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ABSTRACT 

This works has been carried out in the experimental field, Abu Ghraib region, Baghdad to investigate effect of use 

CeO2 (100 mg/L), NPK nanofertilizers (30g, 48g, 100g) and NPK chemical fertilizers (840g, 420g, 840g).The most 

important results indicated that the two types of nanofertilization treatments were superior to the chemical fertilization 

treatment in plant height, head weight, external leaves weight and total plant yield. The highest total plant yield was in 

NPK+ CeO2 NPs treatment (72 ton/ha) followed (68.704 ton/ha) in NPK nanofertilizer treatment. Plants which 

fertilized with NPK, NPK+CeO2 give high chlorophyll content compared to the plants that fertilized with NPK 

chemical fertilizers and CeO2 NPs.  
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Introduction 

Cabbage Brassica oleracea var. capitata L. is one of 

major winter leafy vegetable which belong to cruciferae 

family. It is well grown in cool humid weather and grown for 

the leafy head grown a row and the end bud. The leaves were 

used row or in pickle or cooked. Cabbage crop can be grown 

in middle region of Iraq especially in Baghdad region in large 

scale (Hasan and Solaiman, 2012). The area cultivated with 

cabbage in Iraq (1187.5 ha) with a productivity of (12.725 

ton.ha
-1

). The productivity of cabbage in Iraq is very low 

when compared with other countries (AL-Ubaidy et al., 

2019). Agricultural sector faces nowadays great challenges in 

seeking for the sustainability. These challenges include the 

ability to provide safe and enough nutrition for the global 

population and at the same time the conserving or 

maintaining of the agroecosystem services (Agyin-

Birikorang et al., 2018). Therefore, several approaches have 

been adapted for conservation and management of biological 

diversity to sustain and increase crop productivity as well as 

to enhance agroecosystem services (El-Henawy et al., 2018). 

The use of more efficient mineral fertilizers is necessary to 

achieve the increased food production needed to feed this 

increased population and support economic development. In 

addition, the intensive application of conventional fertilizers 

over long periods of time has caused severe environmental 

stresses around the world, including pollution of 

groundwater, eutrophication of water, degradation of soil 

quality, and degradation air pollution. (Congreves and Van 

Eerd, 2015). The limited efficiency and environmental 

constraints associated with the use of chemical fertilizers 

remain a major problem and an obstacle to achieving 

reasonable sustainability in agriculture. In addition, the cost 

increases resulting from excessive application of chemical 

fertilizers will reduce the profit margins of producers. Low 

nutrient utilization efficiency is usually the result of high 

release of conventional fertilizers exceeding the actual rate of 

nutrient uptake by plants, processing of fertilizers, nutrients 

into forms that are not bioavailable for crops (H. Chhipa, 

2017). Nanotechnology plays an important role in increasing 

production and improving the quality of food produced by 

farmers. Many believe that this new technology will ensure 

the growing world’s food needs as well as provide a range of 

economic and environmental benefits. Nanotechnology has 

proven its position in agricultural sciences and related 

industries as a multidisciplinary technology and pioneer in 

solving problems (Mousavi and Rezaei, 2011). 

Nanotechnology is considered a tool that helps in solving 

challenges facing farmers in managing crops by obtaining 

high producing crops and minimizing the use of synthetic 

chemicals (Kumar, 2013; Prasad et al., 2014). Nanomaterials 

are defined as materials their minutes are between 1 to 100 

nanometers, and because of their tiny size nanomaterials are 

defined as materials their minute sizes are between 1 to 100 

nanometers, they behave in a way differs from the traditional 

materials of big size molecules as well as differ from them in 

the physical and chemical properties (Mazaherinia et al., 

2010; Ghorbani et al., 2011). Artificial fertilizers are 

inorganic fertilizers prepared in ideal concentrations of 

macro and micro nutrients. Nitrogen is an important nutrient 

that is essential for plant growth. The most widely used 

source of water soluble nitrogen is urea (46% N). The 

nitrogen concentration in the soil decreases due to leaching. 

