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       A laboratory incubation experiment and pot experiment were conducted at Agricultural Research 
Center at Giza, Governorate to investigate the effects of hydroxyapatite nanoparticles (HANPs) and 
superphosphate fertilizers on soil phosphorus fractions under three types of soils. As well as their effect 
on dry weight, concentration and uptake of phosphorus of maize plants under different soil type. 
Laboratory and pot experiments were carried out during summer season 2018. In incubation experiment, 
phosphorus was added at two levels (40 and 80 mg kg-1) and soil samples were taken at five time 
intervals (1, 15, 30, 60 and 90 days) and analyzed for phosphorus fractions using extraction procedure. 
Results of this study showed that, the distribution of phosphorus among each fraction in studied soils 
followed the order of HCl-P (Ca-bound)< Olsen-P (available-P) < NH4Cl-P(loosely sorbed P) < NaOH-P 
(Fe- and Al-bound). The content of all phosphorus fractions were higher with application of nano fertilizer 
compared to superphosphate and decreased gradually with the increase of incubation time. From the 
obtained results in our studies we can arrange the p fraction according to the percent of the relative 
decreased with incubation time as follows NaOH-P< NH4Cl-P< HCl-P< Olsen-P in sandy soil. But, in 
calcareous soil taken the follows order Olsen-P < NH4Cl-P< NaOH-P< HCl-P.As for, clay soil the percent 
of the relative decreased as follows NH4Cl-P< Olsen-P < NaOH-P< HCl-P. Multiply correlation coefficient 
and multiply regression equation showed that phosphorus fractions content were negative correlated 
with time of incubation and positively correlated with rate of phosphorus. The pots experiment showed 
that relative increased in dry weight, concentration and uptake of phosphorus of maize plants were 
31.7% , 25.1%, 21.7% and 18.2%, 44.9 %, 35.9 % with application of nano (mean of three type of nano 
fertilizers) and superphosphate fertilizer compared to control treatment, respectively. The relative 
increased in dry weight, concentration and uptake of phosphorus of maize plants grown in clay and 
calcareous soil compared to those grown in sandy soil were 30.4, 46.4 and 63.5% for clay soil and were 
10.9, 34.8 and 42.9% for calcareous soil, respectively. The available phosphorous content in soil after 
harvest of maize plants is much higher with nano fertilizer treatment than both of superphosphate and 
control soil. The relative increased in available phosphorus as application of nano fertilizer and 
superphosphate compared to control treatment were 43.7 and 28.8% for sandy soil, while were 31.5 and 
14.6% for calcareous soil and reach about 36.0 and 18.9%  for clay soil, respectively.  
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INTRODUCTION 
Phosphorous (P) plays the same chemical 

and biochemical role in plants as it does in all 
other living things. It is considered to be involved 
in energy transport for cellular metabolism and is 
a structural component of cell membranes and 
nucleic acids (Wiedenhoeft, 2006).  

To determine the (P) Phosphorus state in the 
soil as well as to study the chemistry and genesis 
of the soil, phosphorous fractionation (P) can be 
used, which is a viable technique (Chang and 
Jackson, 1957; Cross and Schlesinger, 1995). To 
understand the chemical properties of soil that 
affect soil fertility and environmental quality, 
phosphorous fractions can be used as their 
indicator to assess phosphorous status in soil. 
Since 1957 the fractionation of soil with 
phosphorus has been studied and it has 
subsequently been applied to soils and sediments 
to overcome the limited information that a total 
phosphorous analysis of soil can provide (Zhou et 
al. 2001). 

When the soil pH is between 6.0 and 6.5 P is 
generally available for plants. The probability of 
phosphorous deficiency increases for most crops 
when the soil pH is > 6.0, as phosphate ions are 
easily deposited with mineral cations, forming a 
group of phosphate minerals. Soil pH controls the 
type of mineral formed because it controls the 
occurrence and abundance of those mineral 
cations that precipitate with phosphorous ions in 
Soil solution, namely Ca, Fe, and Al. Hence, in 
neutral to alkaline soils, phosphorous ions such as 
calcium phosphorous (Ca-P) will precipitate: 
dicalcium or octacalcium phosphate, hydroxyl 
apatite and the least soluble apatite at the end 
(Hinsinger, 2001).  

 Generally, commercially available P fertilizers 
such as MAP (monoammonium phosphate, 
NH3H2PO4), DAP (diammonium phosphate, 
(NH3)2HPO4), or TSP (Triple Superphosphate, 
Ca(H2PO4)2) are water soluble phosphate salts, 
which are easily dissolved in the soil solution and 
available for plant uptake, and thus, are regarded 
as high quality fertilizers (Fageria, 2009). 
However, these soluble phosphates are also very 
mobile in the soil and large portion often ends up 
in surface-water bodies through runoff or 
seepage, causing eutrophication. On the other 
hand, solid forms of P (e.g., a variety of naturally-
occurring phosphate rocks, apatites, Ca5 (PO4)3X, 
(X= F, Cl, Br, or OH) have also been attempted as 
P fertilizers (Fageria, 2009) where the phosphate 
is locked in a solid form and is less easily 
available to the alga and also less easily being 

transported by soil erosion or runoff. However, 
these solids are less effective in providing nutrient 
P at the critical time (when the plants are in need) 
(Fageria, 2009). In addition, the large particle size 
of solid phosphate impedes the use in agriculture, 
which limits the movement of phosphates in the 
soil and thus prevents the phosphate from 
reaching the root zone and taking care of the 
crops in time. Nanoparticles of apatite can be 
effective in providing phosphorous nutrients as the 
commonly used soluble phosphorous fertilizer 
while minimizing the risk of secondary 
contamination (such as eutrophication). Using 
nano-sized solid phosphorous as a fertilizer would 
be a good compromise between agricultural 
benefits and environmental risks. Specifically, due 
to the size of the nanoparticles that have the 
same movement in soil columns as an aqueous 
solution, they easily reach the root areas by 
conventional methods (such as irrigation or 
spraying).Moreover, the nanoparticles are 
environmentally benign because phosphorous in a 
solid form is less bioavailable to algae than that in 
soluble forms. (Childers,et al.2011). Soil scientists 
as well as environmentalists are interested in 
nano fertilizer, due to its ability to reduce pollution, 
improve soil fertility, increase yields and create a 
favorable environment for microorganisms 
(Ahmed et al. 2012). Also, nano fertilizers have a 
great effect on soil because nanofertilizers can 
reduce the frequency of fertilizer application and 
reduce soil toxicity (Naderi and Danesh-Shahraki, 
2013). Also, Xiong et al. (2018) reported that, 
Hydroxyapatite nanoparticles (HA-NPs) have 
recently been proposed as novel phosphorus (P) 
fertilizer that not only minimize adverse 
environmental impacts but also provide increased 
efficiency through controlled release. 

The objectives of this research were (i) to 
evaluate effects of phosphorous fertilizer 
(nanoparticles phosphorus and superphosphate 
fertilizer) on P fractions, (ii) to investigate the 
effect of incubation time on the transformations 
among soil P fractions in different type of soils. (iii) 
The effect of nano and superphosphate fertilizer 
on dry weight, concentration and uptake of 
phosphorus of maize plants under different soil 
type. 
  
MATERIALS AND METHODS 

Synthesis of hydroxylapatite nanoparticles 
All preparation procedures and 

characterization of hydroxyapatite nanoparticles 
(HANPs) were done at the Nanotechnology 
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&Advanced Materials Central Lab, ARC, Giza, 
Egypt. Hydroxyapatite nanoparticles (HANPs) 
prepared synthesized via wet-chemical 
precipitation method as described by Bianco et al. 
(2007)." In the present work, calcium ions react 
with phosphate ions based on a molar ratio of 
Ca/P = 1.67, calcium hydroxide was dissolved in 
deionized water (Milli-Q, Millipore, USA) under 
vigorously stirred at 1000 rpm/min for 12 h at 25 
°C. The prepared orthophosphoric acid solution 
was slowly added drop wise into the stirring 
suspension of calcium hydroxide". 
Hydroxylapatite- carboxymethyl cellulose 
nanoparticles (HA-CMC -NPs) was prepared 
according to Liu and Lal (2014). The 
carboxymethyl cellulose (CMC) aqueous solution 
1% and 2% w/v was prepared by dissolving CMC 
in deionized water at room temperature, 1% CMC 
used for preparation nano2 and 2% CMC used for 
preparation nano3. Subsequently, calcium 
hydroxide solution (0.5M) was added dropwise to 
CMC solution under vigorous stirring for 12 h, 
then phosphate solution (0.3M) was dropwise 
added to the mixture under constantly stirring, and 
then kept for aging for 24 hours.  

