
 

Available online freely at www.isisn.org 

Bioscience Research 
Print ISSN: 1811-9506 Online ISSN: 2218-3973 

Journal by Innovative Scientific Information & Services Network  

RESEARCH ARTICLE            BIOSCIENCE RESEARCH, 2018 15(4):3429-3436.           OPEN ACCESS 
  

 

Impact of nano- fertilizer on different aspects of 
growth performance, nutrient status and some 
enzymes activities of (Sultani) fig cultivar. 

Mustafa, N.S.1*, H. H. shaarawy2, El-Dahshouri, M.F.3 and Sherin A. Mahfouze4 
 
1Pomology Dept., Agricultural and Biological Division, National Research Centre, Dokki, Giza, Egypt, 
2Chemical engineering and pilot plant Dept., Engineering Division, National Research Centre, Dokki, Giza, Egypt,  
3Fertilization Technology Dept., Agricultural and Biological Division, National Research Centre, Dokki, Giza, Egypt,  
4Cytology and Genetics Dept., Genetic Engineering and Biotechnology Research Division, National Research Centre, 
Dokki, Giza, Egypt, 
  
*Correspondence: nabilhotline@yahoo.com Accepted: 18 Oct.2018 Published online: 09 Dec. 2018 

As continuously efforts to maximize utilization from nano-science in agriculture sector, one–year old fig 
(cv. Sultani) seedlings (grown in shade house of Pomology Dept., National Research Centre, Giza, 
Egypt) were been subjected during two growth seasons (2016/17) to current study that tests hypothesis 
concern with  full replacement conventional mineral fertilizer with Nano-fertilizer. Nano fertilizer applied 
at different rates (100, 200, 300 and 400 ppm) comparing with conventional fertilizer at (500 ppm). Fig 
seedlings were sprayed (twice times per week) with Nano-fertilizers and conventional fertilizer as a foliar 
application. At the end of each growth season, leaves were collected to record some vegetative 
parameters (leaf fresh and dry weight and leaf area) then these samples of leaves were dried and 
digested to determine nutrient statues under tested treatments. Moreover, the activity of two enzymes 
Peroxidase (POX) and polyphenol oxidase (PPO) was evaluated. Obtained results revealed that leaf 
fresh weight, leaf dry weight and leaf area has increased when applying Nano-fertilizes at high levels 
compared with conventional fertilizer. In respect of nutrient status, although chlorophyll content didn't 
increase when Nano-fertilizer applied, there was no significant difference between Nano-fertilizer at (400 
ppm) and control (500 ppm conventional fertilizer). Besides, there were no markedly differences in 
nitrogen and phosphorus content among control and other treatments. In regard to potassium, calcium 
and magnesium, high doses of Nano-fertilizer produced the highest values of these nutrients content 
comparing with low doses. However, high doses of Nano-fertilizer (400 and 300 ppm) didn’t differ 
significantly than control. Also, higher activities of POX and PPO enzymes resulted of applying Nano-
fertilizer at all levels comparing with conventional fertilizers which recorded the lowest activities of these 
enzymes with (two isoforms). Current results were indicated that with applying Nano-fertilizer there is an 
ability to reduce doses of mineral fertilizer without negative impact on growth or chlorophyll and   nutrient 
content . Besides, an increment in enzyme activities was recorded with applied Nano-fertilizers. 
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INTRODUCTION 

The common fig (Ficuscarica) is a species 
of plants in the genus Ficus, from the family 

Moraceae, known as the common fig. The fig tree 
grows in poor environmental condition as well as 
grows well with light and medium soils, needs 
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well-drained soil, and can grow in poor soil. The 
plant can tolerate drought stress, and the Middle 
Eastern and Mediterranean climate is especially 
suitable for the plant  
(http://en.wikipedia.org/wiki/Common_fig).  

Lianju et al., (2003) mentioned that fig fruits 
as well as leaves contain an abundance of amino 
acids and inorganic elements, showing their high 
nutritional value. Fig trees contain several 
beneficial components such as flavone, rutin and 
quercetin, which can be useful in cardiovascular 
disease medicine production. Additionally, the 
extracts from fig had positive impact on inhibition 
growth of several cancers in mouse bodies(spleen 
cancer, Lewis lung cancer ,liver cancer and 
S180 cancer). Fig can increase body immunity 
through its non-toxic extracts and postpone 
lifespan of mice those exposed for 60Co. These 
results revealed that fig maybe important for 
human body health. 