Therefore, the NUE (nitrogen utilization efficiency) is low. 

Urea modified hydroxyapatite particles have been used in 

agriculture; due to its higher NUE and slow release of 

nitrogen into the soil, this helps to maximize NUE by plants 

and minimize adverse effects on the environment (Subbaiya 

et al., 2012). Phosphorus plays an important role in several 

physiological processes in the plant, such as photosynthesis, 

energy storage, transfer and respiration, cell enlargement and 
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cell division. In addition, phosphorus is an important 

structural component of many biochemical coenzymes such 

as nucleic acids (DNA, RNA), nucleotides, sugar phosphate 

and phospholipids. It stimulates root growth, fruit flowering 

and seed formation. Potassium is considered essential in 

photosynthesis, nitrogen metabolism, sugar translocation, 

enzymatic activation, water relationship, stomatal opening 

and growth of meristematic tissues, it acts as a policeman of 

the chemical circulation, root propellant, stem strengthener, 

respiration regulator and protein builder and delays disease, 

but it is not effective without its coefficient such as N and P 

(Merghany et al., 2019).  

Cerium oxide NPs has been studied, they can act as 

direct antioxidants and scavengers of free radicals, depending 

on the size, surface properties, exposure period and age of the 

plant. CeO2 NPs in low concentration give positive effect in 

growth and photosynthesis, growth parameters and 

chlorophyll contents were increased at low concentrations of  

CeO2 NPs. CeO2 NPs affected the radical scavenging ability 

of the antioxidant enzyme (catalase, superoxide dismutase, 

ascorbate peroxidase, guaiacol peroxidase and glutathione 

reductase  and non-enzymatic antioxidants (thiols, 

glutathione, phenolics, ascorbate and proline) which they 

help to scavenge generated reactive oxygen species (ROS) in 

plants (Jahani et al., 2019; Rico et al., 2013). 

The aim of this work is to investigate the improvement 

of cabbage growth and yield when fertilized by chemical 

NPK fertilizers and nano NPK fertilizers along one season of 

implantation and enhanced by CeO2 NPs prepared by laser 

ablation in liquid. 

Materials and Methods 

Nano fertilizers (N, P, K) were purchased from Al-

KAZRA company- Iran, while CeO2 NPs was prepared by 

laser ablation.  A two months’ cabbages (Brassica oleracea 

var. capitata L.) Yarbouz category had been obtained from 

local farms in Iraq. NPK chemical fertilizers were obtained 

from ARD company- Iraq. 

Preparation of cerium oxide nanoparticles by PLAL 

The cerium oxide disk (1 cm
2
, 5 g) was prepared by 

compressing of CeO2 powder, and burning in furnace at 1500 
º
C for 2 hr. Stuck solution of CeO2 NPs was generated by 

ablation by Q-Switched Nd: YAG laser. Subsequently, 10 ml 

of distal water was added to the sample and ablated under 

energy of 500 mJ. Furthermore, two wavelength of 532 and 

1064 nm of Nd:YAG laser with 1000 pules and 3 Hz were 

utilized. The NPs structure was assessed by X-ray 

diffractometer (Shimadzu, 6000, Japan, Mashad, Iran). 

Characterization of nanoparticles 

Cerium oxide had been characterized field Emission 

Scanning Electron Microscope (FE-SEM) was used to 

determine the particles size and morphology of CeO2 and 

fertilizers NPs. 

