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Introduction                                                              

Nanotechnology had proved its place in 
agriculture and related industries (Froggett, 
2009). The key focus areas for nanotechnology 
agricultural research are agricultural diagnostics, 
nanogenetic manipulation of agricultural crops, 
drug delivery, nanobiosensors, nanobiofarming, 
nanopesticides, nanoherbicides and controlled 
release of nanofertilizers and nanocomplexes 
(Agrawal & Rathore, 2014). Nanofertilizers are 
used to supply nutrients to plants. They have 
nano-dimensions ranging from 30 to 40 nm and 
are able to hold numerous ions because of their 
high surface area and slowly release them in a 
timely manner to cope with crop demand. There 
are slow-release and super sorbent phosphatic and 
nitrogenous fertilizers (Lal, 2008). Nanofertilizers 
have unique features like increase in production, 
ultra-high absorption, increase in photosynthesis, 
and significant expansion in the leaves surface 
area (INIC, 2014).

Chitosan nanoparticles (nano chitosan) are 
one of the engineered nanomaterials and are 
natural materials with excellent physicochemical 
properties; further, they are environmentally 
friendly as well as bioactive (Agnihotri et al., 

2004). Such unique properties of the chitosan 
biopolymer can be enhanced by using it in the form 
of nanoparticles, as in this form, it can introduce 
different biological activities with altered 
physicochemical properties like surface area, 
size, cationic nature, etc. (Chandra et al., 2015). 
Chitosan nanoparticles are currently used to carry 
ions of fertilizers to be applied to plants. Foliar 
application of chitosan nanoparticles showed 
improvements of growth and yield of wheat 
plants especially at lower concentration 10% 
(Abdel-Aziz et al., 2016). Chitosan nanoparticles 
are easily absorbed by the epidermis of leaves 
translocated to stems which facilitated the uptake 
of active molecules and enhanced growth and 
productivity of several crop plants (Malerba & 
Cerana, 2016). Van et al. (2013) showed that 
the foliar application of chitosan nanoparticles 
to coffee seedlings in the green house enhanced 
significantly the uptake of nitrogen content 
from 20 to 35%, phosphorous content from 50 
to 100%, potassium content from 30 to 40%, 
calcium (3.77%) and magnesium (18.75%) 
compared to the control. They reported that the 
optimal concentration of chitosan nanoparticles 
for nutrient uptake was 10 ppm; while higher 
concentration of chitosan nanoparticles reduced 
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the nitrogen and mineral content of coffee leaves 
(Van et al., 2013).

The aim of the present study was to study the 
effect of foliar application of chitosan nano- sized 
NPK fertilizer at different concentrations (10%, 
25% and 100%) on the chemical composition of 
wheat grains grown on different soil types.

Materials and Methods                                             

Preparation and characterization of nano 
chitosan NPK fertilizers

According to De Moura et al. (2008) and 
Hasaneen et al. (2014) the chitosan poly-
methacrylic acid (CS-PMAA) nanoparticles were 
prepared. Nitrogen, phosphorus and potassium 
were loaded on the CS-PMAA nanoparticles 
using the following concentrations 500, 60 and 
400 ppm, respectively. All the results obtained 
were published in Hasaneen et al. (2014).

Plant material and growth conditions
Uniformly- sized lot of grains of pure strain 

wheat (Triticum aestivum L.) cv. Egypt 1 was 
kindly supplied by the Agriculture Research 
Center, Ministry of Agriculture, Giza, Egypt. 
Using tap water, the grains were washed and then 
planted in clay-sandy (2:1 v/v), clay and sandy soils 
in pots (30x 28x 26 cm) in the botanical garden 
of the Faculty of Science at Mansoura University, 
Egypt, in the period from November 2012 to April 
2013. The same set of experiment was repeated 
next season from November 2013 to April 2014 
for confirmation of the provided results. All pots 
contained 8 kg of homogenous soil.

Treatment of wheat plants with bulk material 
(normal) or nanofertilizer were carried out after 21 
days of the date of planting. By solution dropping 
method, the required concentration of aqueous 
NPK solution and NPK nanoparticle suspension 
were foliary sprayed. During the treatment, 
the pot surface was covered by plastic cover to 
prevent the applied material from entering into 
the soil system. Different fertilization treatments 
were applied three times at three weeks intervals. 
Tap water was used for irrigation, if required, to 
maintain the soil at the field capacity throughout 
the experiment. The following treatments were 
used: Control (C), foliar spray of normal NPK 
10% (NPK 10), foliar spray of normal NPK 25% 
(NPK 25), foliar spray of normal NPK 100% 
(NPK 100), foliar spray of nano NPK 10% (Nano 
10), foliar spray of nano NPK 25% (Nano 25) and 
foliar spray of nano NPK 100% (Nano 100).

Samples representing the yielded grains of 
wheat were harvested after 96 days from the date 
of planting. The samples were taken in a way so 
as to include plants from those allotted for each 
treatment in 2 pots.

It should be mentioned that the results for 
analysis of the wide assay of metabolites of wheat 
grains yield obtained in the two experiments were 
remarkably close, thus only the mean values 
obtained from both of the two experiments will be 
presented in the corresponding tables presented in 
this paper.