Physical, Chemical and Morphological 
Characterization of hydroxylapatite 
nanoparticles 

        The formation process of HA crystal was 
investigated by X-ray diffraction (XRD, X’pert Pro, 
PanAnalytical, Netherlands) in the 2θ range 0° to 
80° using CuKα1 radiation (λ=1.54056 Å) at 40 kV 
and 30 mA. The obtained diffraction pattern was 
interpreted by the standard ICCD library installed 

in PDF4 software. The morphology and size 
distribution of the synthesized HA powders was 
characterized with a transmission electron 
microscope (HR-TEM, Tecnia G20, FEI, 
Netherlands), operating at 80 kV. An aspect ratio 
can be defined by the ratio length/width of the HA 
nanocrystals. Diluted HA nanoparticles solution 
was ultra-sonicated for 5 min to reduce the 
particles aggregation.  Using micropipette, three 
drops from the sonicated solution were deposited 
on carbon coated-copper grid and left to dry at 
room temperature. HR-TEM images of the HA 
nanoparticles that deposited on the grid were 
captures for morphological evaluation.  

incubation and pot experiments 
      Three surface soil samples (0 - 30 cm 

depth) were collected represent a wide range of 
physical and chemical characteristics, first one 
from Ismailia Agric. Res. Station, Ismailia 
Governorate represent sand soil, second one from 
EL-Nubaria area El-Behira Governorate, 
represent calcareous soil and the third sample 
from Agric. Res. Station at Giza, Governorate, 
represent clay soil . Some soils physical and 
chemical properties were analysis according to 
the standard methods (Jackson, 1967) (Table 1). 

The modified Hieltjes and Lijklema (1980) 
methodology was used to analysis the 
concentrations of P fractions (NH4Cl-P, NaOH-P, 
and HCl-P) in soils. A detailed scheme for the 
extraction of different P fractions is presented in 
Table (2). In this scheme three single-step 
leaching procedures applied to the sub-samples 
are shown.  

Table 1: some physical and chemical properties of soils under 
                                              Investigation 

 
Parameters Sandy soil Calcareous soil Clay soil 

pH 8.10 8.25 7.79 

SP (%) 23.5 38.5 56.8 

EC (dS/m) 2.92 3.24 2.66 

 Soluble ions (meq/L) 

Ca++ 9.5 9.5 11.5 

Mg++ 10.5 7.5 8.5 

Na+ 7.4 13.4 5.1 

K+ 1.25 1.34 0.72 

HCO-
3 3.5 4.0 5.4 

Cl- 11.5 22.0 10.5 

SO—
4 13.65 5.74 9.92 

CaCO3 (%) 2.4 32.9 4.22 

OM (%) 0.29 1.2 2.14 

Sand (%) 84.2 55.0 25.5 

Slit  (%) 8.9 15.7 33.7 

Clay (%) 6.9 29.3 40.8 

Texture Sandy Sand clay  loamy loamy clay 
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Table 2: Fractionation technique of Hieltjes and Lijklema scheme 

                                           (1980). 

Fraction Solution ext. Soil (g) 
Solution 

 (mL) 
Conditions 

(HCl-P 0.5 M HCl 0.1 5.0 24 h room temp. 

NH4Cl-P 1 M NH4Cl 1.0 10.0 Shaking 2 h room temp. 

NaOH-P 0.1 M NaOH 1.0 10.0 Shaking 17 h room temp. 

Olsen-P 0.5 M NaHCO3 2.5 50.0 Shaking for 30min. 

 
Table 3: Initial concentration (mg/kg) of phosphorus fraction in 

                                             Different soils under studied. 
 

Type of soil HCl-P NaOH-P NH4Cl-P Olsen-P 

Sandy 70.4 1.53 2.17 7.0 

Calcareous 412.5 2.08 2.92 13.2 

Clay 810.5 3.83 4.72 16.0 

 
Soil samples were subjected to separate 

chemical extraction with 1 M NH4Cl (2 h) to 
remove loosely sorbed P (NH4Cl-P), 0.1 M NaOH 
(17 h) for no occluded Al and Fe bound P and P 
adsorbed on mineral surfaces (NaOH-P), and 0.5 
M HCl (24 h) for P precipitated as poorly soluble 
Ca phosphates mainly lithogenic apatite (HCl-P), 
0.5 M NaHCO3 (30min) for available phosphorous 
(Olsen-P).The concentration of soluble reactive P 
was measured from the supernatant according to 
Murphy and Riley (1962). The percent 
phosphorus recovered was calculated using the 
formula   as mentioned by Sina et al. (2019). 

The percent P recovered was calculated using 
the formula 

%P recovery = ( Px -Po) / PI )×100 . 
Where Px was P in the X the fraction of P 

treatment, Po was P in the o the fraction of the 
initial no P treatment (i.e. where no P was added), 
while PI was the applied P level. 

The Initial concentration of phosphorus 
fraction in different studied soils is presented in 
Table (3). 

Incubation Experiment 
The experiment was carried out using four 

treatments three of them represent nanoparticles 
phosphorus fertilizer (different in content of 
carboxy methyl cellulose, CMC) and 
superphosphate fertilizer with two rate 40 and 80 
mg P/kg soil . Each treatment was replicated three 
times.200g of soil samples with phosphorus 
treatments were incubated at field capacity for 1, 
15, 30, 60 and 90 days, at room temperature in 
500-mL cups with perforated lids to allow for gas 
exchange.The cups were irrigated to reach of field 
capacity with distilled water. Each cup was 

weighed every 3 days and the weight loss was 
replaced by the addition of distilled water. Soil 
samples of each treatment were taken after 1, 15, 
30, and 60 and 90 days then were analyzed using 
the modified  phosphorus fractionation technique 
according to Hieltjes and Lijklema scheme (1980) 
and available phosphorous in soil Olsen et al. 
(1954) 

Pot experiment 
      The pot experiment was carried out under 

greenhouse conditions at Agricultural Research 
Center, during the summer season to investigate 
the effect of nano and superphosphate fertilizer on 
dry weight and phosphorus uptake of maize plants 
under different soil type. Forty-five plastic pots 
were packed with 10 kg air dried soil for each one; 
represent the three different types of soils under 
studies (fifteen pots for every soil).Each pot 
(except the nano treatments which received equal 
dose for phosphorus fertilizer as nano forms) 
received the recommended doses of basic 
fertilizers (calcium superphosphate (15% P2O5), 
potassium sulfate (48 % K2O) at rates of 30 kg 
fed.-1 and 48 kg fed.-1, respectively, and 
ammonium nitrate (33.5% N) was added at rate of 
120 kg N fed.-1,)  While, the rest of 3 pots were 
kept as control from each soils without  
phosphorus fertilizer. Each pot was sown with 10 
seeds of Maize (Zea mays L.) plants var (SC168), 
then thinned to 3 plants/pot after complete 
emergence. The experiment was laid out in a 
randomized block design with three replicates for 
each treatment. After 70 days from planting, the 
plants were harvested and oven-dried at 70◦C for 
72 hours. Dry matter of plants (g/pot) were 
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recorded, then finely ground and thereafter kept 
for their nutrients chemical analysis. 

Soil analysis: 
available phosphorous in soil determined  

according to Olsen et al., (1954). 

Plant analysis: 
 0.5gm of ground plant sample of each pot 

was wet digested using a mixture of concentrated 
sulphric and perchloric acids. Phosphorus was 
determined calorimetrically according to Holman 
and Elliot (1982).                                                                                                          

Statistical analysis:- 
All obtained data were subjected to the 

statistical analysis of variance (ANOVA) using 
least significant difference (L.S.D. at 0.05 level) 
according to Snedecor and Cochran (1980).   
 
RESULTS AND DISCUSSION  

Characterization of synthesized  
hydoxylapatite  nanoparticles. 

X-Ray diffraction (XRD) 
X-ray diffraction patterns of as-synthesized 

calcium phosphates are shown in Fig. 1. XRD 
spectra obtained have characteristic peaks 
consistent with the International Centre for 
Diffraction JCPDS files number 04-010-6311 files 
for HA.  HA NPs exhibited several signals at 2θ = 
25.86, 28.77, 31.62, 32.11, 32.71, 33.97, 39.57, 
46.5 and 49.36, corresponding to the diffraction 
planes (0 0 2), (1 2 0), (1 2 1), (1 1 2), (3 0 0), (2 0 
2), (1 3 0), (2 2 2), and (2 1 3), respectively.  

