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As continuously efforts to maximize utilization from nan-science in agriculture sector, one–year old 
olive(Aggiz cv.) seedlings (grown in shade house of Pomology Dept, National Research Centre, Giza, 
Egypt) were been subjected during two growth seasons (2016-2017) to current study that came out to 
test for how far can substitute convenient fertilizers with nano-fertilizers.  In this context, different levels 
of traditional fertilizers (100, 50 and 25%) had been replaced with different doses of nano-fertilizers 
(0.05, 0.1, 0.15 and 0.2 %). Treatments were replicated 5 times and each one contained three olive 
seedlings. Nano-fertilizer treatments were applied as foliar applicant at three dates (1st June, 1st July 
and 1st August). At the end of each growth season different vegetative growth parameters (plant height 
increment, leaf fresh and dry weight, leaf area, root fresh and dry weight, root length) were been 
determined. Moreover, leaf nutrient status were been estimated. Obtained results indicated that, 
substituting half recommended dose of mineral fertilizers (0.5g/seedling as soil application) with spraying 
with nano-fertilizers at (0.2%) three times (June, July, and August) positively promote most of recorded 
vegetative growth parameters and without any deficiency  symptoms  on seedlings. Also, current study 
concluded that nano-fertilizers have a bright future and it can substitute mineral fertilizer safely. 
Moreover, more studies should be run to clarify the impact of these nano-fertilizers on environment 
pollution, fruit production and quality and consumer health. 
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INTRODUCTION 

Olive (Oleae uropaea L.) trees can survive at 
wide ranges of height from 8-15 m, depending on 
environmental conditions (Martin, G.C., 2003). 
Also, it is capable of persisting and survived in 
wide variation of conditions (i.e. from poor soil to 
fertile soil, from dry region to wet regions, from 
poor water quality to well quality). In addition, olive 
is most prolific in semi-arid to sub- humid warm 
temperate regions, in sandy loam soil of moderate 
depth (Spenneman, D.H.R. and L.R. Allen, 
2000).Thereby, olive trees can consider an 
economic treasure especially for developed 
countries and doesn't need specific conditions for 

growing and yielding. Nursery period is an 
important stage in cycle life for olive trees to 
produce healthy and uniform seedlings; many 
factors have a great impact on this stage such 
irrigation schedule, fertilizer program and pest 
control. However, fertilizer program (whether as 
soil or foliar application) is considered a critical 
factor to produce an ideal seedlings (Hagagg et 
al., 2014) with a considerable economic price. 

In this context, Nano-fertilizers were emerged 
in the recent decade as a new revolution in 
agriculture sector (Chhipa, 2017) and have a 
bright future (Pergolese et al., 2006). Nano-
fertilizers produced through certain chemical 
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and/or physical processes with specific properties 
to raising fertilizer program efficiency, increasing 
crop productivity and deducting environmental 
pollution through decreasing mineral fertilizers 
usage (Kashyap et al., 2015 and Delfani et 
al., 2014).    

Generally, nanoparticles form are synthesized 
to have tremendous applications in different fields 
(i.e. industrial, agricultural and medical sectors) 
depending on their unique properties whether 
electronic, optical, mechanical and chemical 
properties that are significantly varied from their 
bulk material or conventional form (Guo 2004 and 
Pergolese et al., 2006). 

Several fertilizes had been converted into 
nano-forms and subjected to study (Taha et 
al., 2016; Taran et al., 2014; Pradhan et al., 2013; 
Ghafariyan et al., 2013; Mahajan et al., 2011). 
Their results indicated for promising future and 
results for these new forms on levels (seed 
germination, growth rate and nutrients content in 
treated plants) as compared with conventional 
forms. 

In current study the research team tried to test 
hypothesis concerning with capability of substitute 
the conventional fertilizers with nano-fertilizers at 
different levels to be more safely and economic. 

