.Table 59 shows that chlorophyll a, b and total were produced in high 

quantity in the control plants 
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Table 52: Effects of Nanoparticles and bulk particles (Cu and ZnO) on chlorophyll 

  (mg/g fw) content of tomato 2 WAP during 2017 cropping season 
  

 

 

 Chlorophyll  (mg/g fw)  

Metal salts Chlorophyll a Chlorophyll b Total Chlorophyll 

nCu  0.13b 0.35b 0.48ab 

nZnO 0.24b 0.34b 0.59a 

bCu 0.22b 0.08c 0.29b 

bZnO 0.10b 0.08c 0.18b 

Concentrations    

Control 0.29b 0.23b 0.52a 

300 mg/kg 0.17b 0.17b 0.34b 

600 mg/kg 0.11b 0.19b 0.29b 

1000 mg/kg 0.08c 0.26b 0.34b 

Interaction 0.018* 0.000*   0.005* 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 
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Table 53: Interactive effect between metal salts and various concentrations on the 

  chlorophyll (mg g fw) content of tomato at 2 WAP for 2017 cropping  

  season 

 

Metal salt Chlorophyll  

Chlorophyll a 

(mg/g fw) 

Chlorophyll b 

Total 

chlorophyll 

 

Control 1.15±0.90b 1.54±0.18a 2.02±0.08a 

nCu 300 mg/kg 0.13±0.06c 0.43±0.23c 1.22±0.72b 

nCu 600 mg/kg 0.11±0.08c 0.35±0.50c 1.34±0.15b 

nCu 1000 mg/kg 0.15±0.13c 0.92±0.95b 1.67±0.18a 

nZnO 300 mg/kg 0.17±0.06c 0.37±0.12c 1.22±0.18b 

nZnO 600 mg/kg 0.17±0.14c 0.51±0.10b 1.55±0.18a 

nZnO 1000mg/kg 0.10±0.00c 0.33 ±0.06c 0.94±0.18b 

bCu 300 mg/kg 0.27±0.15c 0.31 ±0.11c 1.03±0.00b 

bCu 600 mg/kg 0.11±0.08c 0.19 ±0.06c 1.00±0.21b 

bCu 1000 mg/kg 0.03±0.10c 0.05±0.01d 0.09±0.30d 

bZnO 300 mg/kg 0.12 ±0.16c 0.25±0.21c 0.82±0.10b 

bZnO 600 mg/kg 0.02±0.10d 0.13±0.17c 0.61±0.18b 

bZnO 1000mg/kg 0.04±0.05d 0.06±0.05d 0.42±0.18c 

    

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 54: Effects of Nanoparticles and bulk particles (Cu and ZnO) on chlorophyll 

  (mg/g fw) content of tomato 4 WAP during 2017 cropping season 

 

 Chlorophyll  (mg/g fw)  

Metal salts Chlorophyll a Chlorophyll b Total Chlorophyll 

nCu  0.10b 0.45b 0.61a 

nZnO  0.25b 0.29b 0.52a 

bCu 0.13b 0.18b 0.31b 

bZnO 0.09c 0.17b 0.27b 

Concentrations    

Control 0.18b 0.34b 0.52a 

300 mg/kg 0.16b 0.32b 0.47b 

600 mg/kg 0.11b 0.27b 0.38b 

1000 mg/kg 0.15b 0.16b 0.31b 

Interaction 0.017* 0.116*    0.000*  

 n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 
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Table 55: Interactive effect between metal salts and various concentrations on the 

  chlorophyll content of tomato at 4 WAP during 2017 cropping season 

 

 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 

 

 

 

 

  Chlorophyll  (mg/g fw) 

Metal salt Chlorophyll a Chlorophyll b Total Chlorophyll 

Control 1.13±0.06b 1.50±0.17b 2.52±0. 10a 

nCu 300 mg/kg 0.11±0.09d 0.60±0.17c 1.50±0. 10b 

nCu 600 mg/kg 0.20±0.10d 0.40±0.10d 1.20±0. 10c 

nCu 1000 mg/kg 0.20±0.10d 0.30±0.17d 0.64±0.00c 

nZnO 300 mg/kg 0.30±0.17d 0.45±0. 10d 1.00±0.00 c 

nZnO 600 mg/kg 0.17±0.14d 0.30±0.20d 1.20±0. 10c 

nZnO 1000mg/kg 0.10±0.00d 0.20±0. 10d 0.50±0. 10c 

bCu 300 mg/kg 0.05±0.04e 0.27 ±0.06d 0.53±0. 10 c 

bCu 600 mg/kg 0.03±0.00e 0.20±0. 10d 0.25±0. 10d 

bCu 1000 mg/kg 0.10±0.16d 0.13±0.16d 0.40±0. 10d 

bZnO 300 mg/kg 0.02±0.01e 0.08±0.00e 0.23±0. 10d 

bZnO 600 mg/kg 0.02±0.05e 0.04±0.10e 0.09±0. 10e 

bZnO 1000mg/kg 0.07±0.05e 0.01±0.05e 0.16±0. 10d 
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Table 56: Effects of Nanoparticles and bulk particles (Cu and ZnO) on chlorophyll 

  (mg/g fw) content of tomato 2 WAP during 2018 cropping season 

 

  Chlorophyll  (mg/g fw) 

Metal salts Chlorophyll a Chlorophyll b Total Chlorophyll 

nCu  0.22b 0.24b 0.46b 

nZnO  0.28b 0.24b 0.52a 

bCu 0.17b 0.12b 0.28b 

bZnO 0.14b 0.15b 0.29b 

Concentrations    

Control 0.23b 0.24b 0.48a 

300 mg/kg 0.25b 0.21b 0.46a 

600 mg/kg 0.19b 0.13b 0.32b 

1000 mg/kg 0.12b 0.18b 0.30b 

Interaction 0.001* 0.00*  0.003*  

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 
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Table 57: Interactive effect between metal salts and various concentrations on the 

  chlorophyll (mg/g fw) content of tomato at 2 WAP during 2018 cropping 

  season 

 

 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 

 

 

 

 

 Chlorophyll  (mg/g fw)  

Metal salts Chlorophyll a Chlorophyll b Total chlorophyll 

Control 1.08±0.01a 1.39±0.10a 1.43±0.00a 

nCu 300 mg/kg 0.03±0.03d 0.20±0.23c 0.62±0.00b 

nCu 600 mg/kg 0.05±0.04d 0.15±0.02c 0.40±0.10b 

nCu 1000 mg/kg 0.07±0.14d 0.28±0.23c

  
 0.70±0.29b 

nZnO 300 mg/kg 0.37±0.21b 0.47±0.06b 0.96±0.00a 

nZnO 600 mg/kg 0.10±0.10c 0.15±0.26c 0.78±0.10a 

nZnO 1000mg/kg 0.30±0.00b 0.13±0.16c  0.46±0.00b 

bCu 300 mg/kg 0.01±0.00d 0.80±0.05b  0.99±0.04a 

bCu 600 mg/kg 0.05±0.04d 0.13±0.01c  0.16±0.00b 

bCu 1000 mg/kg 0.24±0.04b 0.03±0.02d 0.29±0.01b 

bZnO 300 mg/kg 0.12±0.09c 0.40±0.00c 0.91±0.00a 

bZnO 600 mg/kg 0.03±0.01d 0.08±0.01d 0.09±0.01d 

bZnO 1000mg/kg 0.04±0.10 d 0.07±0.09d 0.31±0.00c 
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Table 58: Effects of Nanoparticles and bulk particles (Cu and ZnO) on chlorophyll 

  (mg/g fw) content of tomato 4 WAP during 2018 cropping season 

 

  Chlorophyll  (mg/g fw) 

Metal salts Chlorophyll a Chlorophyll b Total Chlorophyll 

nCu  0.09a 0.26b 0.36a 

nZnO  0.15b 0.27b 0.41a 

bCu 0.09d 0.04d 0.14b 

bZnO 0.09d 0.17b 0.26b 

Concentrations    

Control 0.17b 0.28b 0.45a 

300 mg/kg 0.12b 0.18b 0.29b 

600 mg/kg 0.07c 0.11b 0.17b 

1000 mg/kg 0.07c 0.21b 0.28b 

Interaction 0.000*  0.036*   0.000*   

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 
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Table 59: Interactive effect between metal salts and various concentrations on the 

  chlorophyll (mg/g fw) content of tomato at 4 WAP during 2018 cropping 

  season 

 

 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 

 

 

 

 Chlorophyll  (mg/g fw)  

Metal salts Chlorophyll a Chlorophyll b Total chlorophyll 

Control 1.10±0.00a 1.40±0.10a 1.45±0.00a 

nCu 300 mg/kg 0.02±0.01d 0.18±0.27c 0.51±0.10b 

nCu 600 mg/kg 0.02±0.01d 0.13±0.06c 0.46±0.10b 

nCu 1000 mg/kg 0.05±0.04d 0.33±0.06b 0.90±0.09b 

nZnO 300 mg/kg 0.27±0.21c 0.37±0.06b 0.56±0.00b 

nZnO 600 mg/kg 0.20±0.10c 0.13±0.06c 0.73±0.20b 

nZnO 1000mg/kg 0.10±0.00c 0.10 ±0.00c 0.35±0.00c 

bCu 300 mg/kg 0.10±0.00c 0.70 ±0.50b 0.90±0.04b 

bCu 600 mg/kg 0.05±0.04d 0.12 ±0.16c 0.18±0.00c 

bCu 1000 mg/kg 0.22±0.04c 0.05±0.06d 0.29±0.00c 

bZnO 300 mg/kg 0.10±0.09c 0.20±0.00c 0.50±0.00b 

bZnO 600 mg/kg 0.02±0.01d 0.04±0.02d 0.09±0.00d 

bZnO 1000mg/kg 0.20±0.10 d 0.09±0.09d 0.31±0.00c 
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4.17  Flowering and fruiting in Bean plants during 2017 and 2018 cropping season  

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on flowering and 

fruiting of bean plants for 2017 and 2018 cropping seasons are presented in Tables 60-63. 

Table 60 shows the effects of Cu and ZnO nanoparticles and bulk particles on flowering and 

fruiting in beans in 2017 cropping season. Bulk zinc oxide delayed flowering in beans and the 

same trend was observed in fruiting. 

Table 60 further revealed that there were significant interactive effects among the metal salts 

and concentration on flowering and fruiting in beans in the year 2017 cropping season. The 

bulk zinc oxide metal salts recorded the most significantly longest number of days to 

flowering and fruiting. 

Table 61 shows that copper and zinc oxide nanoparticles and bulk copper treated beans 

flowered earlier than the control suggesting that their treatments enhanced flowering in 

beans. The copper nanoparticles treated beans flowered about twenty one days earlier than 

the control. The same trend was also observed for the days to fruiting and that copper 

nanoparticle treated beans fruited after forty six to forty eight (46-48) days. Bulk copper 

flowered after sixty three to sixty four days (63-64). The results showed that copper and zinc 

oxide nanoparticles and bulk copper enhanced flowering and fruiting in beans. 

Table 62 shows the effects of Cu and ZnO nanoparticles and bulk particles on flowering and 

fruiting in bean during 2017 cropping season. Copper nanoparticles treated beans flowered 

and fruited earlier than the control. Twelve to thirteen days earlier for flowering and fruiting. 

It is worthy to note that concentrations delayed flowering by seven (7) days and seven to ten 

(7-10) days for fruiting earlier than other treatments. About thirteen (13) days earlier than the 
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control plants. This suggests that copper nanoparticles enhanced flowering and fruting in 

bean plants. 

Futhermore, in 2018 cropping season, flowering started after 55 days of planting in the 

control plants while in copper nanoparticles 300 mg/kg treatments, flowers emerged after 42 

days of planting. The longest number of days for flowering and fruiting was with bulk zinc 

oxide 300, 600 and 1000 mg/kg treatments (Table 63). 

Table 64 shows that there were significant interactive effect among the metal salt and 

concentration on flowering and fruiting in tomato during 2017 cropping season. 

Nanoparticles treated plants flowered earlier than the control (4-5) days. Zinc oxide and 

copper banoparticles fruited earlier than the control (7-9) days. 

Table 65 revealed that all treatments flowered earlier than the control (< 70) days while the 

control flowered on the 75th day. Furthermore, nanoparticles of copper and zinc oxide 300 

mg/kg flowered after 53 days each respectively. The bulk copper 600 and 1000 mg/kg   and 

bulk zinc oxide treatments delayed flowering by 1-6 days respectively. Nano zinc oxide 1000 

mg/kg matured by day 65, copper nanoparticles 300 and 600 mg/ kg treatments matured by 

day 66 and 67 respectively. It is worthy to note that all treatments especially nanoparticles 

enhanced better fruiting and flowering than bulk materials and the control. 

Table 66 shows that copper nanoparticles 300 and 600 mg/kg and zinc oxide nanoparticles 

300 and 600 mg/kg flowered and fruited earlier while other treatments delayed flowering and 

fruiting in tomato plants. Similar trends were also observed in table 67. 
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Table 60: Effects of Nanoparticles and bulk particles (Cu and ZnO) on flowering 

  and fruiting (days) of bean for 2017 cropping season. 

 

Flowering and  Fruiting (days)  

Metal salts Flowering Fruiting 

nCu  43.08c 45.75c 

nZnO  50.00c  60.00b  

bCu 58.75b 62.92b 

bZnO 64.63b 71.88a 

Concentrations   

Control 56.92a  62.75a 

300 mg/kg 50.92b  54.00b  

600 mg/kg 52.75b 60.92a 

1000 mg/kg 56.75a 61.83a 

Interaction 0.001*  0.004*   

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 
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Table 61: Interactive effect between metal salts and various concentrations on  

  flowering and fruiting of bean for 2017 cropping season 

 

 Flowering and  Fruiting (days) 

Metal salt Flowering Fruiting 

Control 63.00±1.00b 73.30±0.00a 

nCu 300 mg/kg 42.67±0.58d 46.67±0.58c 

nCu 600 mg/kg 42.67±1.15d 46.67±1.15c 

nCu 1000 mg/kg 44.00±0.00d 48.00±0.00c 

nZnO 300 mg/kg 55.00±0.00c 60.33±0.58b 

nZnO 600 mg/kg 54. 00 ± 0.00c 60.00±0.00b 

nZnO 1000mg/kg 55. 00 ± 0.00c 60.00±0.00b 

bCu 300 mg/kg 60.00±0.58b 65.00±0.00b 

bCu 600 mg/kg 60.00±0.00b 64.33 ±0.58b 

bCu 1000 mg/kg 63.00±0.00b 63.33 ±0.58b 

bZnO 300 mg/kg 70.00±0.04a 75.00±0.00a 

bZnO 600 mg/kg 70.00±0.04a  76.70±0.58a 

bZnO 1000mg/kg 70.00±0.04a 75.00±0.00a 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 62: Effects of Nanoparticles and bulk particles (Cu and ZnO) on flowering 

  and fruiting (days) of bean during 2018 cropping season. 

 

Flowering and  Fruiting (days)  

Metal salts Flowering Fruiting 

nCu  43.08d 48.75d 

nZnO  50.75c 55.00c  

bCu 58.63b 62.92b 

bZnO 63.38a 70.19a 

Concentrations   

Control 56.67b  69.83b 

300 mg/kg 49.83c 59.92c 

600 mg/kg 56.42b 62.25b 

1000 mg/kg 60.50a 70.33a 

Interaction 0.019*  0.040*   

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 
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Table 63: Interactive effect between metal salts and various concentrations on  

  flowering and fruiting (days) of bean for 2018 cropping season 

 

 Flowering and Fruiting (days) 

Metal salt Flowering Fruiting 

Control 55.00±0.00c 56.67±5.77cd 

nCu 300 mg/kg 42.67±0.58d 46.67±1.15ef 

nCu 600 mg/kg 42.67±1.15d 46.67±1.15ef 

nCu 1000 mg/kg 44.00±0.00d 48.00±0.00ef 

nZnO 300 mg/kg 55.67±1.00c 63.33 ±0.58b  

nZnO 600 mg/kg 54.00±1.00c 52.67 ±2.52cd  

nZnO 1000mg/kg 55. 00 ± 0.00c 63.33 ±0.58b 

bCu 300 mg/kg 60.00±0.00b 65.00±0.00 b 

bCu 600 mg/kg 60. 00 ± 0.00b 65.00±0.00b 

bCu 1000 mg/kg 53.00±0.00c 65.00±0.00b 

bZnO 300 mg/kg 68.33±1.15a 74.00±0.00a 

bZnO 600 mg/kg 69.00±0.00a 75.33±0.58a 

bZnO 1000mg/kg 69.00±1.00a 73.00±1.00a 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 64: Effects of Nanoparticles and bulk particles (Cu and ZnO) on flowering 

  and fruiting (days) of tomato for 2017 cropping season. 