 

 
Figure 1: XRD patterns of hydroxyapatite (HA) 
                powders synthesized, HA+1%CMC 
                and HA+2%CMC 

The presence of the amorphous component, 
CMC, did not significantly affect the XRD peak 
locations, suggesting that CMC macromolecules 

produced no drastic changes in the structure of 
the HA and that the interactions were so weak 
that there were no new products formed. 

Transmission electron microscopy (TEM) 
      Transmission electron microscope (TEM) 
gave us information on the particle shape and the 
determination of particle size. A typical TEM 
micrograph of the HANPs was shown in figure 2. 
The HA nanoparticles have needle-like shape with 
a width less than 13-15 nm and a length about 
30–54 nm, the HA-CMC nanoparticles appeared 
nearly spherical with average size of 51 nm. 

 
Figure 2: TEM image of HANPs. 

Phosphorus fractions in sandy soil as affected 
by incubation period and phosphorus fertilizer 
treatments. 

The results presented in Table (4) show that, 
the extracted P fractions increased significantly 
with increasing P application rates in sandy soil 
but decreased significantly with increasing 
incubation periods. This harmony with Doula et 
al.(1996) and Santner et al.(2014) who reported 
that during the first 60 days in the sandy soil a fair 
amount of soluble P added to a soil is usually 
adsorbed and precipitated rapidly and that the 
concentrations in solution continue to decline 
slowly over a period of time. 

Effect of phosphorus fertilizer types on P 
fraction in sandy soil. 

 The differences in the HCl-P fraction from the 
different fertilizer application were high and often 
significant. Nano fertilizer (mean of three type of 
nano fertilizer) had significantly higher HCl-P 
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content than superphosphate at the two rates of P 
additions at the last three intervals (30, 60 and 90 
days). The relative increased of HCl-P fraction 
with application of nano fertilizer compared to 
superphosphate application were 2.9, 20.6 and 
18.8 % at 30, 60 and 90 days, respectively. This 
means that the nano fertilizer rest in soil caused 
higher content of phosphorus compared to 
superphosphate.  

NaOH-P content was higher with application 
of nano fertilizer compared to superphosphate in 
all incubation period. Application of nano fertilizer 
caused relative increased in NaOH-P content 
were 17.6, 28.7, 26.6, 20.9 and 49.1%   at 1, 15, 
30, 60 and 90 days of incubation period compared 
to superphosphate, respectively. 

 NH4Cl-P fraction was significant higher in soil 
amendments with nano fertilizer compared to 
superphosphate application. The relative 
increased in NH4Cl-P fraction were 10.6, 16.9, 
10.9, 12.3 and 11.9% with using  nano fertilizer 
compared to superphosphate at 1, 15, 30, 60 and 
90 days of incubation period, respectively. 

 For Olsen-P fraction, no significant deference 
was shown between nano fertilizer and 
superphosphate. The contribution of added P from 
fertilizer treatments to the soil Olsen-P fraction 
was small, and the differences among fertilizer 
treatments were negligible.  

Effect of incubation time on P fractions in 
sandy soil. 

The effect of incubation time on P distribution 
into various fractions varied with type of fertilizers. 
The four fractions of P (HCl-P, NaOH-P, NH4Cl-P 
and Olsen-P) were decreased gradually with the 
increase of incubation time. The relative 
decreased in HCl-P fraction were 9.4, 22.7, 42.6 
and 63.9% at 15, 30, 60 and 90 days of incubation 
period as compared to 1 day of incubation time, 
respectively. While the relative decreased in 
NaOH-P fraction were 54.5, 90.2, 133.4 and 
210.2% at 15, 30, 60 and 90 days of incubation 
period as compared to 1 day of incubation time, 
respectively. With regard to NH4Cl-P fraction the 
relative decreased were 23.1, 63.5, 104.3 and 
127.3% at 15, 30, 60 and 90 days of incubation 
period as compared to 1 day of incubation time, 
respectively. As for, Olsen-P fraction the relative 
decreased were 8.5, 12.9, 16.7 and 42.7% at  15, 
30, 60 and 90 days of incubation period as 
compared to 1 day of incubation time, 
respectively. Agbenin and Tiessen (1995) stated 
that applied 400 mg of P kg−1 of soil and found 
that the amount of extractable P declined steadily 

over 960 to 1200 h. And that in a study conducted 
on five soils from the semi-arid part of northeast 
Brazil to investigate the time-dependent P 
sorption and transformation. The results further 
confirmed that all the P fractions were higher at 
post incubation period than the initial stage of 
incubation indicating that the applied P has got 
transformed into all the P inorganic fractions. This 
was corroborated with the results of Prasad and 
Power (1997).From the obtained results in our 
studies we can arrange the p fraction according to 
the percent of the relative decreased with 

incubation time as follows NaOH-P< NH4Cl-P< 

HCl-P< Olsen-P. Similar result obtained by 

Liscano et al.,(2000) who found that nano 
particles show a very high surface volume ratio. 
Particle surface area increases with decreasing 
particle size and the surface free energy of the 
particle is a function of its size. Thus, the reactive 
surface area is proportionally over-represented in 
nano particles compared to larger particles.  

Effect of fertilizer rates on P fractions in sand 
soil. 

There was an effect of fertilizer P rate on the 
various P fractions in soils, as all fractions of P 
increased with increasing rate of fertilizer. 
Phosphorus in the HCl-P, NaOH-P, NH4Cl-P and 
Olsen-P fractions increased significantly above 
the control with increasing rates of P additions 
from various fertilizer treatments (Table, 4). The 
relative increased in HCl-P fraction with 
application of nano fertilizer compared to control 
(initial soil) were 28.9 and 36.4% at 40 and 80 mg 
kg-1 of fertilizer rates. While application of 
superphosphate fertilizer caused relative 
increased recorded 23.6 and 35.8% at 40 and 80 
mg kg-1 of fertilizer rates compared to control. The 
proportion of P in the NaOH fraction increased 
with application rate of fertilizer P as nano fertilizer 
with a corresponding increase reach about 50.0 
and 59.6% at 40 and 80 mg kg-1 of fertilizer 
compared to control. While application of 
superphosphate fertilizer caused relative 
increased recorded 34.9 and 43.5% at 40 and 80 
mg kg-1 of fertilizer rates compared to control. P in 
the NH4Cl fraction increased by 70.1 and 76.4% 
with application nano fertilizer at rates 40 and 80 
mg kg-1, however, a commensurate increase 
showed with superphosphate application by 65.9 
and 72.9% at 40 and 80 mg kg-1 compared to 
control, respectively. The corresponding values of 
increase of Olsen-P fraction were 62.9 and 67.9 
% with nano fertilizer application compared to 
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control at 40 and 80 mg kg-1, while application of 
superphosphate fertilizer caused relative 
increased recorded 61.3 and 66.3 % at 40 and 80 
mg kg-1 compared to control, respectively. 

Multiply correlation coefficient (R2) and 
multiply regression equation between phosphorus 
fractions in the sand soil (y) and time of incubation 
(x1), rate of phosphorus (x2) are summarized in 
Table (5). The best parameter models for HCl-P 
which was negative correlated with time of 
incubation and positively correlated with rate of 
phosphorus , with Factor of variables x1 = - 0.812 
and x2 = 0.326, with significant multiply correlation  
(R = 0.89**), respectively. While, NaOH-P was 
negative correlated with time of incubation and 
positively correlated with rate of phosphorus, with 
Factor of variables x1 = - 0.047and x2 = 0.016, 
with significant multiply correlation (R = 0.74**), 
respectively. Also, NH4Cl-P was negative 
correlated with time of incubation and positively 
correlated with rate of phosphorus, with Factor of 
variables x1 =- 0.101 and x2 = 0.101, with 
significant multiply correlation (R = 0.81**), 
respectively. As for, Olsen-P was negative 
correlated with time of incubation and positively 
correlated with rate of phosphorus, with Factor of 
variables x1 =- 0.106 and x2 = 0.073, with 
significant multiply correlation (R = 0.90**), 
respectively. We can conclude that HCl-P fraction 
affected higher by time and rate compared to 
other fractions. 