 
MATERIALS AND METHODS 

This work was carried out in the experimental 
research shade house of National Research 
Centre, Dokki, Giza, Egypt during 2016- 2017. For 
this purpose, healthy one years old olive and 
almost uniform seedlings Aggizi cv. was used. 
The seedlings were planted in black polyethylene 
bags with 30 cm diameter fooled 10 kg washed 
sand mixed very good with peat moos (2:1), Olive 
seedlings were irrigated twice weekly. Aggizi olive 
seedlings  were subjected to different substitution 
rates (0, 50, 75%) of recommended dose 
(1gm/seedling/week) of conventional fertilizers 
which add as crystalon (20:20:20 NPK) with 
adding varied doses of nano-NPK fertilizers (0.05, 
0.1, 0.15 and 0.2%)  as foliar application. Nano-
NPK fertilizers treatments were applied three 
times at 1st June, 1st July and 1st August (2017).  

Treatments were arranged in randomized 
complete block design with five replicates for each 
treatment and each replicate was comprised of 
three seedlings. At the end of September, plants 
of each treatment were removed genteelly with 
their root system to estimate and record the 
following data:   

Vegetative growth parameters:   
1. seedling height increment 

(%) which was calculated monthly after 
month of each spray and at the end of 
experiment (at the end of September) 

2. Leaf fresh weight 
3. Leaf dry weight 

Root growth parameters:   
1. Root length 
2. Root fresh weight  
3. Root dry weight  

Leaves mineral content:   
Nitrogen (N) and phosphorus (P) in leaves 

were calorimetrically determined according to the 
methods described by Bremner, et al., (1999), and 
Olsen, et al., (1982), respectively. Potassium (K) 
was determined by flame photometrically 
according to the method advocated by Jackson, et 
al., (1970). 

Data Analysis:   
The data were subjected to analysis of 

variance and the method of Duncan’s was used to 
differentiate means (Duncan, 1959). 
 
RESULTS  

Generally gathering both conventional and 
nano-fertilizers have a positive effect on seedling 
height increment % at all levels (after first, 
second, third spray and at the end of growth 
season) comparing with applying conventional 
fertilizes alone. In regard to effect of conventional 
fertilizers, it was clear that the highest increment 
resulted from applying conventional fertilizers at 1 
g /seedlings/weeks and moderate dose of this 
fertilizer came in second rank meanwhile the 
lowest percentage of seedling height increment 
produced from the low level of conventional 
fertilizer. 

In respect to effect of nano-fertilizers, data in 
(Table 1) revealed that applying nano-fertilizers 
had a positive effect on seedling height increment 
(%), and the percentage of increments raise with 
increasing doses of sprayed non-fertilizers. Also, 
the highest percentage of seedling height 
increment occurred at high dose of nan-fertilizers 
(0.2%) at each date of spraying and at the end of 
season.  

From first glance o the interaction between 
conventional and nano-fertilizers at different 
doses, data emphasize that there were clearly 
and markedly differences between treatments.  
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Table (1): Effect of partial substitution conventional fertilizers with nano-fertilizers on seedling 
height increment % of Aggizi olive seedlings. 

Treatments Height Increment (%) 

Conventional 
Fertilizer doses 

(gm/seedling/week) 

Nano-fertilizers 
doses (ml/l) 