Egypt occupies the second rank after Turkey 
in fig production with (165483 MT) in the world 
(FAOState2011:http://faostat.fao.org/site/339/defa
ult.aspx). Although this advanced rank among the 
world countries, Egypt imports a huge amount of 
dried fig each year especially in Ramadan month. 
Besides, it is known that Egyptian environmental 
conditions (climate, soil and water quality) are 
suitable to cultivate different genotypes of fig on 
large scale which can lead to a narrow gap 
between fig production and consumption and 
reduce exhausting foreign currency.  

Under new reclaimed land conditions, soil 
fertility is considered the most critical factor in 
addition to irrigation to thrive cultivation and 
deficiency in one of them has an impact on 
growth, productivity and quality. 

Nowadays, the Nano-technology severed 
several stages of production, processing, storing, 
packaging and transport of agricultural products 
(Mousavi and Rezai 2011, Ditta 2012). Utilizing 
the Nano-technology in agricultural sector will 
likely have environmental benefits (Froggett, 
2009). UsageNano-materials in the agricultural 
sector are being developed in order to introduce 
the opportunity for more efficiently and safely 
administer pesticides, herbicides, and fertilizers by 
controlling precisely when and where they are 
released (Kuzma and VerHage, 2006). The Nano-
technology as a new powerful technology 
possesses the ability to exist massive variation in 
food and agricultural process. Fertilizer derived 
from the Nano-technology draw attention in 
agriculture. Nano-technology can have positive 
impact on energy, the economy and environment, 

by improving fertilizer products (DeRosa et al., 
2010). 

Nano-fertilizer can be encapsulated inside 
Nano-materials, coated with a thin protective 
polymer film, or delivered as particles or 
emulsions of nano-scale dimensions [DeRosa et 
al.,2010]. Naderi and Danesh-Shahraki, (2013) 
showed that, the utilizing of Nano-fertilizers 
causes an increase in nutrient efficiency , reduce 
leaching pollutants into soil and groundwater, 
minimizes the potential negative effects 
associated with over dosage and reduce the 
frequency of the application. Hence, Nano-
fertilizer has a high potential for achieving 
sustainable agriculture, especially in developing 
countries. In description to a  strategy for 
sustained release of fertilizer(i.e. nitrogen) into the 
soil, Kottegoda et al., (2011) reported, nano-
fertilizer showed an initial burst and a subsequent 
slow-release even on day 60 compared to the 
commercial fertilizer, which released heavily early 
followed by the release of low and non-uniform 
quantities until around day 30.   

The main benefits of applying the Nano- 
technology are: 

1-Improving efficiency of fertilizing program 
2-Reducing fertilizer amount (reducing cost). 
3-Eliminateenvironmentalpollution (especially 

soil and groundwater sources) through reducing 
the amount of added fertilizers. 

The main goal of current study is determining 
the efficiency of Nano-fertilizer to provide fig 
seedlings with its nutrient requirements as well as 
the impact of Nano-fertilizer on in vivo enzymes. 
 
MATERIALS AND METHODS 

To Assess the effect of applying Nano-
technology on fertilization program on fig 
seedlings, "Sultani' fig seedlings grown in a 
greenhouse of Pomology Dept., National 
Research Centre,exposed to different doses (400, 
300, 200 and 100ppm) of NPK in Nano form (very 
tiny particles)in comparison to tradition form of 
NPK at (500ppm= control). 

Nano-fertilizer preparation:  
Nano-fertilizers had been produced by Prof 

Salwa Hawash and Dr. Hassan Sharway 
(chemical engineering and pilot plant Dept., 
Engineering Division, NRC).  

The production steps of the Nano-fertilizer are 
as follow: 

Addition of 20/20/20 NPK fertilizer in water 
and stirring till complete dissolution 
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Addition of citric acid and stirring till complete 
dissolution  

Addition of sodium carbonate with vigorous 
stirring till an ash like solution formation 

Adjusting pH to 5  
 

 
 
Nano fertilizer morphology  

Shape and size of the obtained nano fertilizer 
was characterized by means of a JEOL-JEM-1200 
Transmission Electron Microscope (TEM). The 
TEM sample was prepared by adding a drop of 
the obtained nano fertilizer after sonication for 
15minutes, on a 400 mesh copper grid coated by 
an amorphous carbon film and lifting the sample 
for drying in air at room temperature. The average 
diameter of the fertilizer particles was determined 
from the diameter of 100 nano-particles found in 
several chosen areas in enlarged 
microphotographs. 