 

 Flowering and  Fruiting (days) 

Metal salts Flowering Fruiting 

nCu  58.82b 67.58b 

nZnO  56.92b 63.42b 

bCu 67.38a 77.50a 

bZnO 68.31a 78.63a 

Concentrations   

Control 65.92a  70.25a 

300 mg/kg 59.67b 68.83b 

600 mg/kg 64.00a 69.50b 

1000 mg/kg 61.17a 79.92a 

Interaction 0.000*  0.000*   

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 
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Table 65: Interactive effect between metal salts and various concentrations on  

  flowering and fruiting (days) of tomato for 2017 cropping season 

 

 Flowering and  Fruiting (days) 

Metal salt Flowering Fruiting 

Control 75.00±0.00a 79.00±0.00a 

nCu 300 mg/kg 53.33±1.53c 66.33±0.00b 

nCu 600 mg/kg 61.33±2.31b 66.33±0.00b 

nCu 1000 mg/kg 63.33±0.58b 67.00±0.00b 

nZnO 300 mg/kg 53.00±1.00c 60.00±0.00b 

nZnO 600 mg/kg 60.67±4.04b 68.33±2.89b 

nZnO 1000mg/kg 56.67±2.89c 65.00±0.00b 

bCu 300 mg/kg 69.00±1.73b 72.33±2.89a 

bCu 600 mg/kg 73.00±2.00a 77.00±5.77a 

bCu 1000 mg/kg 71.00±1.73a 74.00±0.00a 

bZnO 300 mg/kg 63.00±2.64b 73.33±5.77a 

bZnO 600 mg/kg 63.00±2.65b  73.00±2.65a 

bZnO 1000mg/kg 72.67±7.51a 75.00±7.51a 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 66: Effects of Nanoparticles and bulk particles (Cu and ZnO) on flowering 

  and fruiting of tomato during 2018 cropping season. 

 

Flowering and  Fruiting (days)  

Metal salts Flowering Fruiting 

nCu  58.75b 66.92c 

nZnO  58.58b 70.92b 

bCu 69.38a 80.25a 

bZnO 70.81a 83.88a 

Concentrations   

Control 67.83a  76.42a 

300 mg/kg 62.33a 73.75a 

600 mg/kg 64.75a  75.67a 

1000 mg/kg 65.83a 77.33a 

Interaction 0.000*  0.000*   

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 
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Table 67: Interactive effect between metal salts and various concentrations on  

  flowering and fruiting (days) of tomato during 2018 cropping season 

 

Flowering and    Fruiting (days)  

Metal salt Flowering Fruiting 

Control 76.67±1.53a 85.00±2.00a 

nCu 300 mg/kg 53.33±2.89c 60.00±0.00c 

nCu 600 mg/kg 58.00±0.00c 62.67±2.31c 

nCu 1000 mg/kg 63.67±3.20b 70.00±0.00b 

nZnO 300 mg/kg 53.33±0.58c 70.67±1.15b 

nZnO 600 mg/kg 57.33±6.68c 70.00±0.00b 

nZnO 1000mg/kg 60.00±0.00b 71.67±1.53b 

bCu 300 mg/kg 74.33±4.04a 81.67 ±2.89a 

bCu 600 mg/kg 76.67±1.53a 85.00 ±2.00a 

bCu 1000 mg/kg 76.00±1.00e 83.00 ±3.00a 

bZnO 300 mg/kg 68.33±5.77b 82.64±0.62a 

bZnO 600 mg/kg 67.00±1.73b  82.00±0.00a 

bZnO 1000mg/kg 66.00±1.73b 83.67±5.13a 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.18  Seed morphology in Beans during 2017 and 2018 cropping season  

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) ) on number of 

pod per  plant, number of seed per pod, number of seed per plant and pod length of bean for 

2017  and  2018 cropping  seasons are presented in Tables 68-75. 

Table 68 shows the effects of Cu and ZnO nanoparticles and bulk particles on the number of 

pods per plant, number of seeds per pod, number of seed per plant and pod length in bean 

plant during 2017 and 2018 cropping seasons. Highest number of pods per plants was found 

in 600 mg/kg of the metal salt applications. Copper and zinc oxide nanoparticles treated 

beans produced significantly (p≤ 0.05) highest number of pods than the control as well in 

2017 and 2018 cropping season. The nanoparticles treated beans produced higher number of 

pods than the bulk treated plants. 

Table 69 shows the interactive effects among metal salts and various concentrations on 

number of pod per bean plant during 2017 and 2018 cropping seasons. The 300, 600 and 

1000 mg/kg copper and zinc oxide nanoparticles and bulk copper as well as bulk zinc oxide 

produced more pods than the control in 2017 and 2018 cropping seasons. This shows that 

zinc or copper (nano or bulk) enhanced the productivity of beans.  

Table 70 shows the eff ects of copper and zinc oxide on number of seeds per bean pod during 

2017 and 2018 cropping season. All the bean treatments in both years had significant 

interactive effects on the number of seeds per pod. 

Table 71 shows the interactive effects among metal salts and various concentrations on 

number of seeds per pod during 2017 and 2018 cropping seasons. Copper nanoparticles 

treated bean had higher number of seeds per pod in both years than bulk treated bean. The 
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highest number of pod was however produced from copper nanoparticles treatments of 300, 

600 and 1000 mg/kg and zinc oxide nanoparticles 600 mg/kg. 

Table 72 shows the effects of copper and zinc oxide on number of seeds per bean plant 

during 2017 and 2018 cropping seasons. All treatments except bulk zinc oxide in 2018 

produced number of seeds per bean plant (greater than six) (> 6) than the control. 

Table 73 shows the interactive effects among metal salts and various concentrations on 

number of seed per bean plant during 2017 and 2018 cropping seasons. Copper and zinc 

oxide nanoparticles treated bean plants produced more seeds per plant in both years than the 

control. It is worthy to note that copper nanoparticles produced the highest number of seeds 

(12.33 and 11.33) in both years. 

Table 73 shows the effects of copper and zinc oxide on pod length during 2017 and 2018 

cropping seasons. Copper and zinc oxide, bulk copper and zinc oxide all increased pod length 

in 2017 while all the treatments reduced the pod length in 2018 cropping season. 

Table 74 shows the interactive effects among metal salts and various concentrations on 

number of seed per pod during 2017 and 2018 cropping seasons. All concentrations of copper 

nanoparticles and 300 mg/kg of zinc oxide nanoparticles produced longer pods than the 

control plants. In the same vein, all treatments enhanced the length of beans except bulk zinc 

oxide in both cropping seasons. 

There was a significant interactive effect of the metal salts and concentration on number of 

pod per plant, number of seed per plant and pod length of beans in 2017 and 2018 cropping 

seasons (Tables 68-75). 
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Table 68: Effects of Nanoparticles and bulk particles (Cu and ZnO) on number of 

  pod per plant during 2017 and 2018 cropping season. 

 

 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

Metal salts Number of pod per plant 

(2017) 

Number of pod per plant 

(2018) 

nCu  3.33a 4.00a 

nZnO  3.33a 3.83a 

bCu 1.88b 1.88b 

bZnO 2.38b 1.81b 

Concentrations   

Control 2.17c 2.42b 

300 mg/kg 2.83b 2.83b 

600 mg/kg 3.50a 3.33a 

1000 mg/kg 2.58b 2.92b 

Interaction 0.000*  0.000*   
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Table 69: Interactive effect between metal salts and various concentrations on  

  number of pod per plant during 2017 and 2018 cropping season. 

 

Metal salt Number of pod per plant 

(2017) 

Number of pod per plant 

(2018) 

Control 1.25±0.58e 1.22±0.00e 

nCu 300 mg/kg 4.33±0.58a 5.00±0.00a 

nCu 600 mg/kg 5.00±1.73a 5.33±0.58a 

nCu 1000 mg/kg 2.67±0.58c 4.33±0.58a 

nZnO 300 mg/kg 4.00±0.00a 4.00±0.00a 

nZnO 600 mg/kg 5.00±0.00a 4.33±0.58a 

nZnO 1000mg/kg 2.00±0.00c 3.00±0.00b 

bCu 300 mg/kg 1.43±0.58de 1.33 ±0.20de 

bCu 600 mg/kg 2.33±0.58c 2.33 ±0.58c 

bCu 1000 mg/kg 3.00±0.00b 3.00 ±0.00b 

bZnO 300 mg/kg 1.67±0.58de 1.00±0.00 ef  

bZnO 600 mg/kg 1.67±0.58de 1.53±0.18 de 

bZnO 1000mg/kg 2.67±0.58c 1.30±0.53 de 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 70: Effects of Nanoparticles and bulk particles (Cu and ZnO) on number of 

  seed per pod during 2017 and 2018 cropping season. 

 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

Metal salts Number of seed per pod 

(2017) 

Number of seed per pod 

(2018) 

nCu  4.08a 4.25a 

nZnO  3.92a 4.17a 

bCu 3.25b 2.88b 

bZnO 3.25b 3.06b 

Concentrations   

Control 3.00b 3.00b 

300 mg/kg 3.92a 3.67a 

600 mg/kg 4.42a 4.25a 

1000 mg/kg 3.17b 3.00b 

Interaction 0.000*  0.000*   
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Table 71: Interactive effect between metal salts and various concentrations on  

  number of seed per pod during 2017 and 2018 cropping season. 

 

Metal salt Number of seed per pod 

(2017) 

Number of seed per pod 

(2018) 

Control 3.00±0.00d 3.00±0.00d 

nCu 300 mg/kg 6.00±0.00a 6.00±0.00a 

nCu 600 mg/kg 5.00±0.00b 5.00±0.00b 

nCu 1000 mg/kg 3.93±0.58c 3.70±0.00c 

nZnO 300 mg/kg 3.67±1.15c 3.67±0.58c 

nZnO 600 mg/kg 5.00±0.00b 5.00±1.00b 

nZnO 1000mg/kg 4.00±0.00c 5.00±0.00b 

bCu 300 mg/kg 3.00±0.00d 2.00 ±0.00e 

bCu 600 mg/kg 3.67±0.58c 3.20±1.00c 

bCu 1000 mg/kg 3.00±0.00d 3.00 ±0.00d 

bZnO 300 mg/kg 3.00±0.00d 3.00 ±0.00d 

bZnO 600 mg/kg 3.67±0.58c 3.00 ±0.00d 

bZnO 1000mg/kg 3.33±0.58d 3.00 ±0.00d 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 72: Effects of Nanoparticles and bulk particles (Cu and ZnO) on number of 

  seed per plant during 2017 and 2018 cropping season. 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

  

Metal salts Number of seed per plant 

(2017) 

Number of seed per plant 

(2018) 

nCu  9.08a 8.75a 

nZnO  7.00b 6.92b 

bCu 7.13b 6.50b 

bZnO 5.25c 4.69c 

Concentrations   

Control 6.08b 6.00b 

300 mg/kg 7.92a 7.42a 

600 mg/kg 7.42a 6.58a 

1000 mg/kg 6.42b 6.25b 

Interaction 0.000*  0.000*   
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Table 73: Interactive effect between metal salts and various concentrations on  

  number of seed per plant bean during 2017 and 2018 cropping season. 

 

Metal salt Number of seed per plant 

(2017) 

Number of seed per plant 

(2018) 

Control 6.33±0.58c 6.00±0.00c  

nCu 300 mg/kg 12.33±2.52a 11.33±2.5a 

nCu 600 mg/kg 9.00±1.00b 8.67±0.58b 

nCu 1000 mg/kg 8.67±2.31b 9.00±1.73b 

nZnO 300 mg/kg 9.33±0.58b 9.00±0.00b 

nZnO 600 mg/kg 9.00±1.73b 8.00±1.00b 

nZnO 1000mg/kg 6.67±0.58c 6.67±0.58c 

bCu 300 mg/kg 6.00±0.00cd 8.00 ±0.00b 

bCu 600 mg/kg 6.67±0.58c 5.67 ±0.58c 

bCu 1000 mg/kg 6.00±1.00cd 5.00 ±0.00de 

bZnO 300 mg/kg 4.00±0.00de 3.67±0.58de 

bZnO 600 mg/kg 5.00±0.00de 4.00 ±0.00de 

bZnO 1000mg/kg 4.33±0.58de 4.33±0.58de 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 74: Effects of Nanoparticles and bulk particles (Cu and ZnO) on pod length 

  of beans during 2017 and 2018 cropping season. 

 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

Metal salts Pod length (2017) Pod length (2018) 

nCu  3.59a 3.85a 

nZnO  2.63b 3.11b 

bCu 3.32b 3.05b 

bZnO 3.09b 3.03b 

Concentrations   

Control 6.08a 3.67b 

300 mg/kg 7.92a 3.02b 

600 mg/kg 7.42a 3.32b 

1000 mg/kg 6.42b 3.03b 

Interaction 0.000*  0.000*   
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Table 75: Interactive effect between metal salts and various concentrations on  

  number of seed per plant of bean during 2017 and 2018 cropping season 

 

Metal salt Pod length (2017) Pod length (2018) 

Control 3.00±0.00b 3.2±0.27b 

nCu 300 mg/kg 4.55±0.48a 4.80±0.00a 

nCu 600 mg/kg 3.39±0.79b 3.94±0.63a 

nCu 1000 mg/kg 3.42±0.46b 3.37±0.45b 

nZnO 300 mg/kg 3.74±0.15a 3.70±0.00a 

nZnO 600 mg/kg 2.58±0.11c 2.90±0.53c 

nZnO 1000mg/kg 2.17±0.09c 2.85 ±0.00c 

bCu 300 mg/kg 3.23±0.06b 3.23 ±0.00b 

bCu 600 mg/kg 3.50±0.00b 3.43 ±0.06b 

bCu 1000 mg/kg 3.55±0.00b 3.51 ±0.09b 

bZnO 300 mg/kg 2.97±0.06c 2.93±0.12c 

bZnO 600 mg/kg 3.30±0.10b 3.00 ±0.10b 

bZnO 1000mg/kg 2.33±0.29c 2.40±0.26c 

Values are mean± S. D, n=96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.19  Fruit morphology in tomato fruit 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) ) on number of 

fruit per  plant, number of seed per fruit, number of seed per plant and fruit length of tomato 

for 2017  and  2018 cropping  seasons are presented in Tables 76-84. 

Table 76 shows the effects of Cu and ZnO of bulk and nanoparticles on number of fruits per 

tomato plants in 2017 and 2018 cropping season. All the treatments except bulk copper 

produced more fruits per tomato plants than the control. The copper nanoparticles treatment 

produced the highest number of fruits in both years. The interactive effects were significant 

in both years. 

The interactive effects among metal salts and various concentrations on number of fruits per 

tomato plants during 2017 and 2018 cropping season are shown in table 77. All treatments 

produced more fruits than the control in 2017 and 2018. The most significant result for 

number of fruits per tomato plant was recorded in nCu treatments in both years while the 

least significant number of fruits per tomato plant was observed in the control plants. 

Therefore the nCu increased the number of fruits per plant. 

Table 78 shows the effects Cu and ZnO of bulk and nanoparticles on number of seeds per 

tomato fruit in 2017 and 2018 cropping seasons. The nano zinc oxide treatment had more 

seeds per fruit of tomato. In addition, all treatments other than bulk zinc oxide produced more 

seeds than the control in both years. There were significant interactive effects among the 

metal salt and concentration on number of seed per fruit of tomato for the two cropping 

seasons (Table 78). In addition the most significant concentration was recorded in the 

nanoparticles (nCu and nZnO) treatments. 
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In table 79, the nano copper and nano zinc oxide produced more seeds per fruit than the 

control. The 300 mg/kg nano copper produced more than the control as well. 