After month 
of 1

st
 spray 

After month 
of 2

nd
 spray 

After month 
of 3

th
 spray 

At the end 
of 

growth season 

1 gm /seedling/week 

NPK nano 0% 19.93 g 37.84 i 53.42 h 63.42 i 

NPK nano 0.05% 24.18 def 55.26 f 78.01 e 86.03 e 

NPK nano 0.1 % 26.10 cd 61.73 e 87.15 e 106.07 c 

NPK nano 0.15% 31.41 b 95.82 b 135.28 b 136.15 b 

NPK nano 0.2% 37.91 a 116.63 a 164.65 a 175.12 a 

0.5 gm 
/seedling/week 

NPK nano 0% 21.81 fg 18.65 j 26.33 i 37.95 k 

NPK nano 0.05% 24.34 de 44.72 gh 63.14 fg 73.66 gh 

NPK nano 0.1 % 23.47 ef 56.30 ef 79.48 e 93.60 d 

NPK nano 0.15% 25.73 cde 74.89 d 105.72 d 96.06 d 

NPK nano 0.2% 19.69 g 87.87 c 124.05 c 107.81 c 

0.25 gm 
/seedling/week 

NPK nano 0% 8.86 i 45.92 g 64.83 f 76.70 fg 

NPK nano 0.05% 14.88 h 57.31 ef 79.16 e 81.07 ef 

NPK nano 0.1 % 19.48 g 37.06 i 52.32 h 71.80 gh 

NPK nano 0.15% 26.81 c 39.37 hi 55.58 gh 68.74 hi 

NPK nano 0.2% 27.02 c 21.65 j 30.56 i 51.73 j 

Mean of conventional  fertilizer 
1 gm /seedling/week 

0.5 gm /seedling/week 
0.25 gm /seedling/week 

 
27.91 A 

 
73.46 A 

 
103.70 A 

 
113.36 A 

23.01 B 56.49 B 79.74 B 81.82 B 

19.41 C 40.26 C 56.49 C 70.01 C 

Mean of spraying NPK Nano 
0% 

0.05% 
0.1 % 
0.15% 
0.2% 

16.87 D' 34.14 D' 48.19 D' 59.36 E' 

21.13 C' 52.43 C' 73.44 C' 80.25 D' 

23.02 B' 51.70 C' 72.98 C' 90.49 C' 

27.99 A' 70.03 B' 98.86 B' 100.32 B' 

28.20 A ' 75.38 A' 106.42 A' 111.55 A' 

 Means were represented as average of two seasons. 

 Means having the same letters within a column are not significantly different at 5% level 
 

Data in (Table 1) showed that combination 
between conventional fertilizers and nano-
fertilizers at (1g/seedling/week and 0.2% 
respectively) caused the highest increment and 
surpassed other treatments specially with zero 
dose of nano-fertilizers treatment which was near 
for the last grad between other treatments. This 
result found in 1

st
, 2

nd
 and 3

rd
 spraying of nano-

fertilizers and of course the same treatment 
surpassed all treatment at the end of growth 
season in it positive effect on seedling height 
increment %. Treating olive seedlings with 
(1g/seedling/ week + 0.15 % nano-fertilizers) 
came in the second rank between other 
treatments in its effect on percentage of height 
increment in three dates of spraying and in the 
end of growth season.   

Also, data in Table (1) indicated that the 
highest substitution percentage (75 %) of 
conventional fertilizers with nano-fertilizers at high 
dose (0.2%) came in the third rank of its effect on 
height increment. Moreover, combing foliar 
application with soil application increased 
efficiency of fertilizers program. Meanwhile, the 

lowest doses of conventional fertilizers without 
spraying nano-fertilizers recorded the lowest 
percentage of seedling height increment. Besides, 
data in (Table 1) showed that at the high and low 
levels of conventional fertilizers (1& 
0.25g/seedling/week), there was a linear trend 
when combined with spraying different levels of 
nano-fertilizers at three dates of spraying. While, 
combing nano-fertilizers at different levels with 
05g/seedling/week showed contradicting trend in 
its effect on the seedling height increment (%). 
Generally, applying conventional fertilizers (1, 0.5 
and 0.25 g/seedling/week), it was obviously that 
applying nano-fertilizers increased efficiency of 
fertilizer program which had been  reflected on 
clear trend of raising percentage of plant height 
increment and comparing with zero level of nano-
fertilizer. These results revealed that there is a 
possibility to substitute conventional fertilizers with 
nano-fertilizers and foliar application can be a 
complementary method and eco-friendly and an 
effective technique to raising efficiency of fertilizer 
program. 
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Effect of nano-fertilizers application on Leaf 
and root parameters in presence of 
conventional fertilizers: 

Leaf fresh weight (fresh and dry): 
Effect of different doses of conventional 

fertilizer on leaf fresh and dry weight, data in 
Table (2) indicated that, conventional fertilizer at 1 
g/seedling /week was more effective than 0.5 or 
0.25g/seedling/week whereas this concentration 
produced the highest values of fresh and dry 
weight (47.7 and 18.7 respectively). Also, data 
revealed that spraying nano-fertilizers at high level 
(0.2%) produced the highest value of leaf fresh 
and dry weight (47.7 and 19.8 respectively) 
comparing with other levels of nano-fertilizers (0, 
0.05, 0.1 and 0.15%). 