Land preparation and soil analyzing 

Land preparation was conducted in the winter season 

(2019-2020) in one of the Abu Ghraib fields in Baghdad. A 

plot of 100 m
2
 was prepared, plowing, leveling, and 

smoothing operations were performed. The land was divided 

into terraces 10 meters long and 75 cm wide and at three 

replications per-transaction. Cabbage plant were planted in 

1/10/2019 on both sides of water flow and a distance of 30 

cm between one plant and another. All the recommended 

agricultural service operations were performed for all 

seedlings in a similar manner for all plants such as weeding, 

control and irrigation, depending on the method of irrigation 

by drip. The study included 5 simple transactions, each 

treatment is three replicates, and contain 45 plant. The 

experiment was conducted according to the design of the 

complete randomized design. Pre planting soil samples were 

collected randomly from the experimental area at a depth of 

30 cm for physical and chemical analysis.  Soil samples were 

bulked, air dried and ground to pass through a 2 m sieve. The 

particle size of soil was determined according to (Black, 

1965). Spectrophotometer had been used to determine 

phosphorus, iron and zinc in soil according to Olsen (1982) 

and Jones (2001), while nitrogen was determined by Kjeldahl 

digesting method (Blak, 1965) and potassium was estimated 

by flame photometer according to Page (1982). On the other 

hand, soil pH and electrical conductivity (EC) were also 

measured table (1). 

Table 1 : Chemical and physical properties of the soil before 

cabbage implantation. 

 Properties Value and type 

Electrical conductivity (E.C) 4.4 

Soil pH 7.2 

      Clay 3% 

       Silt 32.6% 

S
o

il
  

  
 

p
ar

ti
cl

es
 

       Sand 64.4% 

Soil tissue type Sandy mixture 

Nitrogen 21.4 

Phosphor 6.2 

Potassium 170 
 

Fertilizers application 

The fertilization of seedling was started after one week 

of plantation. A mixture 100 g of nanonitrogen, 48 g of 

nanosphosphorus and 30 g of nanopotassium were taken and 

dissolved in 9 L of D.W as recommended by manufacturer 

while, 840 g of N chemical fertilizers, 420 g of P chemical 

fertilizers and 840 g of K chemical fertilizers were taken and 

dissolved in 9 L of D.W as recommended by manufacturer. 

Then 200 ml of mixture was added to each plant 

contentiously every 21 days. On the other hand, 100 mg / 

liter CeO2 NPs was added directly to the plant a month after 

planting in a quantity of 10 ml for each plant (S. Jahani et al., 

2019). 

Cabbage harvesting and growth parameter estimation  

The cabbage harvested after the completion of 

fertilization program during one agricultural season (from the 

1
st
 of October 2019 to the 1

st
 of January 2020). Growth 

parameters include fresh head weights, height, number, 

external leaves weight, plant head height and head 

circumference were measured before and after harvesting. 

Furthermore, plant leaves samples were collected to estimate 

the total content of chlorophyll. 

Chlorophyll determination in cabbage leaves: 

One gram of dried leaves was mixed with 10 ml of 80% 

acetone and crushed well in a ceramic mortar. The filtered 

volume was complete to 100 ml with acetone, and 

absorbance was measured at 645 and 633 nm by 
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spectrophotometer. The amount of the dye was calculated 

according to the method described by (AL-Ubaidy et al., 

2019). 

Statistical analysis 

The data were statistically analyzed using a program 

Gensatst 2012, and the means was compared using L.S.D. at 

0.05 level of significant to compare the arithmetic averages 

(Steel and Torrie, 1960). 

Results and Discussion 

Characterization of nanoparticles 

  Cerium oxide revealed spherical nanoparticles with 

diameter average of 16.69 – 25.58 nm, as shown by FE-SEM 

figure (1). FE-SEM images of N, P, K nano fertilizers 

revealed particles size range between 12.17 to 36.89 nm 

figure (1). 

   

  
Fig. 4: FE-SEM images of nano fertilizers A. Nitrogen, B. Phosphorus, C. Potassium, D. CeO2. 