In table 80, all treatments except the bulk zinc oxide treatment produced more seeds per plant 

than the control in 2017 and 2018 cropping seasons. The interactive effects of the treatments 

were significant at p≤0.05.  

In table 81, copper and zinc oxide nanoparticles together with all the concentrations of copper 

and zinc oxide treatments produced more number of seeds per tomato plants in 2017 and in 

2018; copper nanoparticles treatments produced the highest number of seeds. The most 

significant concentration was from copper and zinc oxide nanoparticles. Furthermore, the 

control plants had results that were very close to that of bulk treated plants (Table 81). 

Table 82 shows the effects of Cu and ZnO of bulk and nanoparticles on length of tomato fruit 

in both years. All treatments except bulk zinc oxide produced longer tomato fruits during 

2017 and 2018 cropping seasons with copper nanoparticles producing the longest (2.89 cm 

and 2.95 cm) during 2017 and 2018 respectively. 

Table 83 shows that all treatments produced longer tomato length than the control in both 

years. 
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Table 76: Effects of Nanoparticles and bulk particles (Cu and ZnO) on number of 

  fruit per plant tomato during 2017 and 2018 cropping season. 

 

 

n= 96, values with the same superscript across treatments are not significant at P≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

Metal salts Number of fruit per  plant 

(2017) 

 Number of fruit per  plant 

(2018) 

nCu  2.33a 2.17a 

nZnO  2.08a 2.08a 

bCu 1.63b 1.63b 

bZnO 2.00b 1.88b 

Concentrations   

Control 1.75b 1.67b 

300 mg/kg 2.08a 2.00a 

600 mg/kg 2.25a 2.08a 

1000 mg/kg 2.08a 2.08a 

Interaction 0.000*  0.000*   



147 
 

Table 77: Interactive effect between metal salts and various concentrations on  

  number of fruit per plant of tomato during 2017 and 2018 cropping  

  season. 

 

Metal salt Number of fruit per  plant 

(2017) 

Number of fruit per plant  

(2018) 

Control 1.76±0.58d 1.0±0.00d 

nCu 300 mg/kg 2.67±0.58b 3.0±0.00a 

nCu 600 mg/kg 3.00±0.00a 2.33±0.58b 

nCu 1000 mg/kg 2.33±1.15b 2.33±0.58b 

nZnO 300 mg/kg 2.67±0.58b 2.67±0.58b 

nZnO 600 mg/kg 2.00±0.00c 2.00±0.00c 

nZnO 1000mg/kg 2.00±0.00c 2.00±0.00c 

bCu 300 mg/kg 2.00±0.00c 1.00 ±0.00e 

bCu 600 mg/kg 2.00±0.00c 2.00 ±0.00c 

bCu 1000 mg/kg 2.00±0.00c 2.00 ±0.00c 

bZnO 300 mg/kg 2.00±0.00c 1.33±0.58d 

bZnO 600 mg/kg 2.00±0.00c 2.00 ±0.00c 

bZnO 1000mg/kg 2.08±0.52c 2.00 ±0.00c 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 78: Effects of Nanoparticles and bulk particles (Cu and ZnO) on number of 

  seed per fruit of tomato during 2017 and 2018 cropping season. 

 

 

n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

Metal salts Number of seed per fruit of 

tomato (2017) 

Number of seed per fruit of 

tomato  (2018) 

nCu  8.93a 9.17a 

nZnO  10.00a 10.08a 

bCu 8.38b 8.13b 

bZnO 7.38C 7.25c 

Concentrations   

Control 7.83b 8.08b 

300 mg/kg 9.00a 8.17b 

600 mg/kg 9.25a 9.67a 

1000 mg/kg 8.25b 8.42b 

Interaction 0.000*  0.001*   
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Table 79: Interactive effect between metal salts and various concentrations on  

  number of seed per fruit of tomato for 2017 and 2018 cropping season. 

 

Metal salt Number of seed per fruit of 

tomato (2017) 

Number of seed per fruit of 

tomato (2017) 

Control 7.67±0.58c 8.33±0.58c 

nCu 300 mg/kg 11.33±1.15a 9.00 ±6.08b 

nCu 600 mg/kg 9.00±0.00b 11.33±2.08a 

nCu 1000 mg/kg 7.67±0.58c 8.00±1.00c 

nZnO 300 mg/kg 10.00±0.00a 9.67±1.15b 

nZnO 600 mg/kg 11.33±1.15a 11.67±1.53a 

nZnO 1000mg/kg 11.33±1.15a 11.33±0.58a 

bCu 300 mg/kg 7.33±0.58c 7.00 ±0.00c 

bCu 600 mg/kg 9.00±0.00b 8.67 ±0.58c 

bCu 1000 mg/kg 7.00±0.00c 6.67 ±0.58d 

bZnO 300 mg/kg 7.33±0.58c 7.00±0.00c 

bZnO 600 mg/kg 7.67±0.58c 7.00±0.00c 

bZnO 1000mg/kg 7.00±0.00c 7.67±0.58c 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 80: Effects of Nanoparticles and bulk particles (Cu and ZnO) on number of 

  seed per plant of tomato during 2017 and 2018 cropping season. 

 

 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

Metal salts Number of seed per plant of 

tomato (2017) 

Number of seed per plant of 

tomato  (2018) 

nCu  11.75a 11.42a 

nZnO  11.75a 11.17a 

bCu 10.63b 10.13b 

bZnO 9.94b 7.25c 

Concentrations   

Control 10.00c 9.75b 

300 mg/kg 11.67a 11.25a 

600 mg/kg 11.42a 11.50a 

1000 mg/kg 10.50b 10.08b 

Interaction 0.000*  0.000*   
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Table 81: Interactive effect between metal salts and various concentrations on  

  number of seed per plant of tomato during 2017 and 2018 cropping  

  seasons. 

 

Metal salt Number of seed per plant of 

tomato (2017) 

Number of seed per plant of 

tomato (2017) 

Control 10.00±0.00b 9.67±0.58c 

nCu 300 mg/kg 14.00±1.73a 14.67±1.15a 

nCu 600 mg/kg 12.00±0.00a 12.33±1.15a 

nCu 1000 mg/kg 10.00±0.00b 9.00±0.00c 

nZnO 300 mg/kg 13.00±0.00a 12.00±0.00a 

nZnO 600 mg/kg 12.00±0.00a 11.33±0.58b 

nZnO 1000mg/kg 12.00±0.00a 11.33±0.58b 

bCu 300 mg/kg 10.00±0.00b 9.33 ±0.57c 

bCu 600 mg/kg 11.00±0.00b 11.00 ±0.00b 

bCu 1000 mg/kg 10.00±0.00b 10.00 ±0.00b 

bZnO 300 mg/kg 9.67±0.58c 9.00±0.00c 

bZnO 600 mg/kg 10.67±0.58b 11.33±0.58b 

bZnO 1000mg/kg 10.00±0.00b 10.00±0.00b 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 82: Effects of Nanoparticles and bulk particles (Cu and ZnO) on fruit length 

  of tomato during 2017 and 2018 cropping season. 

 

 

 n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

Metal salts Fruit length of tomato (2017) Fruit length of tomato (2018) 

nCu  2.89a 2.95a 

nZnO  2.63a 2.51a 

bCu 2.82a 2.58a 

bZnO 2.36b 2.18b 

Concentrations   

Control 2.52b 2.34c 

300 mg/kg 2.91a 2.65a 

600 mg/kg 2.58b 2.57b 

1000 mg/kg 2.54b 2.52b 

Interaction 0.000*  0.000*   
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Table 83: Interactive effect between metal salts and various concentrations on fruit 

  length of tomato during 2017 and 2018 cropping season. 

 

Metal salt Fruit length of tomato 

(2017) 

Fruit length of tomato   

(2018) 

Control 2.00±0.00c 2.00±0.00c 

nCu 300 mg/kg 3.00±0.00a 3.17±0.34a 

nCu 600 mg/kg 3.02±0.19a 3.12±0.09a 

nCu 1000 mg/kg 3.04±0.06a 3.00±0.00a 

nZnO 300 mg/kg 3.74±0.15a 2.80±0.10b 

nZnO 600 mg/kg 2.58±0.11b 2.63±0.06b 

nZnO 1000mg/kg 2.17±0.00c 2.63±0.06b 

bCu 300 mg/kg 2.50±0.00b 2.50 ±0.00b 

bCu 600 mg/kg 2.6±0.00b 2.50 ±0.17b 

bCu 1000 mg/kg 2.70±0.00b 2.40 ±0.00c 

bZnO 300 mg/kg 2.40±0.35c 2.13±0.12c 

bZnO 600 mg/kg 2.10±0.17c 2.03±0.06c 

bZnO 1000mg/kg 2.23±0.06c 2.07±0.06c 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.20  Fresh and dry weights of beans 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) on fresh and dry 

weights of bean and tomato for 2017 and 2018 cropping seasons are presented in Tables 84-

91. 

In table 84, the nanoparticles (Cu and ZnO) treated beans produced higher fresh and dry 

weights than the beans in control. Concentrations of 300 and 600 mg/kg also had higher fresh 

and dry weights than the control in both cropping years. Both copper and zinc oxide 

nanoparticles including bulk copper and zinc oxide increase the fresh and dry weights of 

beans in 2018. 

There was a significant interactive effect among the metal salt and concentration on fresh and 

dry weights of bean in 2017 and 2018 cropping season. The most Significant (p≤ 0.05) 

concentrations were 300 mg/kg. 

In table 85, all treatments except zinc oxide nanoparticles 600 and 1000 mg/kg and bulk zinc 

oxide 1000 mg/kg treatments produced higher fresh and dry weights in 2017. In 2018, copper 

300 mg/kg produced less weight. It is worthy to note that the bulk zinc oxide (1000 mg/kg) 

particles treated plants were statistically the same with that of the control. 

In table 86, only copper nanoparticles and bulk copper 300 mg/kg and 1000 mg/kg treatments 

produced higher fresh and dry weights in 2017 cropping season. However, in 2018, all 

treatments had more fresh and dry weights than the control. 

Table 87 shows the interactive effects among the metal salts and various concentrations on 

fresh and dry weights of beans during 2018 cropping seasons. All treatments produced fresh 

weight that was greater than the control in 2018. Furthermore, copper and zinc oxide 

nanoparticles and bulk copper treatments produced more dry weights of beans in 2018. It 
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should be noted however, that the control plants produced dry weights which are statistically 

the same with bulk zinc oxide treated plants. 

Table 88 shows the effects of Cu and ZnO nanoparticles and bulk particles on fresh and dry 

weights of tomato during 2017 cropping season. Copper and zinc oxide nanoparticles and 

concentrations of 300 mg/kg produced higher fresh weights in 2017. In addition, copper and 

zinc oxide nanoparticles and concentrations of 300 and 600 mg/kg produced higher dry 

weights than the control treatment. The effects on dry weight matter in 2017 were significant 

at p≤ 0.05. 

Table 89 shows the interactive effects among the metal salts and various concentrations on 

fresh and dry weights of tomato during 2017 cropping season. All treatments had higher fresh 

weights than the control while all others except copper nanoparticles 1000 mg/kg and bulk 

copper 600 and 1000 mg/kg had higher dry weights than the control in 2017. 

In table 90, copper and zinc oxide nanoparticles 300 and 600 mg/kg treatments produced 

higher fresh weights than the control. All treatments other than bulk copper and zinc oxide 

produced more dry weights than the control. Therefore, copper and zinc oxide nanoparticles 

enhanced fresh and dry weights of tomato. 

In table 91, all treatments produced greater fresh and dry weights of tomato in 2018. 
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Table 84: Effects of Nanoparticles and bulk particles (Cu and ZnO) on fresh and 

  dry weights (g) of beans during 2017 cropping season. 

 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 Weights (g)  

Metal salts  Fresh weight  (2017) Dry weight (2017) 

nCu  1.86a 0.89a 

nZnO  1.55a 0.78a 

bCu 1.40b 1.05a 

bZnO 1.33b 0.99a 

Concentrations   

Control 1.45b 0.79c 

300 mg/kg 1.88a 1.11a 

600 mg/kg 1.57a 0.98b 

1000 mg/kg 1.24c 0.79b 

Interaction 0.000*  0.000*   
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Table 85: Interactive effect between metal salts and various concentrations on fresh 

  and dry weights (g) of beans during 2017 cropping season. 

 

 Weights (g)  

Metal salt Fresh weight  (2017)  Dry weight   (2017) 

Control 1.03 ±0.13c 0.85±0.60b 

nCu 300 mg/kg 1.53±0.25bc 0.51±0.17c 

nCu 600 mg/kg 2.43±0.15a 1.33±0.16a 

nCu 1000 mg/kg 1.78±0.06b 0.85±0.06b 

nZnO 300 mg/kg 2.72±0.23a 1.38±0.15a 

nZnO 600 mg/kg 0.80±0.97d 0.40±0.48d 

nZnO 1000mg/kg 0.96±0.36cd 0.48±0.18d 

bCu 300 mg/kg 1.50±0.00bc 1.23 ±0.21a 

bCu 600 mg/kg 1.50±0.00bc 1.10 ±0.17b 

bCu 1000 mg/kg 1.43±0.06c 1.27±0.06a 

bZnO 300 mg/kg 1.77±0.58b 1.30±0.10a 

bZnO 600 mg/kg 1.53±0.47bc 1.10±0.10b 

bZnO 1000mg/kg 0.80±0.10d 0.57 ±0.12c 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 86: Effects of Nanoparticles and bulk particles (Cu and ZnO) on fresh and 

  dry weights (g) of beans during 2018 cropping season. 

 

 

n=96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu = 

copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk zinc 

oxide, * = significant 

 

 

 

 

 

 

 Weights (g)  

Metal salts Fresh weight  (2018) Dry weight (2018) 

nCu  1.72a 1.45a 

nZnO  1.31b 0.90b 

bCu 1.46a 1.08c 

bZnO 1.33b 0.91b 

Concentrations   

Control 1.38b 0.82b 

300 mg/kg 1.67a 1.12a 

600 mg/kg 1.31b 1.21a 

1000 mg/kg 1.41b 1.13a 

Interaction 0.000*  0.000*   
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Table 87: Interactive effect between metal salts and various concentrations on fresh 

  and dry weights (g) of beans during 2018 cropping season 

 

 Weights (g)  

Metal salt Fresh weight  (2018)  Dry weight   (2018) 

Control 0.78 ±0.13f 0.85±0.60f 

nCu 300 mg/kg 1.56±0.11bcd 1.20±0.35c 

nCu 600 mg/kg 1.71±0.25bc 2.07±0.12a 

nCu 1000 mg/kg 1.90±0.00b 1.67±0.12b 

nZnO 300 mg/kg 2.50±0.00a 1.23±0.06cde 

nZnO 600 mg/kg 0.78±0.97f 0.73±0.40d 

nZnO 1000mg/kg 1.02±0.51def 0.80±0.17d 

bCu 300 mg/kg 1.50±0.00bcd 1.23 ±0.06cde 

bCu 600 mg/kg 1.53±0.00bcd 1.23 ±0.06cde 

bCu 1000 mg/kg 1.53±0.06bcd 1.23 ±0.06cde 

bZnO 300 mg/kg 1.13±0.15cde 0.80±0.00f 

bZnO 600 mg/kg 1.20±0.00cde 0.80±0.00f 

bZnO 1000mg/kg 1.20±0.00cde 0.80±0.00f 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 88: Effects of Nanoparticles and bulk particles (Cu and ZnO) on fresh and 

  dry weights (g) of tomato during 2017 cropping season. 

 

 

 n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 Weights (g)  

Metal salts Fresh weight  (2017) Dry weight (2017) 

nCu  1.50a 0.79b 

nZnO  1.72a 1.04a 

bCu 1.19b 0.67b 

bZnO 1.13b 0.69b 

Concentrations   

Control 1.39a 0.81a 

300 mg/kg 1.45a 0.89a 

600 mg/kg 1.36a 0.84a 

1000 mg/kg 1.31a 0.65b 

Interaction 0.000*  0.000*   
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Table 89: Interactive effect between metal salts and various concentrations on fresh 

  and dry weights (g) of tomato for 2017 cropping season. 