In regarding for interaction between soil 
application with conventional fertilizer at different 
levels (1, 0.5 and 0.25g/seedling/week) and foliar 
application with nano-fertilizers at different levels 
(0, 0.05, 0.1, 0.15 and 0.2 %), data in Table (2) 
revealed that, the highest value of leaf fresh and 
dry weight (50.59 and 21.1gm respectively) 
recorded with treatment (1g/seedling/week of 
conventional fertilizer + nano-fertilizer at 0.2%) 
comparing with other combinations. Also, data 
showed that leaf fresh weight has increased 
significantly with increasing nano-fertilizers doses 
at same level of conventional fertilizer (whether 1, 
0.5 or 0.25g/seedling/week). Moreover, nano-
fertilizer was more effective when applied with 
conventional fertilizer at (1gm/seedling/week) than 
the same levels of  nano-fertilizer at different dose 
of conventional fertilizer (0.5 or 
0.25g/seedling/week). In addition, dry weight had 
a clear trend under individually level (1, 0.5 and 
0.25 g/seedling /week) of conventional fertilizer, 
whereas dry weight increased with increasing 
dose of nano-fertilizer (0 to 0.2%). Mentioned 
results indicated that high level of conventional 
fertilizer was more effective on measure 
parameters of leaves than other concentrations 
and combing nano-fertilizers for fertilizer program 
increased its efficiency at all studied levels. 

Root parameters (fresh and dry weight and 
root length:  

From data in Table (2) it could be concluded 
that, increasing doses of conventional fertilizer led 
to increasing root parameters (fresh weight, dry 
weight and length). Also, the pattern had noticed 
with nano-fertilizer treatments and the highest 
values of root parameters (fresh weigh, dry weight 
and length) were recorded with nano-fertilizer at 

levels (0.2%). Moreover, nano-fertilizer enhanced 
all measured parameters of root at the same level 
of conventional fertilizer and the best results were 
produced when conventional fertilizers applied at 
high level (1g/seedling/week) combined with 
nano-fertilizer at (0.2%).   

The highest values of root fresh weight and 
dry weight were recorded with (1g/seedling/week 
of conventional fertilizer + 0.2% nano-fertilizer). 
Besides the highest length of root was recorded 
with treatment 1g/seedling/week conventional 
fertilizer + 0.2% nano-fertilizer) in comparison with 
other combinations. 

At same level of conventional levels, nano-
fertilizers had clear trend for root fresh weight, 
root dry weight and root length whereas, the trend 
was increased with increasing nano-fertilizer 
levels. 

Leaf nutrient content: 
Data in (Table 3) showed that the highest 

level of nitrogen and potassium were recorded 
with soil application at (1g/seedling/week) of 
conventional fertilizer. However, phosphorus 
didn’t have significant differences among levels of 
conventional fertilizer. 

In regard for effect of nano-fertilizer on leaf 
nutrient status, data in Table (3) revealed that 
levels of nitrogen and potassium in leaves were 
raised with increasing doses of sprayed nano-
fertilizer and higher results recorded with high 
concentration of nano-fertilizer (0.2%). Meanwhile, 
high level of phosphorus was recorded with 
applying nano-fertilizer at (0.2%) without 
significances differences with other concentrations 
of nano-fertilizer. These results revealed that, 
there was a capacity for absorption foliar fertilizer 
through leaves and increasing concentration of 
foliar fertilizer will have a positive reflection on 
nutrient status in leaf.  

In regarding for interaction between nano-
fertilizer as foliar application and conventional 
fertilizer as soil application, data in Table (3) have 
a clear trend. Treating olive seedlings with 
conventional fertilizer at (1g/seedling/week) 
gathering with nano-fertilizers at (0.2%) resulted in 
significantly increasing leaf nitrogen content in 
comparison with other combinations. Also, data 
had  the same  pathway in regarding for its effect 
on leaf potassium content, whereas the highest 
leaf potassium content produced with applying 
conventional fertilizers at (1g/seedling/week) in 
combination with nano-fertilizers at (0.2%) as 
foliar application.  
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Table (2): Effect of partial substitution conventional fertilizers with nano-fertilizers on Aggizi olive 
seedlings leaf and root parameters 

Treatment Leaf weight (gm) Root weight (gm) 
Root 

length (cm) 
Conventional 

fertilizer 
Nano-fertilizers 

Fresh weight 
(gm) 

dry weight 
(gm) 