The percentage P recovery of HCl-P fraction 
in sandy soil reach about 124.5 and 83.3% for the 
40 and 80 mg P kg-1 treatments after 1 day and 
only 10.7 and 14.6% after 90 days of incubation. 
The percentage P recovery of NaOH-P fraction 
reach about 7.9 and 5.7% for the 40 and 80 mg P 
kg-1 treatments after 1 day and became less 
than1.0% after 90 days of incubation. The 
percentage P recovery of NH4Cl-P fraction 
recorded 21.0 and 13.7% for the 40 and 80 mg P 
kg-1 treatments after 1 day and only 5.9 and 4.7% 
after 90 days of incubation. While, The 
percentage P recovery of Olsen-P fraction reach 
about 36.1 and 22.1% for the 40 and 80 mg P kg-1 
treatments after 1 day and only 20.8 and 12.4% 
after 90 days of incubation, respectively. 

Phosphorus fractions in calcareous soil as 
affected by incubation period and phosphorus 
fertilizer treatments.    

     The results in Table (6) showed that the 
superior of nano fertilizer (mean of three type of 
nano fertilizer) compared to superphosphate in 
content of HCl-P fraction in calcareous soil. The 

relative increased of HCl-P fraction with 
application of nano fertilizer were 2.7, 7.0, 11.9 
and 13.6% compared to superphosphate at 15, 
30, 60 and 90 days of incubation period. 

  No significant difference was showed in 
NaOH-P content between nano fertilizer and 
superphosphate at any incubation period. 

     The first three intervals of incubation 
showed an increased in NH4Cl-P fraction content 
with application of superphosphate compared to 
nano fertilizer but in the last two intervals of 
incubation showed an opposite trend. 

  Olsen-P fraction was significant higher in soil 
amendments with nano fertilizer compared to 
superphosphate application. The relative 
increased in Olsen-P fraction were 12.1, 11.1, 7.8, 
26.9 and 30.9% with using  nano fertilizer 
compared to superphosphate at 1, 15, 30, 60 and 
90 days of incubation period, respectively.  

Effect of incubation time on P fractions in 
calcareous soil. 

    After 90 days of incubation time, the HCl–P 
fraction remained the most dominant fraction in 
calcareous soils (Table, 6) and decreased 
markedly within the incubation time. The relative 
decreased in HCl-P fraction were 13.6, 23.5, 33.9 
and 44.8% at 15, 30, 60 and 90 days of incubation 
period as compared to 1 day of incubation time, 
respectively. The percentage contributions in 
NaOH-P fraction generally decreased with the 
increasing incubation periods and reach to 
climaxing after 90 days. While the relative 
decreased in NaOH-P fraction were 15.4, 51.3, 
60.4 and 77.7% at 15, 30, 60 and 90 days of 
incubation period as compared to 1 day of 
incubation time, respectively. NH4Cl-P fraction 
contributed just a small part of the total soil P pool 
and the relative decreased were 24.2, 60.0, 71.3 
and 92.4% at  15, 30, 60 and 90 days of 
incubation period as compared to 1 day of 
incubation time, respectively. The contributions of 
Olsen-P as fraction of the total extracted soil P 
were generally high compared to NaOH-P and 
NH4Cl-P fractions for calcareous soil. The relative 
decreased on Olsen-P fraction were 29.0, 57.3, 
68.5 and 111.4% at 15, 30, 60 and 90 days of 
incubation period as compared to 1 day of 
incubation time, respectively.Javid and Rowell 
(2002) concluded that a rapid decrease in Olsen-
P would occur in the field over the times involved 
between the application of fertilizer P and 
subsequent crop demand and for the strongly 
adsorbing soils a large proportion of the added P 
can rapidly become non-extractable. Also, found 
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that between 45 and 80% of the Olsen-P was no 
longer extractable after 2400 h at 25 °C. From the 
obtained results we can arrange the p fraction 
according to the percent of the relative decreased 
in calcareous soil under studies as follows Olsen-

P < NH4Cl-P< NaOH-P< HCl-P. Jalali and 

Ranjbar (2010) reported that due to higher sorting 
capacities of calcareous soils. Large amount of 
water soluble phosphate was converted to 
relatively less soluble compounds within a short 
time. Jalali (2006) found that after 2160 h of 
incubation in four calcareous soils 79% of added 
P was no longer extractable.That the use of nano 
fertilizer leads to an increased efficiency of the 
micro and macro elements, reduces the toxicity of 
the soil and reduces the frequency of application 
of conventional fertilizers (El-Ramady, 2014). 

Effect of fertilizer rates on P fractions in 
calcareous soil. 

 The effect of fertilizer rates was significant at 
the two P application rate. The proportion of P in 
fractions increased with application rate of 
fertilizer P from 40 to 80 mg kg-1 with a 
corresponding increase of HCl-P fraction reach 
about  8.3, 6.2, 5.3, 6.7 and 5.8% at 1, 15, 30, 60 
and 90 days of incubation period, respectively 
with nano fertilizer. While superphosphate 
fertilizer application at rate of 40 compared to 80 
mg kg-1caused relative increased recorded 7.4, 
7.5, 6.2, 10.2 and 5.1 at 1, 15, 30,60 and 90 days 
of incubation period, respectively. There was little 
or no change in the NaOH-P fraction with 
application rate. However, the relative increased 
in NaOH-P fraction with application of nano 
fertilizer at rate of 40 compared to 80 mg kg-1  
were 11.5, 9.8, 7.1, 15.6 and 16.2% at 1, 15, 30, 
60 and 90 days of incubation period, respectively. 
While application of superphosphate fertilizer at 
rate of 40 compared to 80 mg kg-1caused relative 
increased recorded 4.9, 5.5, 7.1, 18.0 and 25.0% 
at 1, 15, 30, 60 and 90 days of incubation period, 
respectively. The changes in the NH4Cl fraction 
with high rate of fertilizer compared to low rate 
were 6.7, 5.9, 6.3, 11.4 and 11.8% with nano 
fertilizer, while were 11.3, 14.1, 7.1, 8.3 and 
17.6% with superphosphate fertilizer at 1, 15, 30, 
60 and 90 days of incubation period, respectively. 
The result indicated that there is commensurate 
increase in Olsen-P fraction with 40 mg kg-1 
application of fertilizer compared to 80 mg kg-1 
and this trend was more reinforcement with nano 
fertilizer. The relative increased in Olsen-P 
fraction with application of nano fertilizer at rate of 

40 compared to 80 mg kg-1  were 12.3, 12.2, 11.8, 
12.7 and 8.9% at 1, 15, 30, 60 and 90 days of 
incubation period, respectively. While application 
of superphosphate fertilizer at rate of 40 
compared to 80 mg kg-1caused relative increased 
recorded 3.3, 7.8, 4.1, 7.3 and 4.2% at 1, 15, 30, 
60 and 90 days of incubation period, respectively. 
This difference was possibly due to the P fixation 
abilities of the calcareous soils. 

 Multiply correlation coefficient (R2) and 
multiply regression equation between phosphorus 
fractions in the calcareous soil (y) and time of 
incubation (x1), rate of phosphorus (x2) are 
summarized in Table (7). The best parameter 
models for HCl-P which was negative correlated 
with time of incubation and positively correlated 
with rate of phosphorus , with Factor of variables 
x1 = - 2.97 and x2 = 0.934, with significant 
multiply correlation  (R = 0.86**), respectively. 
While, NaOH-P was negative correlated with time 
of incubation and positively correlated with rate of 
phosphorus, with Factor of variables x1 = - 
0.037and x2 = 0.011, with significant multiply 
correlation  (R = 0.85**), respectively. Also, 
NH4Cl-P was negative correlated with time of 
incubation and positively correlated with rate of 
phosphorus, with Factor of variables x1 =- 0.071 
and x2 = 0.017, with significant multiply correlation 
(R = 0.73**), respectively. As for, Olsen-P was 
negative correlated with time of incubation and 
positively correlated with rate of phosphorus, with 
Factor of variables x1 =- 0.372 and x2 = 0.091, 
with significant multiply correlation (R = 0.80**), 
respectively. We can conclude that HCl-P fraction 
affected higher by time and rate compared to 
other fractions.Whence the effect of incubation 
time was more pronounced than the effect of 
fertilizer rate. The NaOH-P fraction was the low 
influence with both the incubation time and rate of 
fertilizer.  