 

 Weights (g)  

Metal salt Fresh weight  (2017)  Fresh weight   (2017) 

Control 1.00 ±0.00c 0.60±0.10b 

nCu 300 mg/kg 1.67±0.15a 1.10±0.26a 

nCu 600 mg/kg 1.48±0.19a 0.90±0.16b 

nCu 1000 mg/kg 1.29±0.42b 0.27±0.06c 

nZnO 300 mg/kg 1.80±0.00a 0.97±0.06b 

nZnO 600 mg/kg 1.90±0.97a 1.23±0.06a 

nZnO 1000mg/kg 1.63±0.06a 1.07±0.06a 

bCu 300 mg/kg 1.03±0.06c 0.60 ±0.00b 

bCu 600 mg/kg 1.00±0.00c 0.43 ±0.06c 

bCu 1000 mg/kg 1.13±0.12b 0.50±0.10b 

bZnO 300 mg/kg 1.30±0.26b 0.90±0.00b 

bZnO 600 mg/kg 1.07±0.12c 0.80±0.10b 

bZnO 1000mg/kg 1.17±0.06b 0.77 ±0.06b 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 90: Effects of Nanoparticles and bulk particles (Cu and ZnO) on fresh and 

  dry weights (g) of tomato during 2018 cropping season. 

 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

 Weights (g)  

Metal salts  Fresh weight  (2018) Dry weight (2018) 

nCu  1.67a 1.10a 

nZnO  1.69a 0.89b 

bCu 1.20b 0.67c 

bZnO 1.09b 0.77c 

Concentrations   

Control 1.39a 0.80b 

300 mg/kg 1.45a 0.86b 

600 mg/kg 1.46a 0.85b 

1000 mg/kg 1.30b 0.96a 

Interaction 0.000*  0.000*   
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Table 91: Interactive effect between metal salts and various concentrations on fresh 

  and dry weights (g) of tomato during 2018 cropping season. 

 

 Weights (g)  

Metal salt Fresh weight  (2018)  Dry weight   (2018) 

Control 1.00 ±0.00b 0.53±0.13c 

nCu 300 mg/kg 1.93±0.06a 1.13±0.06b 

nCu 600 mg/kg 1.90±0.00a 1.20±0.00b 

nCu 1000 mg/kg 1.27±0.06b 1.20±0.06b 

nZnO 300 mg/kg 1.87±0.06a 0.96±0.08b 

nZnO 600 mg/kg 1.67±0.60a 0.67±0.23b 

nZnO 1000mg/kg 1.13±0.06b 1.07±0.06b 

bCu 300 mg/kg 1.00±0.00c 0.53 ±0.06c 

bCu 600 mg/kg 1.13±0.06b 0.53 ±0.06c 

bCu 1000 mg/kg 1.13±0.12b 0.57±0.06c 

bZnO 300 mg/kg 1.00±0.00c 0.80±0.10b 

bZnO 600 mg/kg 1.13±0.06b 1.00±0.00b 

bZnO 1000mg/kg 1.13±0.06b 1.00 ±0.00b 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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 4.21  Non enzymatic antioxidant of bean during 2017 and 2018 cropping season 

 Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) ) on non 

enzymatic antioxidant of  bean during 2017  and  2018 cropping  seasons are presented in 

Tables 92-107. 

Table 92 shows the effects of Cu and ZnO nanoparticles and bulk particles on ascorbic acid 

content (mg/100 g fw) of bean during 2017 and 2018 cropping seasons. All treatments other 

than bulk copper produced more ascorbic acid than the control in 2017. In 2018, all 

treatments except bulk copper and zinc oxide produced more ascorbic acid than the control. 

The effects of the treatments were significant at p ≤ 0.05. 

Table 93 shows that copper nanoparticles and zinc oxide nanoparticles 600 mg/kg had more 

ascorbic acid than the control in 2017. In the same vein, nano copper 300, 600 and 1000 

mg/kg and 600 mg/kg nano zinc oxide produced more ascorbic acid than the control in 2018. 

Table 94 shows that all treatments produced higher total carotenoids in beans in both 

cropping years. 

In table 95 all treatments produced significantly higher total carotenoids than the control. 

Nanoparticles increased total carotenoids significantly at p ≤ 0.05. 

Table 96 shows that copper and zinc oxide nanoparticles of 300 mg/kg concentration 

produced significantly greater lycopene than the control in 2017 while in 2018 copper 

nanoparticles of 300 mg/kg treatments produced more lycopene in beans. 

In table 97, copper and zinc oxide nanoparticles of 300, 600 and 1000 mg/kg treatments 

produced more lycopene than other treatments and the control plants. 
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Table 98 shows the effects of Cu and ZnO nanoparticles and bulk particles on beta-carotene 

content (mg/100 g fw) of beans during 2017 and 2018 cropping seasons. Copper and zinc 

oxide nanoparticles of 300 and 600 mg/kg produced higher quantity of lycopene in both 

years. Nanoparticles enhanced the lycopene content of beans.  

In table 99, beta carotene was better enhanced by copper and zinc oxide nanoparticles of 300 

and 600 mg/kg respectively. The least significant beta carotene was produced from the 

control plants and the bulk treated plants during the two cropping seasons. 

Table 100 shows the effects of Cu and ZnO nanoparticles and bulk particles on the ascorbic 

acid content (mg 100 g fw) of tomato. All treatments produced tomato with higher ascorbic 

acid content than tomato in 2017 and 2018 cropping seasons. The interactive effects were 

also significant at p ≤ 0.05. 

Table 101 shows that all treatments enhanced the ascorbic acid content of tomato in both 

cropping years. This was particularly so especially with the nanoparticles treated tomato 

plants. 

In table 102, all except bulk copper and zinc oxide produced higher quantity of ascorbic acid 

than the control plants in 2017 cropping season while all treatments produced ascorbic acids 

that were higher than the control in 2018 cropping seasons. There were significant interactive 

effects among the metal salts and concentration on the ascorbic acid content of tomato in both 

cropping years. 

Table 103 shows the interactive effects among metal salts amd various concentrations on 

total carotenoids content of tomato during 2017 and 2018 cropping seasons. All except bulk 

zinc oxide 600 and 1000 mg/kg and bulk copper 600 mg/kg produced total carotenoid that are 
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higher than the control in 2017 cropping season. All treatment produced higher total 

carotenoids than the control in 2018. 

Table 104, shows that zinc oxide nanoparticles produced higher content of lycopene in both 

years and this was closely followed by copper nanoparticles. Concentration of 600 mg/kg was 

the most significant treatment producing the highest lycopene content in both years. 

Table 105 shows the interactive effect among metal salts and various concentrations on 

lycopene content of tomato during 2017 and 2018 cropping seasons. All treatments produced 

higher lycopene content in tomato fruits in 2017 and 2018. 

In table 106, all treatments produced more beta-carotene than the control in both cropping 

years. There were significant interactive effects among metal salts and various concentrations 

on the beta-carotene content of tomato fruit. 

Table 107 shows that all treatments produced higher quantity of beta-carotene than the 

control plants. It is worthy to note that nanoparticles treated tomato plants enhanced the 

production of beta-carotene in tomato      
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Table 92: Effects of Nanoparticles and bulk particles (Cu and ZnO) on ascorbic  

  acid (mg/100 g fw) content of bean during 2017 and 2018 cropping season. 

 

 

 n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

   

Metal salts Ascorbic acid content 

(mg/100 g fw) (2017) 

Ascorbic acid content (mg/100 g fw) 

(2018) 

nCu  2.32a 2.45a 

nZnO  2.56a 2.62a 

bCu 2.01b 2.00b 

bZnO 2.11b 1.98b 

Concentrations   

Control 2.08b 2.11b 

300 mg/kg 2.29a 2.34a 

600 mg/kg 2.31a 2.33a 

1000 mg/kg 2.35a 2.28a 

Interaction 0.000*  0.000*   
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Table 93: Interactive effect between metal salts and various concentrations on  

  ascorbic acid content of bean for 2017 and 2018 cropping season. 

 

 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 

 

 

 

 

 

Metal salt Ascorbic acid content 

(mg/100 g fw) (2017)  

Ascorbic acid content (mg/100 g fw) 

(2018) 

Control 1.10 ±0.00b 1.10±0.00b 

nCu 300 mg/kg 1.24±0.08a 1.26±0.02a 

nCu 600 mg/kg 1.19±0.07a 1.23±0.06a 

nCu 1000 mg/kg 1.20±0.08a 1.08±0.01b 

nZnO 300 mg/kg 1.14±0.015b 1.16±0.14a 

nZnO 600 mg/kg 1.31±0.41a 1.31±0.39a 

nZnO 1000mg/kg 1.07±0.01b 1.06±0.01b 

bCu 300 mg/kg 1.06±0.53b 1.02 ±0.00b 

bCu 600 mg/kg 1.03±0.01b 1.02 ±0.00b 

bCu 1000 mg/kg 1.03±0.00b 1.02±0.00b 

bZnO 300 mg/kg 1.04±0.05b 1.01±0.01b 

bZnO 600 mg/kg 1.04±0.05b 1.02±0.01b 

bZnO 1000mg/kg 1.01±0.01b 1.01 ±0.00b 
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Table 94: Effects of Nanoparticles and bulk particles (Cu and ZnO) on total  

  carotenoid content of bean during 2017 and 2018 cropping season. 

 

 

 n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

Metal salts Total carotenoid   content (mg/100 g 

fw) (2017) 

Total carotenoid   content 

(mg/100 g fw)  (2018) 

nCu  2.53a 2.49a 

nZnO  2.69a 2.52a 

bCu 2.45b 2.29b 

bZnO 2.35b 2.30b 

Concentrations   

Control 2.43c 2.14c 

300 mg/kg 2.73a 2.79a 

600 mg/kg 2.69a 2.68a 

1000 mg/kg 2.58a 2.46b 

Interaction 0.002*  0.001*   
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Table 95: Interactive effect between metal salts and various concentrations on total 

  carotenoid content (mg/100 g fw) of bean during 2017 and 2018 cropping 

  season. 

 

Metal salt               Total carotenoid content 

(mg/100 g fw) 

 Total carotenoid content 

(mg/100 g fw) 

Control 1.97 ±0.12c 1.50±0.20c 

nCu 300 mg/kg 2.77±0.02a 2.90±0.01a 

nCu 600 mg/kg 2.71±0.01a 2.89±0.16a 

nCu 1000 mg/kg 2.66±0.01a 2.69±0.06a 

nZnO 300 mg/kg 2.70±0.01a 2.72±0.07a 

nZnO 600 mg/kg 2.61±0.01a 2.52±0.13a 

nZnO 1000mg/kg 2.52±0.02a 2.96±0.05a 

bCu 300 mg/kg 2.05±0.04b 2.04±0.12b  

bCu 600 mg/kg 2.09±0.04b 2.08±0.03b 

bCu 1000 mg/kg 2.02±0.03b 2.00±0.09b 

bZnO 300 mg/kg 2.07±0.01b 2.01±0.08b 

bZnO 600 mg/kg 2.12±0.16b 2.04±0.11b 

bZnO 1000mg/kg 2.01±0.02b 2.09±0.32b 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 96: Effects of Nanoparticles and bulk particles (Cu and ZnO) on lycopene 

  (mg/100 g fw) content of bean during 2017 and 2018 cropping season. 

 

 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

   

Metal salts Lycopene  (mg/100 g fw) 

(2017) 

   Lycopene (mg/100 g fw) (2018) 

nCu  1.46a 0.16b 

nZnO  0.39b 0.14b 

bCu 0.04c 0.04c 

bZnO 0.04c 0.03c 

Concentrations   

Control 0.02b 0.01b 

300 mg/kg 0.12a 0.14a 

600 mg/kg 0.04b 0.04b 

1000 mg/kg 0.04b 0.04b 

Interaction 0.000*  0.000*   
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Table 97: Interactive effect between metal salts and various concentrations on  

  lycopene content (mg/100 g fw) of bean during 2017 and 2018 cropping 

  season. 

  

Metal salt  lycopene 

content (mg/100 

g fw) (2017) 

 lycopene content (mg/100 g fw) (2018) 

Control 0.05 ±0.01c 0.05±0.01c 

nCu 300 mg/kg 2.73±0.02a 2.74±0.15a 

nCu 600 mg/kg 2.71±0.01a 2.08±0.01b 

nCu 1000 mg/kg 2.66±0.01a 2.06±0.01b 

nZnO 300 mg/kg 2.70±0.01a 2.15±0.01b 

nZnO 600 mg/kg 2.61±0.01a 2.13±0.01b 

nZnO 1000mg/kg 2.52±0.02a 2.15±0.00b 

bCu 300 mg/kg 2.05±0.04b 2.03±0.00b 

bCu 600 mg/kg 2.05±0.04b 2.03±0.01b 

bCu 1000 mg/kg 2.02±0.03b 2.03±0.00b 

bZnO 300 mg/kg 2.09±0.01b 2.03±0.00b 

bZnO 600 mg/kg 2.02±0.16b 2.03±0.01b 

bZnO 1000mg/kg 2.01±0.02b 2.02±0.00b 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 98: Effects of Nanoparticles and bulk particles (Cu and ZnO) on Beta-  

  carotene content (mg/100 g fw) of bean during 2017 and 2018 cropping 

  season. 

 

 

 

 

 

 

 

 

 

 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide, * = significant 

 

 

 

 

 

Metal salts Beta- carotene (mg/100 g fw) 

(2017) 

Beta- carotene  

(2018) (mg/100 g 

fw) 

nCu  1.13a 1.17a 

nZnO  1.14a 1.16a 

bCu 1.07b 1.05b 

bZnO 1.03b 1.02b 

Concentrations   

Control 1.09b 1.08b 

300 mg/kg 1.09b 1.13a 

600 mg/kg 1.14a  1.15a 

1000 mg/kg 1.05b 1.04b 

Interaction 0.001*  0.000*   
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Table 99: Interactive effect between metal salts and various concentrations on Beta- 

  carotene content (mg/100 g fw) of bean for 2017 and 2018 cropping  

  season. 

  

Metal salt Beta- carotene content 

(mg/100 g fw) (2017) 

Beta- carotene content (mg/100 g fw) 

(2018) 

Control 1.10 ±0.00b 1.10±0.00b 

nCu 300 mg/kg 1.16±0.08a 1.26±0.02a 

nCu 600 mg/kg 1.19±0.08a 1.23±0.06a 

nCu 1000 mg/kg 1.17±0.01a 1.18±0.001a 

nZnO 300 mg/kg 1.09±0.01b 1.16±0.14a 

nZnO 600 mg/kg 1.31±0.41a 1.31±0.39a 

nZnO 1000mg/kg 1.07±0.01b 1.06±0.01b 

bCu 300 mg/kg 1.06±0.05b 1.02 ±0.00b 

bCu 600 mg/kg 1.03±0.01b 1.02 ±0.00b 

bCu 1000 mg/kg 1.03±0.01b 1.01 ±0.01b 

bZnO 300 mg/kg 1.04±0.05b 1.01 ±0.01b 

bZnO 600 mg/kg 1.02±0.00b 1.02 ± 0.01b 

bZnO 1000mg/kg 1.01±0.01b 1.01 ±0.00b 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 100: Effects of Nanoparticles and bulk particles (Cu and ZnO) on content of 

  ascorbic acid (mg/100 g fw) of tomato during 2017 and 2018 cropping  

  season. 

 

 

 n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

Metal salts Ascorbic acid (2017) (mg/100 g fw) Ascorbic acid (mg/100 g fw) 

(2018) 

nCu  7.17a 7.06a 

nZnO  7.13a 7.09a 

bCu 4.16b 4.21b 

bZnO 4.27b 4.32b 

Concentrations   

Control 4.12b 4.16b  

300 mg/kg 6.25a 6.31a 

600 mg/kg 6.20a 6.07a 

1000 mg/kg 6.18a 6.18a 

Interaction 0.000*  0.000*   
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Table 101: Interactive effect between metal salts and various concentrations on  

  ascorbic acid content (mg/100 g fw) of tomato during 2017 and 2018  

  cropping season. 