Fresh root 
(gm) 

dry root 
(gm) 

1 

NPK nano 0% 42.37 e 17.54 cde 7.95 fgh 5.98 bc 15.5 bcd 

NPK nano 0.05% 45.48 d 17.69 cd 8.51 def 5.63 cd 15.5 bcd 

NPK nano 0.1 % 46.98 bc 17.74 cd 9.18 c 6.20 bc 16.5 abcd 

NPK nano 0.15% 47.73 b 18.25 cd 9.85 b 6.32 b 17.0 abc 

NPK nano 0.2% 50.59 a 21.10 a 10.68 a 7.09 a 18.0 a 

0.5 

NPK nano 0% 44.72 d 14.03 h 7.58 gh 3.53 g 13.0 ef 

NPK nano 0.05% 45.65 cd 14.38 gh 7.99 fgh 4.78 ef 14.8 cde 

NPK nano 0.1 % 45.66 cd 17.14 def 8.14 efg 5.19 de 15.8 abcd 

NPK nano 0.15% 46.94 bc 18.95 bc 8.33 b 5.68 bcd 16.2 abcd 

NPK nano 0.2% 46.98 bc 20.59 ab 8.88 cd 6.01 bc 17.9 ab 

0.25 

NPK nano 0% 38.39 g 11.71 i 7.43 h 2.48 h 11.8 f 

NPK nano 0.05% 40.87 f 15.69 fgh 7.98 fgh 3.77 g 14.2 de 

NPK nano 0.1 % 41.07 ef 15.83 efg 8.03 fgh 3.90 g 14.3 de 

NPK nano 0.15% 41.63 ef 17.89 cd 8.46 def 4.17 fg 14.3 de 

NPK nano 0.2% 45.57 d 17.77 cd 8.80 cd 4.06 g 15.2 cde 

Mean 
conventional 

fertilizer 

 
1 

 
47.7 A 

 
18.7 A 

 
9.6 A 

 
6.3 A 

 
16.8 A 

0.5 64.0 B 17.0 B 8.2 B 5.0 B 15.5 B 

0.25 41.5 C 15.8 B 8.1 B 3.7 C 14.0 C 

Nano-fertilizer 

0 
 

41.8 D' 
 

14.4 E ' 
 

7.7 C' 
 

4.0 D' 
 

13.4 C' 

0.05 44.0 C' 15.9 D' 8.2 BC' 4.7 C' 14.8 B' 

0.1 44.6 B'C' 16.9 C' 8.5 B' 5.1 BC' 15.5 B' 

0.15 45.4 B' 18.4 B' 8.9 AB' 5.4 AB' 15.8 B' 

0.2 47.7A' 19.8 A' 9.5 A' 5.7 A' 17.0 A' 

 

 Means were represented as average of two seasons. 

 Means having the same letters within a column are not significantly different at 5% level 
However, the trend entirely was changed in P 
case, whereas there were no remarkable 
differences to be recoded except nano-fertilizers 
enhanced P status in leaves under the same level 
of conventional fertilizers individually.  

Obtained results can supported by findings of 
Hagagg et al.,(2012) who reported that foliar 
application can be better way for raising efficiency 
of fertilizer programs which has a positive 
reflection on vegetative growth performance. Also, 
Mallarino et al., (2001) reported that, at early 
growth stages, foliar fertilization could increase N, 
P and K supplies at the time when the root system 
is not well developed. Also, current results which 
indicated for promoting effects of spraying nano-
fertilizers reported by several authors who worked 
on nan-fertilizers (Millan et al., 2008; Kottegoda et 
al,. 2011), they worked on Urea-coated zeolite 
chips and urea-modified hydroxyapatite 
nanoparticles as source for Nitrogen. They 
referred these induced effects of nano-fertilizers to 
increase ratio of surface to volume of nano-
fertilizes which reinforce the efficiency and role of 
these nano-fertilizers in metabolic processes 
(Chhipa, 2017).  Also, several researchers 

compared between fertilizers in both form 
(conventional form and nano-form) and stated that 
nano-fertilizers have positive effects on promoting 
growth of plants. Liu et al., (2004) mentioned Ca 
NP in nanoparticles as alternate of conventional 
Ca macronutrients caused 15% enhancement in 
biomass of Arachishypogeae. Moreover, they 
worked in 2014 on Ca and P hydroxyapatite as 
nanoparticles, results showed 20 and 33% 
increment in Glycine max seed yield in 
comparison with conventional phosphorus (Liu 
and Lal, 2014).Further, Delfani et al., (2014) 
developed Mg NP as alternate of Mg and 
measured 7% increment in Vignaunguiculata seed 
weight. 