Treatments were arranged in randomized 
complete block design with five replicates for each 
treatment .at the end of the experiment, samples 
of leaves were collected  to determine 
some vegetative parameters (leaf fresh and dry 
weight, leaf area and chlorophyll content) and 
nutrient content under applied treatments. Also, 
the effect of this Nano-fertilizer on some the 
enzyme activities peroxidase (POX) and 
polyphenol oxidase (PPO) was evaluated. 

Leaves mineral content:   
Macronutrients were extracted using the dry 
ashing digestion method (Chapman and Pratt, 
1978).Nitrogen was determined by using the 
Kjeldahl method, Phosphorus was spectro 
photometerically measured according to the 
method described by Jackson (1986), and K , Ca 
and Mg were analyzed by using Perkin-Elmer 
(1100 B) atomic absorption spectrometer. 
 

Effect of nano-fertilizer on peroxidase (POX) 
and polyphenol oxidase (PPO) isozyme 
activities:  

Both of peroxidase (POX) and polyphenol 
oxidase (PPO) were extracted based on the 
method described in (Stagemann et al., 1985) to 
determine impact of applied Nano-fertilizer on 
enzyme level. PPO and POX isozymes were 
separated by Native-polyacrylamide gel 
electrophoresis (Native-PAGE). The activities of 
POX and PPO were determined according to 
(Baaziz et al., 1994). 

Data Analysis:   
Statistical analysis of data, analysis of 

variance (ANOVA) and mean separation were 
carried out using Duncan’s multiple range test and 
significance were determined at the (P≤0.01) 
level. Data analysis was performed using 
ASSISTAT version 7.7 beta (2015). 
 
RESULTSAND DISCUSSION  
Figure 1 show the TEM analysis of the obtained 
NPK nano-fertilizers. As shown in figure (1) semi 
spherical nano-particles with diameter ranged 
from 10nm to 55nm.  
 
Nano fertilizers morphology 
 

 
 
Figure. (1) Below shows the Nano-fertilizer 
particles’ size by Electronic microscope in 
NRC. 
Figure 2 shows the histogram of the obtained 
nano NPK fertilizers the figure show that 10nm 
particle size is the major percentage present 
which is 30% of the hole nano structures, while 
particle size of 54nm is the minor particle size 
present (5%), starting from 15nm to 54nm 



Mustafa et al,.                                                                                       Impact of nano- fertilizer on fig cultivar 

 

                                                Bioscience Research, 2018 volume 15(4):3429-3436                                       3432 

 

represents about 70% of the hole nano structure 
which is in agreement with the nano safety 
standards. 

Effect of Nano-NPK on vegetative growth 
parameters:  
Data recorded in tables (1and 2) showed that, 
applying Nano-fertilizers has a positive impact on 
most of measured vegetative and chemical 
parameters of fig seedlings (Sultani).  

 

 
 

Figure. (2) Histogram of obtained Nano NPK fertilizers 
 

Table (1): The effect of Nano-fertilizer on some vegetative growth parameters of fig cultivar 
(Sultanicv.). 

Treatments 
Leaf area 

 (cm2) 
Leaf fresh Weight 

(g) 
Leaf dry weight 

(g) 

Traditional fertilizer (500ppm) 126.83b 3.53 b 1.19 d 

Nano-fertilizer         (400ppm) 129.05 b 4.98 a 1.8 ab 

Nano-fertilizer         (300ppm) 187.63 a 4. 35 ab 1.84 a 

Nano-fertilizer         (200ppm) 148.99 b 4.23 ab 1.39 c 

Nano-fertilizer         (100ppm) 146.19 b 4.18 ab 1.63 b 

Means within the same column and treatment followed by the same letter are not significantly different according to 
Duncan (P ≤ 0.05). 

Table (2): The effect of Nano-fertilizer on some chlorophyll and nutrient status of Fig cultivar 
(Sultanicv.). 