 

Metal salt Ascorbic acid (2017) (mg/100 

g fw) 

Ascorbic acid  

(mg/100 g fw) (2018) 

Control 4.00 ±0.00d 4.10±0.00d 

nCu 300 mg/kg 9.10±0.00a 9.00±0.06a 

nCu 600 mg/kg 8.03±0.15b 7.64±0.61c 

nCu 1000 mg/kg 7.53±0.06c 7.47±0.23c 

nZnO 300 mg/kg 7.61±0.14c 7.61±0.13c 

nZnO 600 mg/kg 8.17±0.15b 8.13±0.12b 

nZnO 1000mg/kg 8.60±0.10b 8.47±0.06b 

bCu 300 mg/kg 4.25±0.00d 4.25 ±0.01d 

bCu 600 mg/kg 4.10±0.02d 4.20 ±0.01d 

bCu 1000 mg/kg 4.09±0.01d 4.43±0.15d 

bZ nO 300 mg/kg 4.06±0.01d 4.37±0.32d 

bZnO 600 mg/kg 4.51±0.44d 4.26±0.38d 

bZnO 1000mg/kg 4.51±0.44d 4.35 ±0.35d 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 102: Effects of Nanoparticles and bulk particles (Cu and ZnO) on total  

  carotenoid (mg/100 g fw) content of tomato during 2017 and 2018  

  cropping season. 

 

 

 n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

Metal salts Total carotenoid (mg/100 g fw)    

(2017) 

Total carotenoid (2018)  

(mg/100 g fw)     

nCu  6.63a 6.54a 

nZnO  6.76a 6.45a 

bCu 3.69b 3.68b 

bZnO 3.71b 3.62b 

Concentrations   

Control 5.00a 3.47b 

300 mg/kg 5.74a 5.75a 

600 mg/kg 5.85a 5.80a 

1000 mg/kg 5.86a 5.70a 

Interaction 0.000*  0.000*   
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Table 103: Interactive effect between metal salts and various concentrations on total 

  carotenoid (mg/100 g fw)    content of tomato during 2017 and 2018  

  cropping season. 

 

Metal salt Total carotenoid (2017) 

(mg/100 g fw)     

Total carotenoid (2018) 

(mg/100 g fw)     

Control 3.60 ±0.18c 3.33±0.11c 

nCu 300 mg/kg 7.53±0.12b 7.56±0.10b 

nCu 600 mg/kg 7.72±0.24b 7.61±0.18b 

nCu 1000 mg/kg 7.70±0.17b 7.66±0.15b 

nZnO 300 mg/kg 8.00±0.00a 7.77±0.26b 

nZnO 600 mg/kg 8.60±0.66a 8.30±0.26a 

nZnO 1000mg/kg 6.83±2.89b 6.67±2.83b 

bCu 300 mg/kg 3.74±0.06c 3.86±0.22c 

bCu 600 mg/kg 3.59±0.09c 3.61 ±0.08c 

bCu 1000 mg/kg 3.82±0.27c 3.50 ±0.00c 

bZnO 300 mg/kg 3.68±0.26c 3.86±0.19c 

bZnO 600 mg/kg 3.49±0.04c 3.67±0.00c 

bZnO 1000mg/kg 3.50±0.00c 3.50±0.00c 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 104: Effects of Nanoparticles and bulk particles (Cu and ZnO) on lycopene 

  content of tomato during 2017 and 2018 cropping season. 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 
  

Metal salts  Lycopene (mg/100 g fw)    

(2017) 

Lycopene (mg/100 g fw)    

(2018) 

nCu  5.46b 4.96b 

nZnO  6.76a 7.02a 

bCu 2.21c 2.49c 

bZnO 3.31c 2.34c 

Concentrations   

Control 3.28c 3.27c 

300 mg/kg 4.38b 4.48ab 

600 mg/kg 4.55b 4.72a 

1000 mg/kg 4.95a 4.28b 

Interaction 0.000*  0.000*   
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Table 105: Interactive effect between metal salts and various concentrations on  

  lycopene content of tomato during 2017 and 2018 cropping season. 

 

Metal salt Lycopene (mg/100 g fw)    

(2017)  

Lycopene (mg/100 g fw)    

(2018) 

Control 2.00 ±0.00f 2.00±0.00f 

nCu 300 mg/kg 5.83±0.06c 5.83±0.00c 

nCu 600 mg/kg 5.87±0.15c 5.86±0.15c 

nCu 1000 mg/kg 5.76±0.15c 5.77±0.15c 

nZnO 300 mg/kg 6.73±0.06b 6.73±0.06b 

nZnO 600 mg/kg 7.87±1.67a 7.87±1.67b 

nZnO 1000mg/kg 9.67±0.58a  9.67±0.06a 

bCu 300 mg/kg 2.73±0.24d 2.39±0.01e 

bCu 600 mg/kg 2.60±0.35d 2.27 ±0.03e 

bCu 1000 mg/kg 2.23±0.27e 2.21 ±0.01e 

bZnO 300 mg/kg 2.40±0.00d 2.34±0.01e 

bZnO 600 mg/kg 2.23±0.01e 2.21±0.01e 

bZnO 1000mg/kg 2.30±0.00e 2.17±0.01e 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 106: Effects of Nanoparticles and bulk particles (Cu and ZnO) on Beta- 

  carotene (mg/100 g fw) content of tomato during 2017 and 2018 cropping 

  season. 

 

 

n=96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu = 

copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk zinc 

oxide, * = significant 

 

 

 

 

 

 

   

Metal salts  Beta-carotene (mg/100 g fw)     

(2017) 

Beta-carotene  (mg/100 g fw)    

(2018) 

nCu  6.04a 5.98a 

nZnO  6.15a 6.03a 

bCu 2.31b 2.30b 

bZnO 2.49b 2.38b 

Concentrations   

Control 2.08c 2.06c 

300 mg/kg 4.75b 4.61b 

600 mg/kg 5.18a 5.09a 

1000 mg/kg 5.05a 4.95a 

Interaction 0.000*  0.000*   
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Table 107: Interactive effect between metal salts and various concentrations on Beta-

  carotene content of tomato during 2017 and 2018 cropping season. 

 

Metal salt Beta-carotene (mg/100 g fw)     

(2017)  

Beta-carotene (mg/100 g fw)    

(2018) 

Control 2.07 ±0.12e 2.07±0.12e 

nCu 300 mg/kg 7.50±0.17a 7.37±0.06a 

nCu 600 mg/kg 8.13±0.23a 8.20±0.06a 

nCu 1000 mg/kg 6.47±0.06b 6.30±026b 

nZnO 300 mg/kg 6.80±0.10b 6.37±0.06b 

nZnO 600 mg/kg 7.70±0.10a 7.43±0.06a 

nZnO 1000mg/kg 8.00±0.00a 8.20±0.10a 

bCu 300 mg/kg 2.32±0.02d 2.37±0.06d 

bCu 600 mg/kg 2.67±0.12d 2.60 ±0.10d 

bCu 1000 mg/kg 3.07±0.06c 2.97 ±0.15c 

bZnO 300 mg/kg 2.37±0.11d 2.33±0.06d 

bZnO 600 mg/kg 2.21±0.08d 2.13±0.06d 

bZnO 1000mg/kg 2.67±0.15d 2.37±0.12d 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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4.22  Enzymatic antioxidants in Bean and Tomato during 2017 and 2018 cropping 

 seasons 

Descriptive statistics of the effects of bulk and nanoparticles (Cu and ZnO) ) on  enzymatic 

antioxidant of  bean and tomato for 2017  and  2018 cropping  seasons are presented in 

Tables 108-119 

Table 108 shows the effects of Cu and ZnO bulk and nanoparticles on enzyme activities of 

ascorbate peroxidase (APX) (µml/mg) in bean and tomato during 2017 and 2018 cropping 

seasons. In 2017, only copper bulk and copper nanoparticles produced more APX than the 

control. It was copper nanoparticles and bulk copper treatments that produced more APX. 

There were significant (p≤ 0.05) interactive effects among the metal salts and various 

concentrations on the productions on the production of ascorbate peroxidase during the two 

cropping seasons. 

Table 109 shows that all treatments produced less APX than the control during the two 

cropping seasons. There was a significant (p≤ 0.05) interactive effects in the metal salts and 

concentrations of the nanoparticles used on the antioxidant enzyme activities on the APX for 

the two growing seasons. The most significant salts (p≤ 0.05) were with copper nanoparticles 

and the control plants while the least significant (p≤ 0.05) data were from the bulk treated 

plants. 

Table 110 shows APX of tomato during 2017 and 2018 cropping seasons. All treatments 

produced lesser APX than the control. Copper nanoparticles enhanced the production of more 

APX. The same trend was also observed in table 111. 

Table 112 shows the effects of Cu and ZnO bulk and nanoparticles on enzyme activities of 

catalase (CAT) (µml/mg). All treatments produced more CAT than the control in beans. 
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Concentrations increased significantly the antioxidant enzyme activities of catalase (CAT) in 

bean during 2017 and 2018 cropping seasons. 

Table 113 shows that all treatments significantly (p≤ 0.05) increased the antioxidant enzyme 

activities of CAT in beans. Enhanced production of more CAT than the control in 2017 and 

2018 was observed. 

Table 114 shows that there were significant interactive effects among the metal salts and 

concentration on the production of CAT in tomato during 2017 and 2018 cropping seasons 

from the control.  

Table 115 shows that all treatments significantly (p≤ 0.05) increased the antioxidants enzyme 

activities of CAT in tomato. 

Table 116 shows that all treatments produced less superoxide dismutase (SOD) than the 

control. This shows that the treatment reduced the activities of SOD significantly (p≤ 0.05). 

The interactive effects among the metal salts and various concentrations on antioxidants 

enzymes activities of SOD in beans during 2017 and 2018 cropping years is presented in 

table 117. Only copper nanoparticles 300 mg/kg statistically had same SOD activities with 

the control in 2017 cropping season. However, the control activities were numerically greater 

than other treatments. In 2018, zinc oxide nanoparticles 300 and 1000 mg/kg increased the 

SOD activities numerically.  

In table 118, the nanoparticles and bulk particles produced more SOD activities than various 

concentrations; all treatments had higher SOD activities than the control. Simmilar trend was 

however observed in table 119. 
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Table 120 shows the effects of Cu and ZnO  nanoparticles and bulk particles on stress 

attributes or activities of malondialdehyde (MDA) in beans during 2017 and 2018 cropping 

seasons. All the nanoparticles and bulk particles treated beans had significantly higher (p≤ 

0.05) MDA in bean during 2017 and 2018 cropping seasons. 

In table 121, all treatments the treated bean had significantly (p≤ 0.05) higher activities than 

the control in 2017 and 2018 cropping seasons. There were significant (p≤ 0.05) interactive 

effects among the nanoparticles and bulk copper and zinc oxide in bean plants. 

In table 122, all treatments produced more MDA than the control in both years and there was 

an increased enzyme activity with increased concentrations. 

In table 123, nanoparticles treated bean produced higher content of hydrogen peroxide than 

the bulk treated plants. In addition, zinc oxide treated plants produced a higher content of 

hydrogen peroxide than the copper treated plants. 

An increased activity with increased concentrations was also observed during the period of 

experimentation. All treatments had significantly (p≤ 0.05) higher hydrogen peroxide 

activities in beans than the control in both cropping years. The interactive effects were also 

highly significant. 

Table 124 shows that hydrogen peroxide activities was significantly (p≤ 0.05) higher in all 

treatments in 2017 and 2018 cropping seasons. Copper and zinc oxide nanoparticles and bulk 

particles seem to increase the activities of hydrogen peroxide in beans. Furthermore, 

increased activities were enhanced with increased concentrations. 

Table 125 shows the effects of Cu and ZnO nanoparticles and bulk particles on stress 

attributes hydrogen peroxide in tomato during 2017 and 2018 cropping seasons. 
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Nanoparticles treated plants produced higher contents of hydrogen peroxide in tomato plants 

than bulk treated tomato plants. All treatments increased hydrogen peroxide activities in 

tomato and there were also significant interactive effects amond the metal salts and various 

concentrations on the stress activities of hydrogen peroxide in tomato plants. 

In table 126, all treatments were higher than the control with respect to hydrogen peroxide 

activities in both cropping years. 

Table 127 shows that all treatments reduced the induction of stress enzymes of proline in 

beans than the control plants. In addition, treatments concentration dependent increase was 

also observed; which means that concentrations reduced proline activities in bean plant 

during 2017 and 2018 cropping years. Significant interactive effects were also observed 

throughout the period of the experimentation. Similar trends were observed in table 128. 

In table 129, copper and zinc oxide nanoparticles treated tomato plants produced more 

proline than what was produced in the control plants. 

In table 130, various concentrations reduced the activities of proline than the control. 

Significant interactive effects were observed as well in tomato planted in 2017 and 2018 

cropping years. 

Table 131 shows that all treatments statistically produced same starch with the control but 

these were numerically different in both cropping years. 

Table 132 shows that all treatments reduced the starch contents in beans. This means that all 

the treatments do not enhance the production of starch in beans in both years. 
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Table 133 shows that nanoparticles treated plants produced same starch as the control in both 

years. All the concentrations produced lesser starch content with respect to the control in both 

years. 

Table 134 shows the interactive effect among metal salts and various concentrations on starch 

content of tomato during 2017 and 2018 cropping seasons. Copper nanoparticles treated 

plants produced starch which is statistically the same with the control plants in both cropping 

seasons. 

Table 135 shows that copper nanoparticles treated beans produced protein that is equal to the 

control statistically but the control numerically contained /has more protein content. All 

concentrations reduced protein content in beans. 

Table 136 shows that various concentrations decrease the content of protein in beans in 2017 

and 2018 cropping years. Concentrations produced reduced protein contents statistically in 

bean. The same trends were also observed in tables 137 and 138. 

Tables 140-143 shows the effects of Cu and ZnO nanoparticles and bulk particles on copper 

and zinc   uptake in bean plant during 2017 and 2018 cropping seasons. Accumulation of 

either the copper or zinc salts was highest in the root of both bean and tomato plants. 
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Table 108: Effects of Nanoparticles and bulk particles (Cu and ZnO) on antioxidant 

  enzyme activities of ascorbate peroxidise (APX) (µml/mg) of bean during 

  2017 and 2018 cropping seasons. 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 
 

Metal salts  APX  (µml/mg) (2017) APX (µml/mg) (2018) 

nCu  27.32a 26.16a 

nZnO  21.43b 20.51b 

bCu 29.98a 25.76a 

bZnO 11.07c 11.06c 

Concentrations   

Control 23.33a 17.02b 

300 mg/kg 18.86a 18.93a 

600 mg/kg 19.28a 18.07a 

1000 mg/kg 18.00a 17.85b 

Interaction 0.000*  0.000*   
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Table 109: Interactive effect between metal salts and various concentrations  

  antioxidant enzyme activities of ascorbate peroxidise (APX) (µml/mg) of 

  bean 2017 and 2018 cropping seasons 

 

Metal salt APX (µml/mg) (2017)  APX (µml/mg) (2018) 

Control 39.00 ±1.00a 39.00±1.00a 

nCu 300 mg/kg 29.83±0.76bc 29.77±0.64bc 

nCu 600 mg/kg 24.67±2.89cd 20.64±0.35de 

nCu 1000 mg/kg 15.79±1.06efgh 15.23±0.20efgh 

nZnO 300 mg/kg 36.33±1.52b 26.67±1.53cd 

nZnO 600 mg/kg 24.67±0.58cd 25.00±1.00cd 

nZnO 1000mg/kg 17.33±2.08ef 23.00±2.65cd 

bCu 300 mg/kg 20.17±1.18ef 20.40±16.97ef 

bCu 600 mg/kg 11.12±0.73gh 11.30 ±0.52gh 

bCu 1000 mg/kg 10.33±2.08gh 11.15 ±0.26gh 

bZnO 300 mg/kg 9.10±1.59gh 8.90±1.39ij 

bZnO 600 mg/kg 16.67±1.53fg 15.33±0.58fg 

bZnO 1000mg/kg 11.33±1.15gh 12.00±0.00gh 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 110: Effects of Nanoparticles and bulk particles (Cu and ZnO) on antioxidant 

  enzyme activities of ascorbate peroxidise (APX) (µml/mg) of tomato  

  during 2017 and 2018 cropping seasons. 