 

Growth parameters and cabbage yield 

      Variation in growth parameters had been observed 

when different types of fertilizers applied to the cabbage than 

in control plants table (2). The average number of external 

leaves was high in control plants (19.67) than in when the 

plants were fertilized by NPK nano fertilizers  (17.41), while 

the higher average weight of non-wrapped external leaves 

(0.867 Kg/plant) was observed with plants that fertilized with 

NPK nanofertilizer. Furthermore, cabbages that fertilized 

with nanofertilizers, except CeO2 NPs, revealed higher 

circumferences (not less 49.42 cm) when compared with 

control (28.17 cm). High average (55.56 cm) of head 

circumference was observed when plant fertilized with NPK 

nano fertilizer, while (48.11 cm) was observed with plants 

that fertilized with NPK chemical fertilizers. Moreover, 

cabbages show height head 16.56 cm when plant fertilized 

with NPK+CeO2 nano fertilizer, while plants that did not 

receive any fertilizers, as control observed 10.67 cm. Finally, 

the average of higher cabbage head weight reached 1.88 

Mays F. Abdulhameed et al. 
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Kg/plant when the plant fertilized with NPK + CeO2 NPs 

table (2), while the NPK chemical fertilizers was 0.747 Kg/ 

plant within 90 days. On the other hand, table (2) illustrated 

that treatment fertilized by NPK nano fertilizers with CeO2 

NPs had remarkable increased the total plant yield to (72.164 

ton/ha). While NPK nanofertilizers alone, NPK chemical 

fertilizers, CeO2 NPs alone and control produced (68.704, 

61.692, 34.722 and 27.507 ton/ha) respectively Significant 

differences were obtained between the higher values and 

others.

 

Table 2 : Determination of cabbage Growth parameters in one season. 

Fertilization type 

Average of  

external 

leaves 

number 

(Leaves/plant) 

Average 

of external 

leaves 

Weight 

(Kg/plant) 

Average of 

head 

circumference 

(cm) 

Average 

of head 

height 

(cm) 

Average 

of head 

height 

(cm) 

weight 

average of 

plant 

head per 

treatment 

(Kg/plant) 

Total 

plant 

yield 

 

(Ton/ha) 

NPK chemical 

fertilizers 

 

17.77 

 

0.752 

 

48.11 

 

15.22 

 

1.227 

 

0.747 

 

61.692 

NPK nano 

fertilizers 
17.41 0.867 55.56 15.67 1.790 0.957 68.704 

NPK+ CeO2 NPs 17.56 0.861 49.42 16.56 1.889 1.082 72.164 

CeO2 NPs 17.83 0.502 36.89 10.16 0.639 0.520 34.722 

Control 19.67 0.457 28.17 10.67 0.513 0.413 27.507 

L.S.D 

(0.05) 
2.36 0.173 7.04 1.18 0.087 0.103 7.657 

 

Despite the positive effects of cerium oxide NPs in 

growth and photosynthesis, it can be act as antioxidant. CeO2 

NPs affected the radical scavenging ability of the antioxidant 

enzyme which they help to scavenge generated reactive 

oxygen species (ROS) in plants. CeO2 NPs catalytic trapping 

of ROS can protect the light and carbon reaction of 

photosynthesis in plants by minimizing oxidative damage to 

chloroplast photosystems, pigments, lipid membranes and 

enzymes involved in carbon binding. CeO2 NPs are therefore 

well positioned to protect plant photosynthesis against the 

effects of ROS accumulation. ROS can protect the light and 

carbon reaction of photosynthesis in plants by minimizing 

oxidative damage to chloroplast photosystems, pigments, 

lipid membranes and enzymes involved in carbon fixation. 

Thus CeO2 NPs are well positioned to protect plant 

photosynthesis from effects of ROS accumulation (Jahani et 

al., 2019). Moreover, Rico et al. (2014) demonstrated that 

CeO2 NPs significantly improve wheat growth and shoot 

biomass in potted plants grown in green house conditions. 