The percentage P recovery of HCl-P fraction 
in calcareous soil reach about 537 and 345% for 
the 40 and 80 mg P kg-1 treatments after 1 day 
and decreased gradually to reach only 66.7 and 
66.5% after 90 days of incubation. The 
percentage P recovery of NaOH-P fraction reach 
about 6.8 and 4.1% for the 40 and 80 mg P kg-1 
treatments after 1 day and became only 1.97 and 
0.99% after 90 days of incubation. The 
percentage P recovery of NH4Cl-P fraction 
recorded 17.7 and 9.9% for the 40 and 80 mg P 
kg-1 treatments after 1 day and only 5.3 and 3.6% 
after 90 days of incubation. While,  
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Table 4: Phosphorus fractions in sandy soil as affected by incubation 
                                        period and phosphorus fertilizer treatments. 
 

Treatments of 
phosphorus 
fertilizer (T) 

Incubation 
time 

(days)(I) 

Phosphorus fractions (mg/kg) 

HCl-P NaOH-P NH4Cl-P Olsen-P 

Applied phosphorus fertilizer (mg/kg)(A) 

40 80 40 80 40 80 40 80 

Nano (1) 
 

1 
 

121.0 135.0 5.20 7.70 12.75 15.5 22.11 27.00 

Nano (2) 118.0 138.0 4.90 6.20 9.50 13.25 22.11 25.11 

Nano (3) 117.0 125.0 4.50 5.50 9.50 12.50 21.36 24.75 

Superphospate 125.0 150.0 4.25 5.10 10.62 11.25 20.25 21.75 

 Mean 120.2 137.0 4.71 6.12 10.59 13.12 21.46 24.65 

Nano (1) 

 
15 

117.5 125.0 3.85 4.25 10.50 12.62 20.61 25.50 

Nano (2) 110.5 122.5 3.12 4.25 7.87 12.00 18.75 22.86 

Nano (3) 106.2 112.5 3.25 3.87 7.75 10.10 19.86 22.59 

Superphospate 112.5 132.5 2.25 3.12 6.50 10.35 18.36 21.75 

 Mean 111.7 123.1 3.12 3.87 8.15 11.27 19.39 23.17 

Nano (1) 

 
30 

107.5 118.5 3.25 3.87 7.37 8.75 19.50 23.25 

Nano (2) 95.0 117.5 2.75 3.37 6.87 7.50 18.45 21.36 

Nano (3) 92.5 102.5 2.25 2.75 6.75 7.35 19.41 21.36 

Superphospate 95.0 110.0 2.12 2.35 6.25 7.00 18.36 21.75 

 Mean 97.5 112.1 2.59 3.08 6.81 7.65 18.93 21.93 

Nano (1) 

 
60 

90.0 106.2 2.62 3.12 6.00 7.12 18.51 21.75 

Nano (2) 88.7 107.0 2.12 2.66 5.25 6.75 18.00 21.15 

Nano (3) 83.7 95.5 2.00 2.11 4.75 6.12 18.75 20.25 

Superphospate 68.7 82.5 1.87 2.00 4.50 6.00 18.15 21.24 

 Mean 82.8 97.8 2.15 2.47 5.12 6.50 18.35 21.15 

Nano (1) 

 
90 

83.5 88.5 2.25 2.75 5.37 6.25 15.17 15.62 

Nano (2) 78.8 86.9 1.66 2.50 4.50 6.25 15.92 18.12 

Nano (3) 76.6 79.5 1.82 1.92 4.25 5.75 15.00 16.50 

Superphospate 60.0 73.7 1.25 1.00 4.00 5.50 15.25 17.50 

 Mean 74.7 82.1 1.47 2.04 4.53 5.94 15.33 16.93 

LSD 0.05 

 T I A T*I T*A I*A T*I*A 

HCl-P 0.91 1.02 0.64 2.03 1.29 1.44 2.88 

NaOH-P 0.07 0.08 0.05 0.16 0.10 0.12 0.23 

NH4Cl-P 0.12 0.14 0.09 0.27 0.17 0.19 0.39 

Olsen-P 0.42 0.47 0.29 0.94 0.59 0.66 1.33 

 
 
 

Table 5: Multiple regression relation between P fractions concentration and both of time of 
                 incubation (days) and rate of phosphorus (mgkg-1) in sandy soil. 

 
 
 

Multiple regression equations R2 

HCl-P     = 103 - 0.812 Time + 0.326 Rate 0.89** 

NaOH-P  = 3.28 - 0.047 Time + 0.016 Rate 0.74** 

NH4Cl-P   = 7.45 - 0.101 Time + - 0.101 Rate 0.81** 

Olsen-P    = 18.2 - 0.106 Time + 0.073 Rate 0.90** 
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Table 6: Phosphorus fractions in calcareous soil as affected by 

                                              incubation period and phosphorus fertilizer treatments. 
  

Treatments of 
phosphorus 
fertilizer (T) 

Incubation 
time 

(days)(I) 

Phosphorus fractions (mg/kg) 

HCl-P NaOH-P NH4Cl-P Olsen-P 

Applied phosphorus fertilizer (mg/kg)(A) 

40 80 40 80 40 80 40 80 

Nano (1)  
1 
 

637.5 675.0 4.62 5.37 8.50 8.75 50.25 62.61 

Nano (2) 598.0 662.0 5.12 5.62 9.26 10.25 49.11 55.50 

Nano (3) 637.5 706.2 4.62 5.25 9.50 10.25 44.25 45.75 

Superphospate 637.5 688.7 4.87 5.12 12.75 14.37 44.25 45.75 

 Mean 627.6 682.9 4.81 5.34 10.00 10.90 46.96 52.40 

Nano (1)  
15 

568.0 600.0 4.12 4.25 7.87 8.12 37.56 46.11 

Nano (2) 546.0 589.0 4.50 5.50 8.37 8.62 36.90 41.61 

Nano (3) 572.0 609.0 4.00 4.25 7.75 8.75 36.75 39.00 

Superphospate 543.0 587.0 4.25 4.50 8.25 9.60 33.75 36.60 

 Mean 557.2 596.2 4.22 4.62 8.06 8.77 36.24 40.83 

Nano (1)  
30 

524.0 562.0 3.25 3.50 6.50 7.00 30.30 36.87 

Nano (2) 512.0 546.0 3.25 3.50 6.00 6.25 30.00 33.12 

Nano (3) 540.0 557.0 3.25 3.50 6.25 6.75 30.30 32.80 

Superphospate 486.0 518.0 3.25 3.50 6.50 7.00 29.05 30.30 

 Mean 515.5 545.7 3.25 3.50 6.31 6.75 29.91 33.27 

Nano (1)  
60 

493.0 526.0 3.25 3.62 5.75 7.00 28.40 36.87 

Nano (2) 477.0 520.0 2.75 3.25 6.00 6.25 30.00 32.40 

Nano (3) 490.0 519.0 2.75 3.50 5.75 6.50 30.00 32.00 

Superphospate 420.0 468.0 2.87 3.50 5.50 6.00 22.24 24.00 

 Mean 470.0 508.2 2.90 3.47 5.75 6.44 27.66 31.32 

Nano (1)  
90 

468.0 496.0 2.50 3.25 5.50 6.50 23.50 26.24 

Nano (2) 445.0 482.0 2.00 2.25 5.75 6.25 24.30 27.74 

Nano (3) 454.0 473.0 2.62 3.00 5.50 6.25 25.00 26.00 

Superphospate 400.0 412.0 2.25 3.00 3.50 4.25 17.25 18.00 

 Mean 439.2 465.7 2.87 2.87 5.06 5.81 22.51 24.49 

LSD 0.05  T I A T*I T*A I*A T*I*A 

HCl-P 2.64 2.95 1.97 5.91 3.74 4.18 8.36 

NaOH-P 0.22 0.08 0.05 0.15 n.s 0.11 0.22 

NH4Cl-P 0.12 0.14 0.09 0.27 0.17 0.19 0.39 

Olsen-P 0.53 0.59 0.37 1.18 0.74 0.83 1.66 

 
 
 

Table 7: Multiple regression relation between P fractions concentration and both of time of 
               Incubation (days) and rate of phosphorus (mgkg-1) in calcareous soil. 