 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

Metal salts  APX (µml/mg)  (2017) APX (µml/mg) (2018) 

nCu  38.39a 37.64a 

nZnO  32.33a 28.23b 

bCu 37.25a 26.63b 

bZnO 26.19b 26.63b 

Concentrations   

Control 64.67a 63.58a 

300 mg/kg 32.69b 29.12b 

600 mg/kg 19.14c 20.04c 

1000 mg/kg 13.98d 15.62c 

Interaction 0.000*  0.000*   
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Table 111: Interactive effect between metal salts and various concentrations  

  antioxidant enzyme activities of ascorbate peroxidise (APX) (µml/mg) of 

  tomato during 2017 and 2018 cropping seasons. 

 

Metal salt APX (µml/mg) (2017)  APX (µml/mg) (2018) 

Control 64.67 ±8.96a 63.67±10.97a 

nCu 300 mg/kg 36.08±4.63b 39.67±3.06b 

nCu 600 mg/kg 27.88±11.93cd 24.83±12.34cd 

nCu 1000 mg/kg 17.95±1.71ef 22.38±4.72cd 

nZnO 300 mg/kg 38.00±2.00b 27.49±7.33cd 

nZnO 600 mg/kg 24.00±1.70cd 17.67±3.2ef 

nZnO 1000mg/kg 9.67±0.58gh 14.08±0.93ef 

bCu 300 mg/kg 25.00±5.00cd 28.67±1.15cd 

bCu 600 mg/kg 14.00±0.73ef 23.33±3.51cd 

bCu 1000 mg/kg 10.00±0.00gh 16.00 ±2.65ef 

bZnO 300 mg/kg 31.67±1.53b 30.67 ±3.79b 

bZnO 600 mg/kg 17.67±2.52ef 14.3±2.81ef 

bZnO 1000mg/kg 11.33±3.21gh 10.00±2.00gh 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 112: Effects of Nanoparticles and bulk particles (Cu and ZnO) on antioxidant 

  enzyme activities of catalase (CAT) (µml/mg) in bean during 2017 and 

  2018 cropping seasons. 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

  

 

Metal salts  CAT  (µml/mg) (2017) CAT (µml/mg) (2018) 

nCu  47.63a 46.67a 

nZnO  45.26a 44.38a 

bCu 27.24c 27.88c 

bZnO 38.87b 39.56b 

Concentrations    

Control 25.30d 26.58d 

300 mg/kg 39.45c 28.62c 

600 mg/kg 46.54b 45.58b 

1000 mg/kg 52.91a 51.61a 

Interaction 0.000*  0.000*   
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Table 113: Interactive effect between metal salts and various concentrations on  

  antioxidant enzyme activities of catalase (CAT) (µml/mg) in bean during 

  2017 and 2018 cropping seasons. 

 

Metal salt CAT (µml/mg) (2017)  CAT (µml/mg) (2018) 

Control 25.30 ±0.30gh 27.00±1.73gh 

nCu 300 mg/kg 46.10±0.26d 42.68±2.40d 

nCu 600 mg/kg 51.80±0.89c 50.89±1.17c 

nCu 1000 mg/kg 67.30±2.01a 66.11±2.01a 

nZnO 300 mg/kg 45.37±0.38d 43.13 ±1.51d 

nZnO 600 mg/kg 49.37±0.55d 50.13±0.12c 

nZnO 1000mg/kg 61.00±1.00b 59.00±2.65b 

bCu 300 mg/kg 27.33±3.06gh 27.00±1.73gh 

bCu 600 mg/kg 30.00±0.00ef 28.00±1.00ef 

bCu 1000 mg/kg 35.00±1.73ef 31.67 ±0.58ef 

bZnO 300 mg/kg 39.00±1.73d 40.67 ±3.21d 

bZnO 600 mg/kg 55.00±0.00c 52.33±0.58c 

bZnO 1000mg/kg 48.33±2.08d 49.67±2.31d 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 114: Effects of Nanoparticles and bulk particles (Cu and ZnO) on antioxidant 

  enzyme activities of catalase (CAT) (µml/mg) in tomato during 2017 and 

  2018 cropping seasons. 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

   

Metal salts  CAT (µml/mg)  (2017) CAT (µml/mg)  (2018) 

nCu  23.06a 20.95a 

nZnO  21.45a 24.22a 

bCu 13.24c 13.13c 

bZnO 23.72a 21.81a 

Concentrations    

Control 11.45c 10.31c 

300 mg/kg 16.99b 16.76b 

600 mg/kg 18.48b 19.64b 

1000 mg/kg 38.03a 36.29a 

Interaction 0.000*  0.000*   
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Table 115: Interactive effect between metal salts and various concentrations on  

  antioxidant enzyme activities of catalase (CAT) (µml/mg) in tomato  

  during 2017 and 2018 cropping seasons. 

 

Metal salt CAT (µml/mg) (2017)  CAT (µml/mg) (2018) 

Control 11.48 ±1.35fg 10.34±0.06fg 

nCu 300 mg/kg 15.83±1.27fg 15.33±0.11fg 

nCu 600 mg/kg 19.42±0.12de 17.89±1.15de 

nCu 1000 mg/kg 45.51±0.53a 40.22±0.04ab 

nZnO 300 mg/kg 20.83±1.99de 22.70±3.06de 

nZnO 600 mg/kg 18.33±1.53de 19.33±0.58de 

nZnO 1000mg/kg 35.25±16.10bc 44.63±3.84a 

bCu 300 mg/kg 13.97±1.70fg 13.00±1.00fg 

bCu 600 mg/kg 14.51±1.42fg 18.33±1.53de 

bCu 1000 mg/kg 41.37±4.23ab 30.33 ±8.08cd 

bZnO 300 mg/kg 17.33±0.53de 16.00 ±0.00fg 

bZnO 600 mg/kg 21.67±1.53de 23.00±2.65de 

bZnO 1000mg/kg 30.00±0.00cd 30.00±0.00cd 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 116: Effects of Nanoparticles and bulk particles (Cu and ZnO) on antioxidant 

  enzyme activities of superoxide dismutase (SOD) (µml/mg) in bean during 

  2017 and 2018 cropping seasons. 

 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

Metal salts  SOD (µml/mg)  (2017) SOD (µml/mg)  (2018) 

nCu  1660.50a 1524.67b 

nZnO  1491.59b 1979.19a 

bCu 1178.05c 1178.63c 

bZnO 782.95d 786.43d 

Concentrations    

Control 2033.12a 2013.03a 

300 mg/kg 1193.92b 1277.08b 

600 mg/kg 927.94c 1036.39c 

1000 mg/kg 826.40d 1011.67c 

Interaction 0.000*  0.000*   
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Table 117: Interactive effect between metal salts and various concentrations on  

  antioxidant enzyme activities of superoxide dismutase (SOD) (µml/mg) in 

  bean during 2017 and 2018 cropping seasons. 

 

Metal salt SOD (µml/mg) (2017)  SOD (µml/mg) (2018) 

Control 2033.12 ±41.05a 2006.33±30.99a 

nCu 300 mg/kg 1916.23±74.99a 1545.67±39.58c 

nCu 600 mg/kg 1350.00±259.81bc 1380.00±10.00bc 

nCu 1000 mg/kg 1342.67±39.51bc 1166.67±57.74d 

nZnO 300 mg/kg 1444. 46 ±441.00bc  2197.67±64.79a 

nZnO 600 mg/kg 1374.85±335.69bc 1673.10±84.00bc 

nZnO1000mg/kg 1113.94±285.01c 2039.66±33.87a 

bCu 300 mg/kg 748.33±28.90d 706.67±11.55d 

bCu 600 mg/kg 539.48±0.89de 645.00±5.00de 

bCu 1000 mg/kg 454.33±14.19de 436.67 ±5.77de 

bZnO 300 mg/kg 666.67±104.08de 658.33 ±90.04de 

bZnO 600 mg/kg 447.44±2.88de 447.48±7.00de 

bZnO 1000mg/kg 394.67±6.81ef 403.67±2.50ef 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 118: Effects of Nanoparticles and bulk particles (Cu and ZnO) on antioxidant 

  enzyme activities of superoxide dismutase (SOD) (µml/mg) in tomato  

  during 2017 and 2018 cropping seasons. 

 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

Metal salts  SOD (µml/mg) (2017) SOD (µml/mg) (2018) 

nCu  469.47a 491.11a 

nZnO  494.64a 463.86a 

bCu 364.75b 370.38b 

bZnO 223.07c 221.63c 

Concentrations    

Control 656.68a 653.33a 

300 mg/kg 391.12b 385.36b 

600 mg/kg 245.98c 248.92c 

1000 mg/kg 210.94d 209.77d 

Interaction 0.000*  0.000*   
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Table 119: Interactive effect between metal salts and various concentrations on  

  antioxidant enzyme activities of superoxide dismutase (SOD) (µml/mg) in 

  tomato during 2017 and 2018 cropping seasons. 

 

Metal salt SOD (µml/mg) (2017)  SOD (µml/mg) (2018) 

Control  660.68 ±10.00a 653.33±5.77a 

nCu 300 mg/kg 613.80±34.30b 600.10±13.83b 

nCu 600 mg/kg 321.74±29.42e 323.67±13.83e 

nCu 1000 mg/kg 282.33±2.51f 278.33±10.26f 

nZnO 300 mg/kg 560.00±10.00b  553.33±5.77b 

nZnO 600 mg/kg 409.47±0.50c 409.67±0.58c 

nZnO1000mg/kg 349.09±56.58d 348.09±55.23d 

bCu 300 mg/kg 239.33±9.24e 245.33 ±3.21e 

bCu 600 mg/kg 120.00±0.00fg 133.67 ±9.50fg 

bCu 1000 mg/kg 100.00±0.00hi 102.00 ±3.00hi 

bZnO 300 mg/kg 151.33±2.31fg 142.67 ±0.58fg 

bZnO 600 mg/kg 132.71±5.56fg  128.67±3.51fg 

bZnO1000mg/kg 112.33±1.53hi 110.67±4.73hi 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 120: Effects of Nanoparticles and bulk particles (Cu and ZnO) on stress  

  attribute or activities of malondialdehyde (MDA (µml/mg) in bean during 

  2017 and 2018 cropping seasons. 

 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

Metal salts  MDA (µml/mg) (2017) MDA (µml/mg) (2018) 

nCu  20.80a 21.19a 

nZnO  18.40b 19.43b 

bCu 13.09d 12.89d 

bZnO 16.18c 15.11c 

Concentrations    

Control 12.27c 12.27c 

300 mg/kg 18.02b 18.02b 

600 mg/kg 21.23a 21.23a 

1000 mg/kg 17.85b 17.85b 

Interaction 0.003*  0.001*   
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Table 121: Interactive effect between metal salts and various concentrations on stress 

  attributes or activities of Malondialdehyde (MDA) (µml/mg) in beans  

  during 2017 and 2018 cropping seasons. 

 

Metal salt MDA(µml/mg)  (2017)  MDA (µml/mg) (2018) 

Control 12.17 ±0.15gh 12.17±0.15gh 

nCu 300 mg/kg 20.00±2.00bc 23.00±1.00bc 

nCu 600 mg/kg 34.33±4.04a 32.673.06a 

nCu 1000 mg/kg 16.70±0.65de 16.92±0.15de 

nZnO 300 mg/kg 15.49±4.04de 18.31±4.17de 

nZnO 600 mg/kg 23.00±2.65bc 24.37±1.58bc 

nZnO1000mg/kg 26.02±1.75b 25.96±1.73b 

bCu 300 mg/kg 13.23±1.02ef 13.03 ±0.96ef 

bCu 600 mg/kg 14.17±0.2ef 13.55 ±0.37ef 

bCu 1000 mg/kg 12.17±0.15gh 12.17 ±0.15gh 

bZnO 300 mg/kg 17.83±1.89de 17.73 ±0.23de 

bZnO 600 mg/kg 17.00±1.00de 14.33±1.53ef 

bZnO1000mg/kg 19. 00 ± 1.00de 16.33±1.15de 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 122: Effects of Nanoparticles and bulk particles (Cu and ZnO) on enzyme  

  activities or attributes of malondialdehyde (MDA) (µml/mg) in tomato 

  during 2017 and 2018 cropping seasons.  

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

   

Metal salts  MDA (µml/mg) (2017) MDA  (µml/mg)  (2018) 

nCu  21.51a 22.62a 

nZnO  22.02a 22.55a 

bCu 11.83c 11.09c 

bZnO 14.57b 13.62b 

Concentrations    

Control 8.97d 9.11d 

300 mg/kg 13.54c 12.81c 

600 mg/kg 20.82b 20.62b 

1000 mg/kg 27.51a 28.19a 

Interaction 0.001*  0.001*   
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Table 123: Interactive effect between metal salts and various concentrations stress 

  attributes or activities of Malondialdehyde (MDA) (µml/mg) in tomato 

  during 2017 and 2018 cropping seasons. 

 

Metal salt MDA (µml/mg)  (2017)  MDA (µml/mg) (2018) 

Control 8.73 ±0.43d 9.20±0.17d 

nCu 300 mg/kg 15.33±0.58c 15.61±0.77c 

nCu 600 mg/kg 27.93±1.49b 28.80±0.52b 

nCu 1000 mg/kg 34.03±4.71a 36.80±1.85a 

nZnO 300 mg/kg 16.67±2.08c 15.00±1.00c 

nZnO 600 mg/kg 25.67±1.15b 26.67±3.20b 

nZnO1000mg/kg 37.00±0.00a 39.33±4.04a 

bCu 300 mg/kg 12.00±0.00c 10.99 ±0.89d 

bCu 600 mg/kg 15.67±0.58c 14.67 ±0.58c 

bCu 1000 mg/kg 20.00±0.00b 18.00 ±1.0c 

bZnO 300 mg/kg 10.15±0.09d 9.63 ±0.27d 

bZnO 600 mg/kg 14.00±0.00c 12.33±0.58c 

bZnO1000mg/kg 19.00±0.00c 18.57±0.31c 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 124: Effects of Nanoparticles and bulk particles (Cu and ZnO) on stress  

  attribute or activities of hydrogen peroxide (H2O2) (µml/mg) in bean  

  during 2017 and 2018 cropping seasons. 

< 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

Metal salts  H2O2 (µml/mg) (2017) H2O2 (µml/mg) (2018) 

nCu  25.64b 26.18b 

nZnO  41.16a 28.14b 

bCu 19.82c 20.14c 

bZnO 28.12b 28.13b 

Concentrations    

Control 16.15d 14.76d 

300 mg/kg 30.44c 30.29c 

600 mg/kg 34.25b 34.08b 

1000 mg/kg 36.66a 37.76a 

Interaction 0.004*  0.002*   
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Table 125: Interactive effect between metal salts and various concentrations on stress 

  attribute or activities of hydrogen peroxide (H2O2) in bean during 2017 

  and 2018 cropping seasons. 

 

Metal salt H2O2 (µml/mg) (2017)  H2O2 (µml/mg) (2018) 

Control 16.15 ±2.66fg 16.15±2.66fg 

nCu 300 mg/kg 24.92±1.07de 25.75±0.47c 

nCu 600 mg/kg 29.00±0.99d 28.59±1.18c 

nCu 1000 mg/kg 32.50±0.72b 34.22±0.29b 

nZnO 300 mg/kg 49.42±0.39a 46.55±3.64a 

nZnO 600 mg/kg 48.53±0.13a 48.29±0.87a 

nZnO1000mg/kg 50.54±0.72a 53.62±4.45a 

bCu 300 mg/kg 20.53±0.77de 21.31 ±1.47de 

bCu 600 mg/kg 23.98±0.53de 48.29 ±0.87a 

bCu 1000 mg/kg 25.28±0.39c 25.76 ±1.45c 

bZnO 300 mg/kg 26.90±0.82c 27.55 ±1.17c 

bZnO 600 mg/kg 35.50±0.87b 35.27±0.60b 

bZnO1000mg/kg 38.33±0.58b 37.42±0.99b 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 126: Effects of Nanoparticles and bulk particles (Cu and ZnO) on stress  

  attribute or activities of hydrogen peroxide (H2O2) (µml/mg) in tomato 

  during 2017 and 2018 cropping season. 