On environmental level, Mustafa et al., (2011) 
foliar fertilization can reduce nutrient accumulation 
in soil, run-off and groundwater, whereas they 
contribute to salinity and with negative impact on 
environment. Moreover, applying nano-fertilizers 
reinforce decreasing environmental pollution 
through decreasing mineral fertilizers usage, this 
conclusion supported with what stated by Solanki 
et al., (2015) who stated that nano-tools (nano-
fertilizers) performed smart delivery  
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Table (3): Effect of partial substitution conventional fertilizers with nano-fertilizers on Aggizi olive 
seedlings leaf nutrients content. 

Treatments Leaf untried contents 

Conventional fertilizer 
doses (gm/seeding/week) 

Nano-fertilizers 
doses (ml/l) 

N % P % K % 

1 gm /seedling/week 

NPK nano 0% 1.18 bcd 0.104 a 0.94 bcd 

NPK nano 0.05% 1.18 bcd 0.110 a 0.98 bc 

NPK nano 0.1 % 1.22 bc 0.113 a 0.99 b 

NPK nano 0.15% 1.26 ab 0.113 a 1.01 b 

NPK nano 0.2% 1.34 a 0.122 a 1.07 a 

0.5 gm /seedling/week 

NPK nano 0% 1.07 def 0.106 a 0.94 bcd 

NPK nano 0.05% 1.01 f 0.110 a 0.96 bc 

NPK nano 0.1 % 1.14 cde 0.118 a 0.98 bc 

NPK nano 0.15% 1.22 bc 0.120 a 0.98 bc 

NPK nano 0.2% 1.23 bc 0.122 a 1.01 b 

0.25 gm /seedling/week 

NPK nano 0% 1.00 f 0.105 a 0.81 e 

NPK nano 0.05% 1.15 bcde 0.106 a 0.90 d 

NPK nano 0.1 % 1.15 bcde 0.114 a 0.92 cd 

NPK nano 0.15% 1.06 ef 0.119 a 0.97 bc 

NPK nano 0.2% 1.05 ef 0.127 a 1.00 b 

Mean of chemical fertilizer 
1 gm /seedling/week 

0.5 gm /seedling/week 
0.25 gm /seedling/week 

 
1.24 A 

 
0.112 A 

 
1.00 A 

1.13 B 0.115 A 0.97 A 

1.08 C 0.114 A 0.92 B 

Mean of spraying NPK Nano 
0% 

0.05% 
0.1 % 
0.15% 
0.2% 

 
1.08 B' 

 
0.105 C' 

 
0.90 C' 

1.11 B' 0.109 C' 0.95 BC' 

1.17 A' 0.115 B' 0.96 B' 

1.18 A' 0.117 B' 0.99 AB' 

1.21 A' 0.124 A' 1.03 A' 

 

 Means were represented as average of two seasons. 

 Means having the same letters within a column are not significantly different at 5% level
 
and can be utilized as remediating eco-

balance, soil degradation, and environmental 
pollution. Besides, reducing amount of mineral 
fertilizer will have a positing impact on soil-
microorganisms activity Also, using nan-fertilizers 
has another demission related to economic impact 
through reduces the amount and consequences 
cost of fertilizer and pesticide expense 
(Mukhopadhyay 2014). 

CONCLUSION 
Combination conventional fertilizers with 

nano-fertilizers can raise the efficiency of fertilizer 
program. Nano-fertilizers can lead to reducing 
environmental pollution through decreasing usage 
amount of mineral fertilizers. Nano-fertilizers have 
a promising   future. More studies should be 
conducted in order to clarify the importance of 
nano-fertilizers in enhancing crop production and 
quality especially under poor conditions of soil and 

water also, to study its impact on environment and 
remediation of degraded soil. 
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