 
 
 
 
 
 

 
 
 
 

 
 

Means within the same column and treatment followed by the same letter are not significantly different 
according to Duncan (P ≤ 0.05).ns: not significant 
In regard to the vegetative growth, whereas the 
highest value of leaf area was recorded with 

Nano-fertilizer at (300ppm), meanwhile control 
treatment (500 ppm of conventional fertilizer) 

0
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Particle size nm percentage %

Treatments 
Chlorophyll 

Spad 
N % 
(ns)* 

P % 
( ns) 

K % Ca % Mg% 

Traditional fertilizer (500ppm) 45.9a 2.19 0.07 1.53 a 1.48 a 0.37 a 

Nano-fertilizer         (400ppm) 46.6 a 2.43 0.08 1.4  a 1.15 ab 0.33  ab 

Nano-fertilizer         (300ppm) 36.53 b 2.55 0.11 1.13 b 1.13 ab 0.31  ab 

Nano-fertilizer         (200ppm) 33.53 b 2.59 0.08 1.03 b 1.12 ab 0.28  b 

Nano-fertilizer         (100ppm) 25.27 c 2.08 0.07 1.04 b 1.04 b 0.3    b 
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recorded the lowest value of this parameter. Also, 
the same trend was noticed for leaf dry weight, 
the highest value of dry weight was recorded with 
both (300 and 400 ppm of Nano-fertilizer) and the 
lowest value for leaf dry weight was recorded with 
conventional fertilizers at(500 ppm). Besides, the 
other treatments (100 and 200 ppm of Nano-
fertilizer) came in the second rank. For leaf fresh 
weight, Nano-fertilizer at (400ppm) resulted in the 
highest value of leaf fresh weight without 
significant differences with the other levels of 
Nano-fertilizer (100, 200 and 300 ppm). However, 
conventional fertilizer produced the lowest value 
of leaf fresh weight.  
In respect to leaf nutrients content, data indicated 
that most nutrients content improved with applying 
Nano-fertilizers and other nutrients (nitrogen and 
phosphorus content) recoded no markedly 
differences with control. 

In respect for, chlorophyll, it could be noticed 
that, Nano-fertilizer at (400ppm) didn't differ 
significantly than control treatment (conventional 
fertilizer at 500ppm), meanwhile the other doses 
of Nano-fertilizer produced lower values of 
chlorophyll content in leaves comparison with 
control treatment. The same trend was repeated 
with potassium whereas Nano-fertilizer at (400 
ppm) didn't differ than convenient fertilizer 
(500ppm) and other Nano-fertilizer doses (100, 
200 and 300ppm) produced lower values of 
potassium content in comparison with 
conventional fertilizer (500ppm) without markedly 
differences among these doses.  For calcium and 
magnesium, the trend has differed whereas the 
differences among Nano-fertilizer doses were not 
significant, However, both of Nano-fertilizer at 
(200, 300 and 400ppm) recorded weak 
differences comparing with conventional fertilize 
(500ppm). Also, the same trend was noticed for 
magnesium, whereas Nano-fertilizer at (300 and 
400ppm) recoded the poor differences comparing 
with conventional fertilizer (500ppm). 

 
Influence of Nano-fertilizer on peroxidase 

(POX) and polyphenol oxidase (PPO) isozyme 
activities:   

POX analysis scored two isoenzymes with 
Rf(The relative mobility) value ranging of (0.475 to 
0.765), also PPO profiles displayed two isoforms 
with Rf value ranging of 0.421 to 0.828 (Table3 
and fig 3). The highest POX and PPO activities 
were found in cultivar Sultani (treated with nano-
fertilizer at 300 ppm) (four isoforms), followed by 
100, 200 and 400 ppm (three isozymes). 

However, the lowest enzyme activity was 
recorded in the control (500 ppm) (two isoforms). 
These results were agreement with Priyanka and 
Venkatachalam (2016) who found that the 
superoxide dismutase (SOD) activity increased 
with increasing zinc oxide nanoparticles 
(ZnONPs) concentrations up to 75mg l−l. 
However, it declined in higher doses. Besides, the 
SOD activity decreased slightly in higher doses of 
ZnO NPs, but activity was improved by Nano-
particle exposure compared with the untreated 
control. The antioxidant enzyme activities differ 
significantly based on the Nano-particle type, 
plant species, doseof nan-particles and duration 
of exposure (Ma et al., 2015). MousaviKouhi et 
al., (2015) discovered that increased SOD activity 
in lower doses of Nano-fertilizer but slightly 
decreased activity in higher doses. SOD activity 
was decreased due to the lower generation of 
superoxide (O-2) from oxidative stress caused by 
Nano-particles (Kim et al., 2012). The POX and 
CAT are antioxidant defense enzymes included in 
the detoxification of H2O2 by converting free 
radicals to H2O and oxygen (O2) (Ma et al., 2015). 