 

 

 n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

Metal salts  H2O2 (µml/mg) (2017) H2O2 (µml/mg)  (2018) 

nCu  21.87a 24.86a 

nZnO  20.05a 24.06a 

bCu 14.81b 14.76b 

bZnO 19.08b 19.87b 

Concentrations    

Control 10.69d 12.73c 

300 mg/kg 18.23c 24.28a 

600 mg/kg 22.10b 25.52a 

1000 mg/kg 26.21a 22.71b 

Interaction 0.000*  0.000*   
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Table 127: Interactive effect between metal salts and various concentrations on stress 

  attributes or activities of hydrogen peroxide (H2O2) (µml/mg) in tomato 

  during 2017 and 2018 cropping seasons. 

 

Metal salt H2O2 (µml/mg) (2017)  H2O2 (µml/mg) (2018) 

Control 10.69 ±0.48h 10.60±0.00h 

nCu 300 mg/kg 18.38±0.15f 22.37±0.05bc 

nCu 600 mg/kg 26.89±1.30b 28.45±2.89a 

nCu 1000 mg/kg 31.53±2.32a 15.33±0.34fg 

nZnO 300 mg/kg 19.36±0.57ef 33.30±5.10a 

nZnO 600 mg/kg 21.15±3.56bc 25.51±0.63b 

nZnO1000mg/kg 29.00±1.47a 30.02±0.38a 

bCu 300 mg/kg 15.57±0.37fg 15.86 ±0.94fg 

bCu 600 mg/kg 23.98±0.53bc 19.97 ±1.08de 

bCu 1000 mg/kg 19.73±0.49de 23.69 ±0.98bc 

bZnO 300 mg/kg 19.62±0.54de 19.52 ±0.47de 

bZnO 600 mg/kg 20.64±1.23de 23.29±1.64bc 

bZnO1000mg/kg 22.23±1.57bc 21.80±0.57bc 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 128: Effects of Nanoparticles and bulk particles (Cu and ZnO) on stress  

  attributes or activities of proline (µml/mg) in bean during 2017 and 2019 

  cropping seasons. 

 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

Metal salts  Proline (µml/mg)  (2017) Proline (µml/mg)  (2018) 

nCu  0.55a 0.55a 

nZnO  0.52a 0.55a 

bCu 0.46b  0.42b 

bZnO 0.35c 0.36c 

Concentrations    

Control 0.66a 0.66a 

300 mg/kg 0.42b 0.41b 

600 mg/kg 0.39b 0.40b 

1000 mg/kg 0.38b 0.39b 

Interaction 0.000*  0.000*   
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Table 129: Interactive effect between metal salts and various concentrations on  

  antioxidant enzyme activities of proline (µml/mg) in bean during 2017 

  and 2018 cropping seasons. 

 

 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 

 

 

 

 

Metal salt Proline  (µml/mg) (2017)  Proline (µml/mg) (2018) 

Control 0.66 ±0.01a 0.66±0.01a 

nCu 300 mg/kg 0.54±0.04b 0.54±0.03b 

nCu 600 mg/kg 0.50±0.01b 0.53±0.02b 

nCu 1000 mg/kg 0.49±0.01bc 0.48±0.02bc 

nZnO 300 mg/kg 0.48±0.01bc 0.46±0.03bc 

nZnO 600 mg/kg 0.49±0.01bc 0.50±0.00bc 

nZnO1000mg/kg 0.45±0.01bc 0.57±0.01b 

bCu 300 mg/kg 0.33±0.06de 0.30±0.00de 

bCu 600 mg/kg 0.30±0.10de 0.23±0.01f 

bCu 1000 mg/kg 0.37±0.06de 0.30±0.00de 

bZnO 300 mg/kg 0.33±0.01de 0.33±0.02de 

bZnO 600 mg/kg 0.27±0.06f 0.35±0.01de 

bZnO1000mg/kg 0.20±0.00g 0.20±0.00g 
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Table 130: Effects of Nanoparticles and bulk particles (Cu and ZnO) on stress  

  attributes or activities of proline in tomato during 2017 and 2018  

  cropping season 

 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

Metal salts  Proline (µml/mg) (2017) Proline (µml/mg) (2018) 

nCu  2.06a 2.06a 

nZnO  2.06a 2.06a 

bCu 1.07b 1.06b 

bZnO 1.05c 1.06b 

Concentrations    

Control 1.59a 1.59a 

300 mg/kg 1.56b 1.56b 

600 mg/kg 1.56b 1.55b 

1000 mg/kg 1.54b 1.54b 

Interaction 0.000*  0.000*   
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Table 131: Interactive effect between metal salts and various concentrations on stress 

  attributes or activities of proline (µml/mg) in tomato during 2017 and  

  2018 cropping season 

 

Metal salt Proline (µml/mg)  (2017)  Proline (µml/mg)  (2018) 

Control 2.09 ±0.09a 2.09±0.01a 

nCu 300 mg/kg 2.04±0.003ab 2.06±0.05ab 

nCu 600 mg/kg 2.06±0.01ab 2.07±0.02ab 

nCu 1000 mg/kg 2.04±0.00ab 2.04±0.02ab 

nZnO 300 mg/kg 2.06±0.02ab 2.05±0.01ab 

nZnO 600 mg/kg 2.06±0.10ab 2.06±0.01ab 

nZnO1000mg/kg 2.05±0.00b 2.04±0.01b 

bCu 300 mg/kg 1.07±0.00cd 1.06±0.01cd 

bCu 600 mg/kg 1.06±0.01cd 1.04±0.04cd 

bCu 1000 mg/kg 1.04±0.00cd 1.04±0.01cd 

bZnO 300 mg/kg 1.05±0.00cd 1.06±0.01cd 

bZnO 600 mg/kg 1.05±0.06cd 1.05±0.01cd 

bZnO1000mg/kg 1.03±0.01cd 1.04±0.01cd 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 132: Effects of Nanoparticles and bulk particles (Cu and ZnO) on starch  

  (mg/100 g fw) content in bean during 2017 and 2018 cropping seasons. 

 

 

 n= 96, values with the same superscript across treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

Metal salts  Starch (mg/100 g fw)  

(2017) 

Starch (mg/100 g fw)  (2018) 

nCu  5.38a 5.45a 

nZnO  5.37a 5.23b 

bCu 5.37a  5.23b 

bZnO 5.29b 5.17b 

Concentrations    

Control 5.45a 5.41a 

300 mg/kg 5.23b 5.21b 

600 mg/kg 5.29b 5.17b 

1000 mg/kg 5.24b 5.16b 

Interaction 0.000*  0.000*   
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Table 133: Interactive effect between metal salts and various concentrations on  

  starch (mg/100 g fw) content in bean during 2017 and 2018 cropping  

  seasons. 

 

Metal salt Starch (mg/100 g fw)  (2017)  Starch (mg/100 g fw) 

(2018) 

Control 5.49 ±0.01a 5.49±0.01a 

nCu 300 mg/kg 5.29±0.01bc 5.25±0.22bc 

nCu 600 mg/kg 5.15±0.01cd 5.14±0.01cd 

nCu 1000 mg/kg 5.15±0.01cd 5.17±0.01bc 

nZnO 300 mg/kg 5.12±0.02cd 5.14±0.05cd 

nZnO 600 mg/kg 5.04±0.00ef 5.04±0.00ef 

nZnO1000mg/kg 5.01±0.00ef 5.0±0.00ef 

bCu 300 mg/kg 5.27±0.12bc 5.17±0.06bc 

bCu 600 mg/kg 5.37±0.06b 5.23±0.06bc 

bCu 1000 mg/kg 5.23±0.06bc 5.17±0.26bc 

bZnO 300 mg/kg 5.27±0.12bc 5.27±0.06bc 

bZnO 600 mg/kg 5.35±0.13bc 5.27±0.06bc 

bZnO1000mg/kg 5.27±0.14bc 5.30±0.11b 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p ≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 134: Effects of Nanoparticles and bulk particles (Cu and ZnO) on starch  

  (mg/100 g fw) content in tomato during 2017 and 2018 cropping season 

 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

Metal salts  Starch (mg/100 g fw) 

(2017) 

Starch (mg/100 g fw) (2018) 

nCu  3.59a 3.56a 

nZnO  3.52a 3.52a 

bCu 3.38b 3.43a 

bZnO 2.83c 2.80c 

Concentrations    

Control 3.52a 3.49a 

300 mg/kg 3.28b 3.25b 

600 mg/kg 3.22b 3.22b 

1000 mg/kg 3.28b 3.16b 

Interaction 0.000*  0.000*   
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Table 135: Interactive effect between metal salts and various concentrations on  

  starch (mg/100 g fw) content in tomato during 2017 and 2018 cropping 

  season 

 

Metal salt Starch (mg/100 g fw)   (2017)  Starch (mg/100 g fw)  (2018) 

Control 3.77 ±0.01a 3.77±0.01a 

nCu 300 mg/kg 3.55±0.01ab 3.46±0.01b 

nCu 600 mg/kg 3.53±0.01ab 3.49±0.04bc 

nCu 1000 mg/kg 3.51±0.01ab 3.53±0.06ab 

nZnO 300 mg/kg 3.45±0.01bc 3.45±0.01bc 

nZnO 600 mg/kg 3.42±0.01bc 3.48±0.18bc 

nZnO1000mg/kg 3.42±0.01bc 3.40±0.00bc 

bCu 300 mg/kg 3.26±0.45de 3.39±0.33bc 

bCu 600 mg/kg 3.17±0.15de 3.13±0.06de 

bCu 1000 mg/kg 3.03±0.12ef 2.90±0.13ef 

bZnO 300 mg/kg 2.86±0.06ef 2.69±0.02ef 

bZnO 600 mg/kg 2.75±0.17ef 2.78±0.11ef 

bZnO1000mg/kg 2.50±0.10ef 2.79±0.26ef 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 136: Effects of Nanoparticles and bulk particles (Cu and ZnO) on protein  

  (mg/100 g fw) content in bean during 2017 and 2018 cropping season  

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

   

Metal salts  Protein (mg/100 g fw) (2017) Protein (mg/100 g fw) (2018) 

nCu  11.13a 11.79a 

nZnO  11.04b 11.00b 

bCu 11.07b 11.02b 

bZnO 9.67b 9.69b 

Concentrations    

Control 12.87a 12.87a 

300 mg/kg 9.93b 10.09b 

600 mg/kg 9.88b 10.14b 

1000 mg/kg 9.77b 10.03b 

Interaction 0.020*  0.030*   
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Table 137: Interactive effect between metal salts and various concentrations on  

  protein (mg/100 g fw) content in bean during 2017 and 2018 cropping  

  seasons. 

 

Metal salt protein (mg/100 g fw) (2017)  Protein (mg/100 g fw)  (2018) 

Control 12.87 ±0.01a 12.87±0.01a 

nCu 300 mg/kg 10.65±0.00bc 11.25±0.06b 

nCu 600 mg/kg 10.53±0.01bc 11.45±0.16b 

nCu 1000 mg/kg 10.47±0.01bc 11.58±0.01b 

nZnO 300 mg/kg 10.47±0.01bc 10.49±0.02bc 

nZnO 600 mg/kg 10.43±0.01bc 10.46±0.01bc 

nZnO1000mg/kg 10.40±0.00bc 10.44±0.04bc 

bCu 300 mg/kg 10.00±0.00cd 9.89±0.09cd 

bCu 600 mg/kg 9.94±0.07cd 9.96±0.09cd 

bCu 1000 mg/kg 9.33±0.57de 9.20±0.39de 

bZnO 300 mg/kg 8.59±0.10de 8.71±0.20de 

bZnO 600 mg/kg 8.60±0.08de 8.68±0.19de 

bZnO1000mg/kg 8.88±0.13de 8.88±0.11de 

Values are mean± S. D, n= 96, values with the same superscript across treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 138: Effects of Nanoparticles and bulk particles (Cu and ZnO) on protein  

  (mg/100 g fw) content in tomato during 2017 and 2018 cropping seasons. 

 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

   

Metal salts  Protein (mg/100 g fw)  (2017) Protein (mg/100 g fw)  (2018) 

nCu  6.38a 6.11b 

nZnO  6.25a 6.13b 

bCu 6.05b 5.90b 

bZnO 4.72c 4.62c 

Concentrations    

Control 6.98a 7.00a 

300 mg/kg 5.39b 5.16b 

600 mg/kg 5.37b 5.11b 

1000 mg/kg 5.23b 5.07b 

Interaction 0.000*  0.000*   
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Table 139: Interactive effect between metal salts and various concentrations on  

  protein (mg/100 g fw) content in tomato during 2017 and 2018 cropping 

  season 

 

Metal salt Protein (mg/100 g fw)  (2017)  Protein (mg/100 g fw)  (2018) 

Control 7.81 ±0.01a 7.81 ±0.01a 

nCu 300 mg/kg 5.95±0.01b 5.59±0.12b 

nCu 600 mg/kg 5.89±0.01b 5.68±0.21b 

nCu 1000 mg/kg 5.88±0.01b 5.37±0.71b 

nZnO 300 mg/kg 5.86±0.03b 5.59±0.12b 

nZnO 600 mg/kg 5.77±0.01b 5.61±0.14b 

nZnO1000mg/kg 5.56±0.31b 5.52±0.25b 

bCu 300 mg/kg 5.00±0.00b 4.88±0.49c 

bCu 600 mg/kg 5.00±0.00b 4.57±0.01c 

bCu 1000 mg/kg 4.67±0.20c 4.68±0.05c 

bZnO 300 mg/kg 4.75 ±0.17c 4.57±0.01c 

bZnO 600 mg/kg 4.82±0.06c 4.59±0.05c 

bZnO1000mg/kg 4.79±0.17c 4.70±0.12c 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 140: Effects of Nanoparticles and bulk particles (Cu and ZnO) on copper and 

  zinc content (mg/kg) in bean during 2017 and 2018 cropping seasons. 

 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

 

Metal salts    Copper and zinc (mg/kg)  

content  (2017) 

  Copper and zinc (mg/kg)  content 

(2018) 

nCu  35.69c 108.13b 

nZnO  51.50c 154.50a 

bCu 16.82d 50.47c 

bZnO 24.77d 73.01c 

Concentrations    

Control 6.67e 20.00d 

300 mg/kg 22.49d 67.48c 

600 mg/kg 41.95c 125.85b 

1000 mg/kg 60.32c 180.29a 

Interaction 0.000*  0.000*   
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Table 141: Interactive effect between metal salts and various concentrations on  

  copper and zinc content (mg/kg) in bean during 2017 and 2018 cropping 

  seasons. 

Metal salt Copper and zinc content (mg/kg)  

(mg/kg) (2017)  

Copper and zinc content 

(mg/kg) (2018) 

Control 6.67 ±1.91gh 20.00 ±5.73gh 

nCu 300 mg/kg 28.75±2.50ef 86.25±7.50de 

nCu 600 mg/kg 40.00±6.49de 120.00±19.59c 

nCu 1000 mg/kg 67.33±8.74de 206.25±33.33b 

nZnO 300 mg/kg 27.08±15.73ef  81.25±47.19de 

nZnO 600 mg/kg 70.58±23.65de 211.75±70.98b 

nZnO1000mg/kg 101.67±30.68c 305.00±92.03a 

bCu 300 mg/kg 20.61±2.08ef 61.82±8.02de 

bCu 600 mg/kg 26.37±1.08ef 79.10±3.23de 

bCu 1000 mg/kg 30.90±0.57ef 92.70±1.72cd 

bZnO 300 mg/kg 13.53±2.80gh 40.60±8.41de 

bZnO 600 mg/kg 30.08±12.54ef 92.53±37.62cd 

bZnO1000mg/kg 41.36±0.06de 117.19±11.88c 

Values are mean± S. D, n= 96, values with the same superscript along treatments are not 

significant at p≤ 0.05, nCu = copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = 

bulk copper, bZnO = bulk zinc oxide 
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Table 142: Effects of Nanoparticles and bulk particles (Cu and ZnO) on copper and 

 zinc content (mg/kg) in tomato during 2017 and 2018 cropping season 

 

 n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide, * = significant 

 

 

 

 

 

 

   

Metal salts    Copper and zinc content 

(2017)  

  Copper and zinc content (2018) 

nCu  25.08d 75.35c 

nZnO  59.63c 184.92a 

bCu 20.27d 51.17c 

bZnO 27.05d 104.47b 

Concentrations    

Control 9.58c 29.06b 

300 mg/kg 39.03b 158.24a 

600 mg/kg 37.77b 108.52a 

1000 mg/kg 47.89b 137.85a 

Interaction 0.000*  0.002*   
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Table 143: Interactive effect between metal salts and various concentrations on 

 copper and zinc (mg/kg) content in tomato during 2017 and 2018 

 cropping seasons. 