Jahani et al. (2019) confirmed that the low concentration of 

CeO2 (50 and 100 mg/L) induced C. officinalis growth 

parameters. 

According to the previous result, the weight of cabbage 

external leaves of cabbage in nano fertilization treatments 

than others treatments, this indicates the effectiveness of the 

nano fertilizers in increasing the absorption of nutrients 

necessary for increasing the vegetative growth of cabbage 

plant. It is confirmed with El-Henawy et al. (2018) which 

was used nano fertilization application to enhancing plant 

growth in red cabbage and broccoli. In another study, a 

patented nano composite consist of N, P, K have been shown 

ti increase the uptake and utilization of nutrients by grain 

crops (Tapan and Sivakoti, 2019). 

Chlorophyll amount in cabbage leaves 

Chlorophyll amount had been determined in cabbage 

leaves after harvesting. Chlorophyll amounts estimated in all 

fertilized cabbages leaves were higher than control (65.57 

mg/100 g leaves). Chlorophyll amount in cabbage leaves 

fertilized with nano fertilized, except CeO2 NPs, was higher 

than in cabbage leaves that fertilized with chemical 

fertilizers, as shown in figure (5). The higher amount of 

chlorophyll in cabbage was 131.22 mg / 100 g of leaves after 

fertilized with NPK+CeO2 NPs, and significant differences 

were determined when compared with other fertilizers. 

 

Fig. 5: Chlorophyll amount in cabbage leaves. 

According to the result, the content of chlorophyll was 

increased in cabbage leaves that fertilized with NPK 

nanofertilizers supported by CeO2 NPs. Low concentration of 

NPs showed a stimulates effect on the content of chlorophyll, 

because cerium can act as a catalyst in the production of 

chlorophyll and it can maintain the structure of the 

chloroplast which conducts photosynthesis and performs a 

number of other functions including the synthesis of fatty 

acids and amino acids in the plant (Shyam and Aery, 2012; 

Milo and Phillips, 2015; Jahani et al., 2019). Similarly, Gui 

et al. (2017) reported the enhancement of chlorophyll content 

by low concentration of CeO2 NPs (10, 50, and 100 mg/Kg). 

Moreover, Yang et al.(2017) showed that the total 

chlorophyll content of Arbidosis thaliana was not effected by 

500 mg/L of CeO2 NPs but it was significantly decreased at 

higher concentration (≥1000 mg/L). In another study, the 

CeO2 NPs significantly affected the chlorophyll content 

when it was used in concentration 125 mg/L on rice (Rico et 

al., 2013).  

On the other hand, the increasing of chlorophyll content 

in the presence of low concentration of CeO2 NPs is due to 

the ROS low production and less lipid peroxidation, while 

the high ROS level lead to damage in chloroplast structure, 

Influence of cerium oxide nanoparticles and NPK nanofertilizers on growth and yield of cabbage plant 
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change in pigment protein complexes, degradation and 

inhibition of photosynthetic pigments synthesizing (Garcia-

Sanchez et al., 2002). Therefore, the increasing of 

chlorophyll content, in the present study, in the presence of 

low concentration of CeO2 NPs may due to the ROS low 

production and less lipid peroxidation.  

Furthermore, NPK nano fertilizers effected the content 

of chlorophyll in cabbage plant due to the role of these 

elements in the increasing of cell division and cell size. In 

same context, the nitrogen element interferes with prophyrine 

formation which is participates in chlorophyll pigments 

formation (AL-Taey et al., 2017; Al-Ubaidy et al., 2019). 

The results in this study was agreed with results obtained by 

Olaniyi and Ojetayo (2011), when they used NPK fertilizers 

for cabbage (Brassica oleracea L.). 

Conclusions 

Nanofertilization supported with nano particles has 

provided the plant’s need of necessary nutrients as well as 

giving it result higher than chemical fertilization and superior 

to most of the measured vegetative characteristics. The 

nanofertilization gave the cabbage plant a high nutritional 

value as the percentage of elements present in the leaves of 

the plant is high compared to chemical fertilization. 