Finally, applying Nano-fertilizers resulted in 
either an improvement in most measured 
characters or at least the same values of these 
characters in comparison to the case of control 
treatment. However, despite the fact that there 
were no significant differences between Nano-
fertilizers treatments and the control one in some 
measured parameters, a 20% reduction of the 
applied fertilizers doses has been achieved in the 
case of Nano-fertilizers which will have many 
positive impacts on the environment protection, 
human health and economy.   

In general, the aforementioned data were not 
a surprise, especially, several studies were 
carried out on Nano-fertilizers and its impact on 
the plant’s growth parameters (Mahajan et 
al., 2011; Taha et al., 2016; Taranet al., 2014; 
Pradhan et al., 2013; Ghafariyan et al., 2013; 
Liala et al., 2018a and b). Their results indicated a 
promising future of the Nano-technology for seed 
germination, growth rate and nutrients content in 
treated plants in comparison with conventional 
forms. 

Results of many studies also indicated 
promoting effects of spraying Nano-fertilizers as 
reported by several authors who worked on Nano-
fertilizers (Millanet al., 2008; Kottegodaet 
al., 2011), they worked on Urea-coated zeolite 
chips and urea-modified hydroxyapatite Nano-
particles as a source of nitrogen. 
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Table3: POX and PPO isozymes analysis in Sultani cultivar treated with different Nano-fertilizer 
(NPK) doses comparing with traditional NPK fertilizer 

 
Rf 

POX 

Cultivar Sultani 

500 Control 400 300 200 100 

0.340 0 0 0 0 0 

0.475 0 0 1 0 0 

0.765 1 1 1 1 1 

Total number of bands= 3 1 1 2 1 1 

 PPO 

0.241 0 0 0 0 0 

0.421 0 1 1 1 1 

0.600 0 0 0 0 0 

0.828 1 1 1 1 1 

Total number of bands= 4 1 2 2 2 2 

Total number of POX and PPO bands= 7 2 3 4 3 3 

 
Rf=The relative mobility, 1= Presence of band    0= Absence of band. 

 
POX PPO 
Figure. 3. POX and PPO profiles of fig leaves cvSultani treated with different Nano-fertilizer (NPK) 
doses compared with the control.  Lane 1: NPK-fertilizer at 500 ppm (control); lane 2: Nano-
fertilizer (NPK) doses (400 ppm); lane 3: Nano-fertilizer (NPK) doses (300 ppm); lane 4: Nano-
fertilizer (NPK) doses (200 ppm); and lane 5:Nano-fertilizer (NPK) doses (100 ppm).      
 
 They referred these stimulation aspects to the 
use of Nano-fertilizers. This can be contributed to 
the increased ratio of surface to volume of the 
Nano-fertilizes which reinforces the efficiency and 
their role in metabolic processes (Chhipa, 2017).  
Also, several researchers compared between 
fertilizers in both forms (conventional form and 
Nano-form) and stated that Nano-fertilizers have 
positive effects on promoting the growth of plants. 
Liu et al., (2004) mentioned that Ca in Nano-form 
as an alternative to the conventional Ca causes 
15% enhancement in biomass of 
 Arachishypogeae. Moreover, they worked in 2014 
on Ca and phosphorus (P) hydroxyapatite in 
Nano-particles’ form, their results showed 20 and 
33% enhancement in Glycine max seed’s yield in 
comparison with conventional phosphorus (Liu 
and Lal, 2014). Finally, Delfani et al., (2014) 
developed magnesium (Mg) as Nanoparticles and 
used it as an alternative of normal Mg. It recorded 
7% increase in  Vignaunguiculata seed weight. 

CONCLUSION 
Nano-fertilizer has a promising and fruitful 

future. Utilizing Nano-fertilizer can be good 
effective tool as remediating eco-balance, 
reducing soil degradation, and environmental 
pollution. Besides, reducing amount of mineral 
fertilizer will have a positive impact on soil-
microorganisms activity Also, using Nano-
fertilizers has another dimension related to 
economic impact through reduces the amount and 
consequences cost of fertilizer and pesticide 
expense. Finally, Nano-fertilizer needs more 
efforts to investigate its impact on yielding, fruit 
quality, food safety and environmental protection. 
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