 
 

Multiple regression equations R2 

HCl-P     = 552 - 2.97 Time + 0.934 Rate 0.86** 

NaOH-P = 3.89 - 0.037 Time + 0.011 Rate 0.85** 

NH4Cl-P = 7.95 - 0.071 Time + 0.017 Rate 0.73** 

Olsen-P  = 37.5 - 0.372 Time + 0.091 Rate 0.80** 
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Table 8 : Phosphorus fractions in clay soil as affected by incubation 
                                          Period and phosphorus fertilizer treatments. 

 

Treatments of 
phosphorus 
fertilizer(T) 

Incubation 
time (days)     

(I) 

Phosphorus fractions (mg/kg) 

HCl-P NaOH-P NH4Cl-P Olsen-P 

Applied phosphorus fertilizer (mg/kg)(A) 

40 80 40 80 40 80 40 80 

Nano (1) 
 

1 
 

1375.0 1480.0 7.50 9.50 9.80 11.0 57.24 61.74 

Nano (2) 1400.0 1500.0 8.50 9.00 10.5 12.5 52.74 58.50 

Nano (3) 1262.0 1312.0 9.00 9.50 12.0 13.5 51.00 54.50 

Superphospate 1312.0 1378.0 9.50 11.0 11.0 12.5 48.50 51.74 

 Mean 1337.2 1417.5 8.62 9.75 10.82 12.37 52.37 56.62 

Nano (1) 

 
15 

1243.0 1340.0 6.75 9.00 8.25 9.25 53.00 59.74 

Nano (2) 1300.0 1415.0 8.00 8.75 8.75 9.50 50.74 55.00 

Nano (3) 1125.0 1195.0 8.50 9.00 9.75 10.25 46.00 49.50 

Superphospate 1200.0 1252.0 9.10 10.4 8.62 9.50 32.00 33.24 

 Mean 1217.0 1300.5 8.09 9.29 8.84 9.62 45.43 49.12 

Nano (1) 

 
30 

1163.0 1274.0 6.00 7.75 7.50 8.37 44.62 48.12 

Nano (2) 1240.0 1336.0 7.25 7.75 7.62 8.05 43.31 46.15 

Nano (3) 1065.0 1115.0 7.48 7.60 8.37 8.75 32.81 38.06 

Superphospate 1070.0 1147.0 6.75 7.90 6.87 7.75 26.89 28.65 

 Mean 1134.5 1218.0 6.87 7.75 7.59 8.28 36.91 40.24 

Nano (1) 

 
60 

1098.0 1172.0 5.50 7.35 6.37 7.25 37.50 45.24 

Nano (2) 1150.0 1216.0 6.25 7.44 6.75 7.25 34.87 44.39 

Nano (3) 1005.0 1025.0 6.30 7.25 6.90 7.87 31.93 36.31 

Superphospate 960.0 1017.0 4.37 6.50 5.75 6.50 23.05 24.93 

 Mean 1053.2 1107.5 5.60 7.13 6.44 7.22 31.84 37.72 

Nano (1) 

 
90 

978.0 1097.0 4.87 6.20 5.75 7.12 32.50 38.80 

Nano (2) 1056.0 1096.0 5.50 6.25 6.50 7.25 32.00 35.00 

Nano (3) 891.0 948.0 5.60 6.25 6.50 7.45 30.00 32.93 

Superphospate 820.0 887.0 3.75 5.00 4.75 5.37 21.86 23.55 

 Mean 936.2 1007.0 4.93 5.92 5.87 6.79 29.09 32.57 

LSD 0.05 

 T I A T*I T*A I*A T*I*A 

HCl-P 7.11 8.0 5.06 16.0 10.12 11.32 22.63 

NaOH-P 0.10 0.11 0.07 0.22 0.14 0.16 0.31 

NH4Cl-P 0.10 0.11 0.07 0.22 0.14 0.16 0.31 

Olsen-P 0.42 0.47 0.30 0.94 0.59 0.66 1.33 

 
Table 9: Multiple regression relation between P fractions concentration and both of time of 
               Incubation (days) and rate of phosphorus (mgkg-1) in clay soil. 

 

Multiple regression equations R2 

HCl-P     = 1204 - 6.30 Time + 1.86 Rate 0.83** 

NaOH-P = 7.10 - 0.063 Time + 0.029 Rate 0.87** 

NH4Cl-P = 8.54 - 0.083 Time + 0.031 Rate 0.73** 

Olsen-P   = 43.1 - 0.360 Time + 0.104 Rate 0.70** 
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Table 10: Dry weight, concentration and uptake of phosphorus of maize plants (70 days) as  
                 affected by sources of fertilizer and soil type. 

 

Type of soil 
Treatments of 
 fertilizer (T) 

Dry weight  
 (g/pot) 

Phosphorus 
 con. (%) 

Phosphorus 
uptake (mg/pot) 

 
 

Sandy 

Control 64.0 0.11 70.4 

Nano (1) 115.0 0.15 172.6 

Nano (2) 111.5 0.16 178.4 

Nano (3) 119.7 0.15 179.5 

Superphospate 102.0 0.16 163.2 

Mean 102.4 0.15 152.8 

 
 

Calcareous 

Control 87.0 0.19 165.3 

Nano (1) 129.0 0.25 322.5 

Nano (2) 119.0 0.26 309.4 

Nano (3) 122.5 0.22 269.5 

Superphospate 117.5 0.23 270.2 

Mean 115.0 0.23 267.4 

 
 

Clay 

Control 120.0 0.24 288.0 

Nano (1) 150.4 0.29 436.2 

Nano (2) 155.7 0.31 482.7 

Nano (3) 167.3 0.30 501.9 

Superphospate 142.3 0.27 384.2 

Mean 147.1 0.28 418.6 

LSD 0.05 

 T Soil T*Soil 

Dry weight n.s n.s n.s 

P con. 0.013 0.020 n.s 

P uptake 16.5 21.3 36.9 

 
Table 11: Available phosphorus (mg/kg) in soil after harvesting of maize plant (70 days) under 
               Different fertilizer treatments. 

 
Type of soil Superphosphate Nano (1) Nano (2) Nano (3) Control 

Sandy 9.30 13.30 10.53 11.43 6.62 

Calcareous 15.15 20.85 15.10 20.75 12.94 

Clay 18.87 24.86 23.22 23.63 15.29 

LSD 0.05 
T Soil T*Soil 

0.64 0.49 1.12 

 
The percentage P recovery of Olsen-P 

fraction reach about 84.4 and 49.0% for the 40 
and 80 mg P kg-1 treatments after 1 day and only 
23.3 and 14.1% after 90 days of incubation, 
respectively. 

Phosphorus fractions in clay soil as affected 
by incubation period and phosphorus fertilizer 
treatments.       

Effect of fertilizer on P fractions in clay soil. 
The extracted HCl-P fraction in clay soil 

increased significantly with both type of added 
fertilizer. However, the superiority amounts 
extracted was showed with nano fertilizer(mean of 
three type of nano fertilizer) compared to 
superphosphate caused relative increased reach 

about 3.1, 6.1, 7.5, 11.0 and 15.6%  at 1,15, 30, 
60 and 90 days of incubation period (Table, 8).    

The amount of extracted NaOH-P fraction was 
higher with application superphosphate at the first 
two intervals of incubation (1 and 15 days), but 
reach to equal value in third interval of incubation 
(30 days). While in the last two intervals of 
incubation (60 and 90 days) the superiority was 
showed with nano fertilizer compared to 
superphosphate fertilizer. The P contained in this 
fraction (Fe-Al-bound P) may be unstable with 
fluctuating redox conditions (Moore and Reddy, 
1994), thus there may be large movement of P 
into and out of this fraction depending on 
environmental conditions for these soils. Since 
labile and Fe-Al-bound fractions represent the 
least insurrectionary pools, P in these fractions 



El-Hedek et al.                                                          Studies the changes on phosphorus fractions 

 

    Bioscience Research, 2021 volume 18(1): 838-855                                                             850 

 

likely represents recent inputs from fertilizer 
(Wright, 2009). 

The amount of NH4Cl-P fraction extracted at 
all rates of added P was slightly higher with 
application of nano fertilizer compared to 
superphosphate fertilizer, caused relative 
increased of NH4Cl-P fraction about  2.5, 9.9, 13.3 
and 25.1% at 15, 30, 60 and 90 days of incubation 
period. 

 Olsen-P fraction was significant higher in soil 
amendments with nano fertilizer compared to 
superphosphate application. The relative 
increased in Olsen-P fraction were 10.4, 37.7, 
34.8, 37.5 and 32.3% with using  nano fertilizer 
compared to superphosphate at 1, 15, 30, 60 and 
90 days of incubation period, respectively.  