Acknowledgment: I would like to express my great thanks 

to Prof. Dr. Ali A. Taha and Prof. Dr. Raid A. Ismail
 
for their 

advices. Also, I would like to thanks Ministry of Agriculture, 

Plant Protection Directorate, Human Resource Management 

(Ibraheem Ali, Omer Saaed, Marwan Mahmood, Mahmood 

Adel, Yaseen Ibraheem and Mohammed Hatem) for their 

service and help to complete my research. 

References 

Abid, S. A.; Taha, A. A.; Ismail, R. A.; and Mohsin, M. H. 

(2020). Antibacterial and cytotoxic activities of cerium 

oxide nanoparticles prepared by laser ablation in 

liquid. Environmental Science and Pollution Research 

International. 

Agyin-Birikorang, S.; Winings, J. H.; Yin, X.; Singh, U.; and 

Sanabria, J. (2018). Field evaluation of agronomic 

effectiveness of multi-nutrient fertilizer briquettes for 

upland crop production. Nutrient cycling in 

agroecosystems, 110(3): 395-406. 

AL-Ubaidy, R. M.; Mohammed, M. M.; and Al-Zaidy, A. K. 

(2019). Influence of chemical fertilizers and foliar 

spraying with humic acid in growth and yield of red 

cabbage. Biochem. Cell. Arch. Vol. 19, No. 1, pp. 

1215-1220. 

Black, C.A.; Evans, D.D.; White, J.L.; Ensminger, L.E. and 

Clarke, F. E. (1965). Methods of soil analysis. 

American Society of Agronomy. Madison, Wisconsin, 

part I, 1-770. 

Blak, C. A. (1965). Methods of soil analyses Part I. Amer. 

Soc. Agr. Inc. 

Chhipa, H. (2017). Nanofertilizers and nanopesticides for 

agriculture. Environmental chemistry letters, 15(1): 15-

22. 

Congreves, K. A.; Hayes, A.; Verhallen, E. A.; and Van 

Eerd, L. L. (2015). Long-term impact of tillage and 

crop rotation on soil health at four temperate 

agroecosystems. Soil and Tillage Research, 152, 17-28. 

El-Henawy, A.; El-Sheikh, I.; Hassan, A.; Madein, A.; El-

Sheikh, A.; El-Yamany, A. and Abdelhamid, M. (2018). 

Response of cultivated broccoli and red cabbage crops 

to mineral, organic and nano-fertilizers. Environment, 

Biodiversity and Soil Security, 2(2018): 221-231. 

García-Sánchez, F; Martinez, V; Jifon, J; Syvertsen, J. P. and 

Grosser, J. W. (2002). Salinity reduces growth, gas 

exchange, chlorophyll and nutrient concentrations in 

diploid sour orange and related allotetraploid somatic 

hybrids. The Journal of Horticultural Science and 

Biotechnology, 77(4): 379-386. 

Ghorbani, H.R.; Safekordi, A.A.; Attar, H. and Sorkhabadi, 

S.M. (2011). Biological and non-biological methods for 

silver nanoparticles synthesis. Chem. Biochem. Eng. 

Q.; 25(3): 317-326. 

Hasan, M.R. and Solaiman, A.H.M. (2012). Efficacy of 

organic and organic fertilizer on the growth of Brassica 

oleracea L. (Cabbage). International Journal of 

Agriculture and Crop Sciences, 4(3): 128-138. 

Ismail, R.A.; Abid, S.A. and Taha, A.A. (2019). Preparation 

and Characterization of CeO 2@ Ag Core/Shell 

Nanoparticles by Pulsed Laser Ablation in 

Water. Lasers in Manufacturing and Materials 

Processing, 6(2): 126-135. 