 

Metal salt Copper and zinc content (2017)  Copper and zinc content (2018) 

Control 9.58 ±1.91ij 29.17 ±5.91gh 

nCu 300 mg/kg 35.42±10.63gh 106.25±31.89cd 

nCu 600 mg/kg 23.33±4.39gh 70.00±13.17ef 

nCu 1000 mg/kg 32.00±27.42gh 96.00±8.25cd 

nZnO 300 mg/kg 56.25±11.11gh 171.77±35.17cd 

nZnO 600 mg/kg 68.75±11.12ef 226.25±27.13ab 

nZnO1000mg/kg 103.92±15.38cd 312.5.0±47.19a 

bCu 300 mg/kg 34.47±3.33gh 79.78±2.83ef 

bCu 600 mg/kg 15.00±0.00ij 42.50±4.33ef 

bCu 1000 mg/kg 11.00±0.50ij 23.75±2.22hi 

bZnO 300 mg/kg 30.00±1.00gh 275.17±34.60ab 

bZnO 600 mg/kg 44.00±1.00gh 95.33±12.89ef 

bZnO1000mg/kg 44.67±0.58gh 119.17±13.77cd 

n= 96, values with the same superscript along treatments are not significant at p≤ 0.05, nCu 

= copper nanoparticles, nZnO =zinc oxide nanoparticles, bCu = bulk copper, bZnO = bulk 

zinc oxide 
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CHAPTER FIVE 

DISCUSSION, CONCLUSION AND RECOMMENDATION 

 5.1  Discussion 

Characterization of the nanoparticles used for this research revealed the presence of large 

amount of oxygen in nZnO; this is possibly due to higher reactivity of the nanoparticles 

(Akanbi gada et al., 2019) which may lead to slight oxidation during synthesis and/or storage 

of the nanoparticles. Furthermore this could also possibly come from a surfactant that was 

used by the manufacturer to stabilize the NPs during production as this is in tandem with the 

report of Ogunkunle et al. (2018) who studied the effects of manufactured nano-copper on 

copper uptake, bioaccumulation and enzyme activities in cowpea grown on soil substrate. 

Zinc oxide nanoparticles (nZnO) has particle size of between 10-100 nm with irregularly 

shaped rod like structures which are larger and more diverse and this is similar to the report 

of Jahan et al. (2018) who evaluated the toxicity of ZnO and TiO2 nanomaterials in 

hydroponic red bean (Vigna angularis). It also has large amount of oxygen of about 31.71 % 

and highly crystalline in nature. The presence of higher oxygen could be as a result of 

impurities or presence of oxides which could be during synthesis or storage.  

Soil pH is an important factor that influences several processes in the growth and 

development of plant. Some of the processes are soil bacteria activities, nutrient availability, 

and nutrient leaching and soil structure. It has been reported that soil bacteria activities are 

highest at pH range of between 5.5 -7.0 and plant nutrients leach out of soils more rapidly in 

a soil with pH of less than 5.0 (Rousk et al., 2009). Generally, optimum pH range for tomato 

plant is 5.5-7.7 and for legumes is 6.0-7.5 (Rousk et al., 2009). The observed pH in this study 

was 6.4 which mean the soil has good prospects for planting. 
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Significant leaf length, leaf breadth, leaf area, number of leaves and stem girth were observed 

in both bean and tomato plants with the use of nCu and nZnO and this is particularly so 

especially at low dosage of 300 and 600 mg/kg but there was reduction in the growth 

attributes at high dosage. This result is in tandem with the findings of Rayhaneh et al. (2016) 

and Ramesh et al. (2015). Their researches revealed that there were reduction of the growth 

attributes of tomato and wheat at elevated or high dosage of nZnO. This observation was 

further suggested to be due to metal oxide induced toxicity as Cu and ZnO are metals that are 

organ and size specific (Ogunkunle et al., 2017). This study showed that plants that were 

treated with nanoparticles have an edge or improvement over bulk –treated and the control 

plants. The reason for this could be that mineral nutrients encapsulated in nano forms 

promoted plant nutrition as reported elsewhere (Fedoreneko et al., 2015; Naeem et al., 2017).  

In addition, a number of mechanisms underlined the efficiency of nZnO and nCu uptake   

depending on the plant species, size of the nanoparticles and the environmental conditions as 

reported by Fiskesjo et al. (1993). The results of this research slightly disagree with that of 

Olga et al. (2016) who reported simultaneous stimulating and inhibitory actions of the effect 

of Cu and Zn nanoparticles at their individual and combined application on growth 

paramaters of Pistia stratiotes. It is worthy to note that the size of Cu nanoparticles is < 25nm 

and that of Zn is 10-100nm. It has been reported that the size of nanoparticles can influence 

the surface reactivity of the plant under study, the smaller the size the higher the reactivity 

(Asli et al., 2009; Barrena et al., 2009; Ogunkunle et al., 2018). 

Chlorophyll a, b and total was significantly reduced and affected in bean and tomato 

throughout the period of experimentation (2017and 2018) by either the nanoparticles or bulk 

particles compared to control plants. This result agrees with the findings of Mukherjee et al., 

2013; Wang et al., 2016 a, b; Jahan et al., 2018; Akanbi-Gada et al., 2019 a, b). Mukherjee et 
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al. 2013 reported a decreased chlorophyll content which was significant at early growing 

stage of tomato and green pea exposed to nanoparticulate ZnO. Furthermore similar trends 

was also observed and reported by Wang et al. (2016) who reported chlorophyll a reduction 

in 300 mg/L ZnO nanoparticles treated Arabidopsis thaliana.  

The significant reduction in contents of chlorophyll a, b and total could be an indication of 

the possibility of oxidative stress due to the treatments in leaves. It has been suggested by 

Falco et al. 2011 that chlorophyll a is one of the major photosynthetic pigments which are 

highly sensitive to photo-degradation than other pigments and this could be a good pointer of 

nanoparticles toxicity. However, there are some reports that are contrary to the findings of 

this research like that of Raliya et al. (2017; 2015) who posited that there were increase in 

chlorophyll content of several plants with the application of biologically synthesised nZnO. 

This result further disagree with that of Song et al., 2013 who reported that there was no 

significant difference in chlorophyll content of tomato upon exposure to 1000 and 500 mg 

TiO2 per litre. In addition, the fundamental mechanism that is responsible for the differences 

in the effects of nanoparticles on photosynthetic pigments could be related to the 

concentrations of the nanoparticles used, types of plants and the prevailing environmental 

conditions. Disturbance in photosynthetic activity can result in oxidative stress in plants. 

The number of days to fruiting and flower emergence was more in the bulk-treated and 

control plants in both beans and tomato plants. Flowers and fruits emerged earlier in the 

nanoparticles-treated plants during the two cropping seasons. The phytotoxic tendencies of 

Cu and ZnO nanoparticles were shown at higher concentrations or dosage especially in 

tomato plants. This means that Cu and ZnO nanoparticles delayed or inhibited flowering and 

fruiting because of less bioavailability of these metals to plants due to its large particle size 

and also less solubility (10- 100 nm zinc oxide and >25 nm copper nanoparticles was used for 
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this research). Furthermore, dose dependent response was observed with the lowest number 

of days for flower emergence occurring in the nanoparticles-treated plants. Similar dose 

dependent responses were recorded by authors like Lin and Xing (2007); He et al., (2011). 

Productivity parameters of bean and tomato were examined by considering yield based on the 

data obtained in number of pods or fruits per plant, number of seed per pod or fruit, number 

of seed per plant or fruit and pod or fruit length . Significant yield parameters were from nCu 

and nZnO especially at low dosage of 300 and 600 mg/kg. This is in line with the findings of 

Sanghamitra et al., 2015 where subtle positive response in kidney bean yield parameters at 

certain nano- CeO2 concentration were observed. Furthermore, Mukherjee et al., 2015 posited 

that the exposure of green pea to nZnO regardless of type generally had little effect on the 

green pea pod characteristics. Their research further revealed that pod length, pod weight and 

number of seed per pod did not change as a function of treatments except with the use of 

doped 250 mg/kg nanoparticles. The use of Cu and ZnO as fertilizer is an emerging field of 

environmental biology but the mechanism underlying this enhancement to boost agricultural 

productivity is poorly understood. However, plant productivity depends on a number of 

factors including mineral assimilation, cell differentiation and synthesis of stored reserve in 

the endosperm which could be an advantage for growth and developmental progress of the 

test plants (Taiz and Zeiger, 1998). 

Fresh and dry weights recorded significant highest values with the use of nCu and nZnO. 

This result contradict that of Mukherjee et al. (2015) which revealed that regardless of the 

particle type, the fresh and dry weights of green pea were unaffected by nZnO treatments. 

The reason for the difference in results could be due to the size of the nanoparticles used, the 

prevailing environmental conditions, exposure period and type of plant used. 
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Significant values were obtained for all the non-enzymatic antioxidants examined in this 

research with the use of nCu and nZnO. These findings agree with the work of Hernandez- 

Fuentes et al. (2017) who reported stimulatory effects of copper nanoparticles on total 

phenols, beta-carotene and ascorbic acid in tomato plant. The results of this research are also 

in tandem with the findings of Akanbi-Gada et al. (2019b). The results of the non –

antioxidant enzyme activities further suggests that nCu and nZnO do not have negative 

effects especially at low dosage on the non-enzymatic antioxidants in bean and especially 

tomato. Tomato had about three times fold increase of ascorbic acid, lycopene and beta-

carotene over bean plants. This means that nCu and nZnO treatment does not have an 

inhibitory effect on the induction of the antioxidant compounds in the tomato fruit. 

Reactive oxygen species (ROS) are normal by-products of plant that are undergoing natural 

cell functions but increased production of ROS may result from both biotic and abiotic stress 

in plants (Foyer and Shigeoka, 2011). There was concentration dependent increase in 

hydrogen peroxide and malondialdehyde (MDA) in this study and this could be a potential 

stressor in plants. The high hydrogen peroxide generation in the root of bean and tomato 

plants could be as a result of aging duration on nCu and nZnO in the soil as aging can greatly 

affect toxicity of nanomaterials in soil due to process of adsorption and dissolution speed 

(Reedy et al., 2016). The result of this study agrees with that of Akanbi-Gada et al., but 

contrasted with the result of Mukherjee et al., 2013 in green pea where it was reported that 

there was no significant over production of hydrogen peroxide by the roots exposed to 0-500 

mg/kg nZnO.  

The result of MDA also agrees with that of Rao and Shekhawat 2016 where it was reported 

that MDA content in Brassica increased significantly in CuO-treated roots at concentrations 

up to 1500 mg/L. Superoxide dismutase (SOD) ascorbate peroxidase (APX) were down 
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regulated with respect to control and this may be attributed to the simultaneous increase in 

the generation of hydrogen peroxide and lipid peroxidation in the form of malondialdehyde 

(MDA) production because SOD is known to mop or scavenge the activities of superoxide 

free radicals. CAT activities were up regulated when compared with the control as observed 

in this study. CAT is involved in the defence system of plants against accumulation of ROS 

by breaking down hydrogen peroxide to water and oxygen. This result aligns with that of 

Hernandez-Viezcas et al. (2013) who reported an increase in CAT activity in roots of Velvet 

mesquite (Prosopis juliflora-velutina) that was grown in soil exposed to nZnO at 400 mg/kg. 

The exposure of the seed to nZnO and nCu generally had little effects on the quality of the 

seeds when compared with the control. The quality of the seeds was determined by 

determining the protein and starch contents. There were significant differences at all 

evaluation time with respect to control in the content of starch and protein. This could be due 

to differential responses of seeds to carbohydrate and protein metabolism at varying levels of 

copper and zinc oxide nanoparticles treatments. This result agrees with that of Sanghamitra et 

al., 2015. This aspect of food science in nanotechnology is still open to debate. It become 

imperative therefore, to further re-examine the safety of the nanoparticles-exposed plants so 

as to ascertain its safety before consumption as there are varied opinions of researchers on 

this aspect of Ecotoxicological studies. 

Cu and Zn accumulation in the root of bean and tomato were dose dependent and plants 

treated with high doses of 600 and 1000 mg/kg respectively had higher accumulation than the 

control and 300 mg/kg treatments. There was about three times fold increase of the metal 

salts in the root. The roots as the first point of contact of plants with the soil have a significant 

role in the nutrient uptake. This result is in tandem with that of Ogunkunle et al., 2017 where 

it was posited that there was significant accumulation especially at 500 and 1000 mg/kg of 
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nano Cu in German round pea exposed to nano Cu (< 25 nm) through soil substrate. The 

result of this research further corroborates that of Akanbi-Gada et al. 2019 where a dose 

dependent increase was reported in tomato plants with the use of nZnO. 

5.2 Conclusion 

The findings of this research suggested that nZnO and nCu toxicity varies with nanoparticles 

properties, size, and type of plant used as well as the type of soil used for planting or 

cultivation. This study has been able to show that nZnO and nCu has a tendency to promote 

growth and productivity responses in beans and tomatoes especially at low dosages. This will 

eventually translate to higher yield or bumper harvest. This makes nZnO and nCu an 

emerging tool in agriculture for improved agricultural practices. People consume beans 

basically because it provides man with protein among other nutrients and it is a major 

building block of the body tissues.  People also consume tomato because of the antioxidant 

properties it possesses and the result of this research revealed that all the antioxidant enzymes 

were not impacted upon negatively. The result on seed quality revealed that accumulation of 

Zn and Cu was up regulated in comparison with the control. These findings could only mean 

that nZnO and nCu can enter the food chain through edible plants tissues like leaf, stem and 

seeds which may affect the food quality of beans and tomatoes.  

5.3 Contributions to Knowledge 

The findings of the study have contributed to knowledge in the following ways; 

i. Copper and zinc oxide nanoparticles enhanced growth attributes of both bean and 

tomato plants 

ii. Copper and zinc oxide nanoparticles portends serious toxicity to root tissues, due to  

the significant uptake of Cu and Zn by promoting accumulation of hydrogen peroxide 
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(H2O2) and increased the lipid peroxidation inform of malondialdehyde (MDA) 

content at high dosage  

iii. Copper and zinc oxide nanoparticles poses no/mild effect on the leaf tissues as no 

significant accumulation of H2O2 was observed. Also, only CAT activity in the leaves 

was enhanced significantly at all Copper and zinc oxide nanoparticles concentrations.  

iv. Furthermore, non-enzymatic antioxidants in the mature ripe fruits of tomato were 

significantly increased at high Copper and zinc oxide nanoparticles doses. 

v. The study provides information on the toxic effect of Copper and zinc oxide 

nanoparticles applied to tomato and bean at high dosage via soil route (as 

particulates), as the numerous researches on Cu and  ZnO nanoparticles are carried 

out only via medium which are not naturally environmental realistic in agriculture 

such as Hoagland and hydroponic mediums 

vi. It also shows that nutrients in fruits of tomato and beans may be impacted/ affected by 

nano Cu and ZnO despite the fact that the two salts are micronutrients. 

 

 

 

 

 

 



232 
 

5.4  Recommendations 

i. It is recommended that the seeds and fruits from this research should be further 

subjected to in-vivo testing so as to ascertain their safety for human and animal 

consumption 

ii. Synergistic use of both copper and zinc oxide nanoparticles should be encouraged 

iii. Researches should be done using field testing of copper and zinc oxide nanoparticles  

iv. Reduced dosage of the nanoparticles of copper and zinc oxide should be encouraged 

to be administered on the plants since both metals are required in small quantities by 

plants 
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   Figure 5: Bean plants 
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Figure 6: Tomato plants 
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   Figure 7: Bean and tomato plants 
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  Figure 8: Bean plant showing the pod and the inflorescence 

 

 

 

 

 

 

 

 

 

 



254 
 

 