Effect of incubation time on P fractions in clay 
soil. 

During incubation the HCl–P fraction 
decreased markedly recorded relative decreased 
reach about 9.4, 13.7, 27.5 and 41.7 % at 15, 30, 
60 and 90 days of incubation period as compared 
to 1 day of incubation, respectively. Clay soil 
showed a significant decrease in extractable 
NaOH-P fraction in all incubation period. While the 
relative decreased in NaOH-P fraction were 5.6, 
25.6, 44.3 and 69.4% at 15, 30, 60 and 90 days of 
incubation period as compared to 1 day of 
incubation, respectively. Phosphorus 
concentration in NH4Cl-P fraction varied greatly 
decreased with incubation time. The relative 
decreased were 25.6, 46.1, 69.7 and 83.1% at 15, 
30, 60 and 90 days of incubation period as 
compared to 1 day of incubation, respectively. 
The contributions of Olsen-P as fractions of the 
total extracted soil P were generally high 
compared to NaOH-P and NH4Cl-P fractions for 
clay soil. The relative decreased in Olsen-P 
fractions were 15.3, 41.3, 56.7 and 76.7% at 15, 
30, 60 and 90 days of incubation period as 
compared to 1 day of incubation, respectively. 
From the obtained results we can arrange the p 
fraction according to the percent of the relative 

decreased as follows NH4Cl-P< Olsen-P < 

NaOH-P< HCl-P. The P supply from nano 

fertilizer still available even after a long time 
compared to conventional fertilizer. From, Percent 
release of phosphorous in nano fertilizer and 
conventional fertilizer reveal that conventional 
fertilizer has an initial higher rate of release then a 
sharp decrease continued for the other incubation 
days (Banishwal et al., 2006). 

Effects of fertilizer rates on P fractions in caly 
soil. 

There was an effect of fertilizer rate on the 
various P forms in soils as all forms of P, which 
increased with increasing rate of fertilizer (Table, 
8). The HCl-P in the soil was the largest fraction, 
such that any addition to this fraction from the 
fertilizer was undetectable. The HCl-P fractions 
increased with application rate of fertilizer P from 
40 to 80 mg kg-1 with a corresponding increase 
reach about  5.9, 7.1, 6.9, 4.7 and 6.9% at 1, 15, 
30, 60 and 90 days of incubation period, with 
nano fertilizer. While superphosphate fertilizer in 
the same condition caused relative increased 
recorded 4.8, 4.1, 6.7, 5.6 and 7.5 at 1, 15, 30, 60 
and 90 days of incubation period, respectively. 
Phosphorus in the NaOH fractions increased with 
nano fertilizer above the superphosphate fertilizer 
with rates of P additions from 40 to 80 mg kg-1. 
The relative increased in NaOH-P fraction with 
application of nano fertilizer at rate of 40 
compared to 80 mg kg-1  were 10.7, 12.9, 10.3, 
18.1 and 15.3% at 1, 15, 30, 60 and 90 days of 
incubation period, respectively. While application 
of superphosphate fertilizer with rate of 40 
compared to 80 mg kg-1  caused relative 
increased recorded 13.6, 12.5, 14.6, 32.8 and 
25.0% at 1, 15, 30, 60 and 90 days of incubation 
period, respectively. The changes in the NH4Cl 
fraction with high rate of fertilizer compared to low 
rate were 12.2, 8.2, 7.0, 10.5 and 14.0% with 
nano fertilizer, while were 12.0, 9.5, 11.3, 11.5 
and 11.5% with superphosphate fertilizer at 1, 15, 
30, 60 and 90 days of incubation period with high 
rate of fertilizer compared to low rate, 
respectively. The proportion of P in the Olsen-P 
fraction (defined as labile P) increased with 
application rate with a relative increased with 
application of nano fertilizer at rate of 40 
compared to 80 mg kg-1  recorded 10.7, 8.8, 8.7, 
17.2 and 11.5% at 1, 15, 30, 60 and 90 days of 
incubation period, respectively. While application 
of superphosphate fertilizer caused relative 
increased with rate of 40 compared to 80 mg kg-1 
recorded 6.3, 3.7, 6.1, 7.5 and 7.2% at 1, 15, 30, 
60 and 90 days of incubation period, respectively. 
Transformation of P from one fraction to another 
has been previously described and could be a 
result of physicochemical and/or biological 
processes (Ochwoh et al. 2005). 

Multiply correlation coefficient (R2) and 
multiply regression equation between phosphorus 
fractions in the clay soil (y) and time of incubation 
(x1), rate of phosphorus (x2) are summarized in 
Table (9). The best parameter models for HCl-P 
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which was negative correlated with time of 
incubation and positively correlated with rate of 
phosphorus , with Factor of variables x1 = - 6.30 
and x2 = 1.86, with significant multiply correlation  
(R = 0.83**), respectively. While, NaOH-P was 
negative correlated with time of incubation and 
positively correlated with rate of phosphorus , with 
Factor of variables x1 = - 0.063and x2 = 0.029, 
with significant multiply correlation  (R = 0.87**), 
respectively. Also, NH4Cl-P was negative 
correlated with time of incubation and positively 
correlated with rate of phosphorus, with Factor of 
variables x1 =- 0.083 and x2 = 0.031, with 
significant multiply correlation (R = 0.73**), 
respectively. As for, Olsen-P was negative 
correlated with time of incubation and positively 
correlated with rate of phosphorus, with Factor of 
variables x1 =- 0.360 and x2 = 0.104, with 
significant multiply correlation (R = 0.70**), 
respectively. We can conclude that HCl-P fraction 
affected higher by time and rate compared to 
other fractions.Whence the effect of incubation 
time was more pronounced than the effect of 
fertilizer rate. The NaOH-P fraction was the low 
influence with both the incubation time and rate of 
fertilizer.  

The percentage P recovery of HCl-P fraction 
in clay soil reach about 1316 and 758% for the 40 
and 80 mg P kg-1 treatments after 1 day and 
became only 314 and 245% after 90 days of 
incubation. The percentage P recovery of NaOH-
P fraction reach about 11.9 and 7.4% for the 40 
and80 mg P kg-1 treatments after 1 day and 
became only 2.7 and 2.6% after 90 days of 
incubation. The percentage P recovery of NH4Cl-P 
fraction recorded 15.2 and 9.6% for the 40 and 80 
mg P kg-1 treatments after 1 day and only 2.9 and 
2.6% after 90 days of incubation. While, The 
percentage P recovery of Olsen-P fraction reach 
about 90.9 and 50.8% for the 40 and 80 mg P kg-1 
treatments after 1 day but the recovery was 
reduced to approximately 32.7 and 20.7% after 90 
days of incubation, respectively. This showed that 
a significant proportion of the applied P was 
transformed into this fraction and that the 
proportion in this pool decreased with time. 
Generally, the percent P recovered for all P 
fractions decreased with increasing P rate. 

Pots experiment 

Dry weight, concentration and uptake of 
phosphorus of maize plants as affected by 
sources of fertilizer and soil type. 

Dry weight, concentration and uptake of 
phosphorus of maize plants grown in sand 
soil. 

The data regarding the dry weight, 
concentration and uptake of phosphorus of maize 
plants as influenced by different sources of 
fertilizer and soil type are presented in Table (10). 
Among treatments of fertilizer, the above 
mentioned parameters were increased with the 
deference of sources of fertilizer compared to 
control. In the case of the dry weight of maize 
plants grown in sand soil was maximum (119.7 
g/pot) with nano fertilizer (nano, 3) followed by 
115.0 and 111.5 (g/pot) with nano 1 and nano 2, 
respectively and superphospate fertilizer came at 
last (102.0 g/pot). This was probably because 
nano scale fertilizers could maybe driving to more 
effective delivery of nutrients because of small 
size may allow them arrival to a variety of plant 
surfaces and transport channels (Liu et al. 
2009).The relative increased in dry weight were 
44.5 and 37.2% with application of nano (mean of 
three type of nano fertilizers) and superphospate 
fertilizer compared to control treatments, 
respectively. As regarding to concentration and 
uptake of phosphorus the data show that the 
concentration and uptake of phosphorus by maize 
plants significance affected by application of 
fertilizer. The relative increased in phosphorus 
concentration were 26.7 and 31.2%, while 
phosphorus uptake recorded relative increased 
about 60.2 and 56.9% with application of nano 
and superphospate fertilizer compared to control 
treatments, respectively. These results are 
harmony with those of Liscano et al. (2000) who 
stated that the nano fertilizer have large particle 
size and surface area less than the pore size of 
leaves and root of the plant which can increase 
penetration into the plant from applied surface and 
improve uptake and nutrient use efficiency of the 
nano-fertilizer. Reduction of particle size produces 
large specific surface area and number of 
particles per unit area of a fertilizer that provide 
more opportunity to contact of nano-fertilizers 
which leads to more penetration and uptake of the 
nutrient. Phosphorus fertilization led to increase in 
maize, dry weight and phosphorus concentration. 
It was revealed by Tilahun et al.(2006) that 
application of phosphorous fertilizer significantly 
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increased plant height because phosphorus is a 
major component of Adenosine triphosphate 
involved in respiration process thus increasing the 
leaf area and rate of photosynthesis. Furthermore, 
application of phosphorus fertilization could have 
initiated the actions of microorganisms directly 
involved in nutrient mineralization and availability 
thereby increasing plant growth (plant height, 
stem girth, leaf area and leaf number).   