Jahani, S.; Saadatmand, S.; Mahmoodzadeh, H. and Khavari-

Nejad, R.A. (2019). Effect of foliar application of 

cerium oxide nanoparticles on growth, photosynthetic 

pigments, electrolyte leakage, compatible osmolytes 

and antioxidant enzymes activities of Calendula 

officinalis L. Biologia, 74(9): 1063-1075. 

Jones Jr, J.B. (2001). Laboratory guide for conducting soil 

tests and plant analysis. CRC press. 

Kumar, K. (2013). Nanobiotechnology and its 

implementation in agriculture. J. of Advanced Botany 

and Zoology, 1-3. 

McLean, E.O. (1983). Soil pH and lime 

requirement. Methods of soil analysis: Part 2 Chemical 

and microbiological properties, 9: 199-224. 

Merghany, M.; Shahein, M.M.; Sliem, M.A.; Abdelgawad, 

K.F. and Radwan, A.F. (2019). Effect of nano-

fertilizers on cucumber plant growth, fruit yield and it’s 

quality. Plant Archives, 19(2): 165-172. 

Milo, R. and Phillips, R. (2015). Cell biology by the 

numbers. Garland Science. 

Mousavi, S. and Rezaei, M. (2011). Nanotechnology in 

agriculture and food production. J. Appl. Environ. Biol. 

Sci.;  1(10): 414-419. 

Olaniyi, J.O. and Ojetayo, A.E. (2011). Effect of fertilizer 

types on the growth and yield of two cabbage 

varieties. Journal of Animal and Plant Sciences, 12(2): 

1573-1582. 

Olsen, S.R.; Sommers, L.E. and Page, A.L. (1982). Methods 

of soil analysis. Part, 2: 403-430. 

Page, A.L.; Miller, R.H. and Keeney, D.R. (1982). Methods 

of soil analysis, part 2. Chemical and microbiological 

properties, 2. 

Prasad, R.; Kumar, V. and Prasad, K. (2014). 

Nanotechnology in sustainable agriculture: Present 

concerns and future aspects. African Journal of 

Biotechnology, 13(6): 705713 

Rico, C.M.; Lee, S.C.; Rubenecia, R.; Mukherjee, A.; Hong, 

J.; Peralta-Videa, J.R. and Gardea-Torresdey, J.L. 

(2014). Cerium oxide nanoparticles impact yield and 

modify nutritional parameters in wheat (Triticum 

aestivum L.). Journal of agricultural and food 

chemistry, 62(40): 9669-9675. 

Mays F. Abdulhameed et al. 



 

 

1331 

Rico, C.M.; Hong, J.; Morales, M.I.; Zhao, L.; Barrios, A.C.; 

Zhang, J.Y. and Gardea-Torresdey, J.L. (2013). Effect 

of cerium oxide nanoparticles on rice: a study involving 

the antioxidant defense system and in vivo fluorescence 

imaging. Environmental science and 

technology, 47(11): 5635-5642. 

Shyam, R. and Aery, N.C. (2012). Effect of cerium on 

growth, dry matter production, biochemical constituents 

and enzymatic activities of cowpea plants [Vigna 

unguiculata (L.) Walp.]. Journal of soil science and 

plant nutrition, 12(1): 1-14. 

Steel, R.G.D. and Torrie, J.H. (1960). Principles and 

procedures of statistics. Principles and procedures of 

statistics. 

Subbaiya, R.; Priyanka, M. and Selvam, M. (2012). 

Formulation of green nano-fertilizer to enhance the 

plant growth through slow and sustained release of 

nitrogen. Journal of Pharmacy Research, 5(11): 5178-

5183. 

Tapan, A. and Sivakoti, R. (2019). Nano fertilizer: its impact 

on crop growth and soil health. Journal of Research 

PJTSAU, 47(3): 1-11. 

 

Influence of cerium oxide nanoparticles and NPK nanofertilizers on growth and yield of cabbage plant 