Dry weight, concentration and uptake of 
phosphorus of maize plants grown in 
calcareous soil. 

The data in Table (10) showed the dry 
weight, concentration and uptake of phosphorus 
of maize plants grown in calcareous soil as 
influenced by different sources of fertilizer. 
Application of phosphorus fertilizer was caused 
significant increase in dry weight of maize plants 
compared to control. The relative increased in dry 
weight were 29.5 and 25.9% with application of 
nano and superphospate fertilizer compared to 
control treatments, respectively. There are so 
many reports where used of nano fertilizer reflects 
positive effect in terms of good crop yield and 
environmental pollution. The application of 
nanoparticles Hydroxyapatite (nHA) increased the 
seed germination and growth rate by 20% and 
33% respectively, compared to regular P fertilizer. 
The result indicated that the roots of soybean can 
absorb hydroxyapatite NPs as an effective P 
nutrient source (Liu and Lal, 2014).  As regarding 
to concentration and uptake of phosphorus the 
data shown the concentration and uptake of 
phosphorus by maize plants significance affected 
by application of fertilizer. The relative increased 
in phosphorus concentration were 20.8 and 
17.4%, while phosphorus uptake recorded relative 
increased about 44.9 and 38.8% with application 
of nano and superphospate fertilizer compared to 
control treatments, respectively. These results are 
agreement with those of Sirisena et al., (2013) 
who stated that  nano fertilizers promote the seed 
germination, vigor, growth parameters (plant 
height, leaf area, leaf area index number of leaves 
per plant) dry matter production, chlorophyll 
production, rate of the photosynthesis which result 
more production and translocation of 
photosynthesis to different parts of the plant. 

Dry weight, concentration and uptake of 
phosphorus of maize plants grown in clay soil.  

    Maize plants grown in clay soil produce 
superior dry weight with applied phosphorus 
fertilizer as compared with control treatment. The 

relative increased in dry weight were 23.9 and 
15.7% with application of nano and 
superphosphate fertilizer compared to control 
treatments, respectively. As regarding to 
concentration and uptake of phosphorus the data 
shown the concentration and uptake of 
phosphorus by maize plants significance affected 
by application of fertilizer. The relative increased 
in phosphorus concentration were 20.0 and 
11.1%, while phosphorus uptake recorded relative 
increased about 39.2 and 25.0% with application 
of nano and superphosphate fertilizer compared 
to control treatments, respectively. These results 
are quite in line with those of Liu and Lal (2014) 
who stated that the nanoparticles Hydroxyapatite 
(nHA) could be used as an effective P nutrient 
source as traditional soluble P fertilizers and those 
plants could take up P nutrients in nanoparticle 
formulation. There might be two reasons for the 
difference in P retention time in the medium: (1). 
Soluble phosphates are more easily removed 
from the solution phase through precipitation 
when solution chemistry changes (pH increased 
or more cations introduced) or being absorbed by 
iron/ manganese minerals or other clay minerals 
while nHA may remain relatively stable in the 
suspension and be affected less by the solution 
pH, co-existing ions, or solids. (2). The aqueous 
solution containing soluble P may leach out of the 
soil column faster than the nHA solution because 
the latter contained the macromolecular CMC and 
had higher viscosity. Thus, there was much more 
P remaining in the growing medium for plant roots 
to absorb in the case of nHA. Additional studies 
are under way to confirm those hypotheses.  

 In our studies, we can arrange the three soils 
under investigation according to the increased in 
dry weight, concentration and uptake of 

phosphorus of maize plants as follow clay soil     <
calcareous soil < sandy soil. The relative 

increased in dry weight, concentration and uptake 
of phosphorus of maize plants grown in clay soil 
compared to those grown in sandy soil were 30.4, 
46.4 and 63.5%, respectively. While The relative 
increased in dry weight, concentration and uptake 
of phosphorus of maize plants grown in 
calcareous soil compared to those grown in sandy 
soil were 10.9, 34.8 and 42.9%, respectively. 
These results are quite in line with those of 
Olayiwola, and Oyediran. (2012). 
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Available phosphorus in different type of soil 
after harvesting of maize plant under different 
fertilizer treatments. 

     Effects of application of nano fertilizer and 
superphospate on available phosphorous in soil 
are presented in Table (11). The available P was 
the highest in nano fertilizer treated soils while the 
control soil had the least. However, the release of 
P was obviously steeper in case of nano fertilizer 
than the rest. The release of higher amount of 
phosphorous by nano fertilizer treated soil may be 
because of the P supply from nano fertilizer still 
available even after a long time compared to 
conventional fertilizer (Banishwal et al. 2006). The 
available phosphorous content in soil after harvest 
is much higher than their initial values except for 
control soil. Available phosphorous is much higher 
in nano fertilizer treatment than the others. This 
may because of left-over fertilizer in soil and nano 
fertilizer holds higher amount of inorganic 
phosphorous than conventional one. The relative 
increased in available phosphorus in sand soil 
received nano fertilizer and superphosphate 
compared to control treatment were 43.7 and 
28.8%, respectively. While the relative increased 
in available phosphorus in calcareous soil 
received nano fertilizer and superphospate 
compared to control treatment were 31.5 and 
14.6%, respectively. As for, the clay soil that 
received nano fertilizer and superphospate 
recorded relative increased in available 
phosphorus reach about 36.0 and 18.9%  
compared to control treatment, respectively. 
These results are quite in line with those of 
Rajonee   et al. (2017).observed that, nano 
fertilizer application in soil showed better CEC, 
moisture,pH, available K and P so higher 
accumulation of P and K in plants under nano 
fertilizer treatment than the conventional fertilizer. 

CONCLUSION 
        A laboratory incubation experiment and pot 
experiment were conducted to investigate the 
effects of hydroxyapatite nanoparticles (HANPs) 
and superphosphate fertilizers on soil phosphorus 
fractions under three types of soils. As well as 
their effect on dry weight, concentration and 
uptake of phosphorus of maize plants under 
different soil type.. Results of this study showed 
that, the distribution of phosphorus among each 
fraction in studied soils followed the order of HCl-
P (Ca-bound)< Olsen-P(available-P) <NH4Cl-
P(loosely sorbed P)  < NaOH-P (Fe- and Al-
bound). The content of all phosphorus fractions 
were higher with application of nano fertilizer 

compared to superphosphate and decreased 
gradually with the increase of incubation time. 
From the obtained results in our studies we can 
arrange the p fraction according to the percent of 
the relative decreased with incubation time as 
follows NaOH-P< NH4Cl-P< HCl-P< Olsen-P in 
sandy soil. But, in calcareous soil taken the 
follows order Olsen-P < NH4Cl-P< NaOH-P< HCl-
P.As for, clay soil the percent of the relative 
decreased as follows NH4Cl-P< Olsen-P < NaOH-
P< HCl-P. Multiply correlation coefficient and 
multiply regression equation showed that 
phosphorus fractions content were negative 
correlated with time of incubation and positively 
correlated with rate of phosphorus. The pots 
experiment showed that increased in dry weight, 
concentration and uptake of phosphorus of maize 
plants with application of nano and 
superphosphate fertilizer compared to control 
treatment. The available phosphorous content in 
soil after harvest of maize plants is much higher 
with nano fertilizer treatment than both of 
superphosphate and control soil.  
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