Estimation of total soluble sugars 
Total soluble sugars were extracted and 

determined using modification of procedure of 
Yemm & Willis (1954). Sugars were extracted 
by overnight submersion of dry tissue in 10 
ml of 80% (v/v) ethanol at 25oC with periodic 
shaking. Total soluble sugars were analyzed by 
reacting 0.1 ml of alcoholic extract with 3.0 ml 
freshly prepared anthrone in a boiling water bath 
for 10 min followed by cooling and reading at 
wavelength 625 nm.

Estimation of polysaccharides 
Polysaccharides were estimated according 

to Thayumanavan & Sadasivam (1984). 
Polysaccharide content (starch) was determined as 
mg glucose equivalents from the standard curve. 

Estimation of protein content 
The grains were homogenized in an ice bath 

and mixed with 2 ml of 0.2 M Tris- HCl buffer, pH 
6.8. The mixture was then centrifuged at 19000 g 
for 20 minutes at 4 oC. From 0.05 to 0.1 ml of the 
extract was pipetted into test tubes and 5 ml of 
protein reagent (Coomassie Brilliant Blue G-250) 
were added to the test tubes. The contents were 
mixed well and the absorbance was measured 
against a blank prepared from 0.05 to 0.1 ml of the 
buffer in addition to 5 ml of protein reagent at 595 
nm using a spectrophotometer (Bradford, 1976).

Estimation of Total nitrogen (TN) 
Total nitrogen was determined in the grains 

extract using the micro-Kjeldahl according to 
the method of Allen et al. (1986). The analysis 
involves a preliminary digestion to convert the 
organic nitrogen to ammonia, then distillation 
of the total ammonia into an acid absorbing 
solution and determination of the ammonia by an 
appropriate method.

Estimation of phosphorus 
The methods adopted for extraction of 
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phosphorus were essentially those described 
by Barker & Mapson (1964). A known fresh 
weight of wheat grains was extracted with 5% 
trichloroacetic acid (TCA) in a mortar. The 
extract was then filtered and the filtrate was made 
up to volume and used for inorganic and total 
phosphorus analyses.

Determination of inorganic phosphorus 
The method of Kuttner & Lichtenstein (1932) 

as described by Humphries (1956) was adopted 
in the present investigation. Two ml of the 
trichloroacetic acid extract was mixed with 2.5 ml 
of 10 N H2SO4 and 1 ml ammonium molybdate 
solution in a 100 ml measuring cylinder and the 
volume completed to 45 ml. The mixture was well 
shaken and 1 ml of stannous chloride solution 
was added. This was followed by immediate 
shaking, making up to volume and mixing the 
contents thoroughly. The samples were allowed 
to stand for 20 min before reading the optical 
densities of the colour developed at 710 nm using 
spectrophotometer. The amounts of phosphate in 
the extracts were calculated from a standard curve 
prepared with known amounts of KH2PO4. 

Estimation of total phosphorus 
Two ml of the trichloroacetic acid extract was 

transferred into a digestion flask followed by 2.5 
ml of 10 N H2SO4 and the mixture was incinerated 
on a micro-heater for 25 min. The flask was cooled 
and the mixture was quantitatively transferred to 
a measuring cylinder and the procedure adopted 
for inorganic phosphorus was here followed 
exactly to estimate the total phosphorus. The 
blank using distilled water instead of extract was 
always prepared simultaneously with each set of 
determinations. The total acid soluble organic 
phosphorus was obtained by subtracting the 
inorganic phosphorus from the total phosphorus.

Estimation of potassium 
Potassium content was measured according to 

the method described by Motsara & Roy (2008). 
Oven-dried wheat grains were ground into a fine 
powder. For the wet digestion, 10 ml of conc. 
HNO3 were added to a known weight of each dry 
ground sample and the mixture was heated at 80-
90°C on a hot plate in a fuming hood. Heating 
was continued until the production of red NO2 
fumes ceased. The content was further heated 
until the volume reduced to 3-4 ml and became 
colourless. After cooling the content, the volume 
was made up with distilled water and filtered 
through Whatman No. 1 filter paper. This solution 

was used for nutrient estimation. Potassium 
content was analyzed by atomic emission 
spectrophotometer (ICAP- 757V, Nippon Jarrell – 
Ash, Kyoto, Japan).

Statistical analysis
Experimental data were subjected to one-way 

analysis of variance (ANOVA) with Post Hoc 
L.S.D. (least significant difference) test. A * P 
value < 0.05 was accepted statistically significant. 
Statistical analysis was performed with statistical 
package for social science for windows (SPSS, 
version 13.0, 2004, Chicago, IL, USA).

Results                                                                      

Changes in carbohydrate contents of yielded 
grains 

The changes in the amounts of carbohydrates 
in the wheat grains of the control, as well as of the 
differently treated wheat plants are presented in 
Table 1. All the variously fertilized wheat plants 
grown on clay-sandy, clay and sandy soils showed 
significant decrease in the total soluble sugar 
content of the yielded grains. The magnitude of 
decrease was most pronounced in all treated plants 
grown in sandy soils. As compared with control 
values, polysaccharide content of normal and 
nanofertilized wheat plants grown on clay, clay-
sandy and sandy soils showed significant increases. 
The magnitude of increase was most pronounced 
in Nano 10 treated plants. The following sequence 
of treatments (Nano 10 > Nano 25 > Nano 100 
> NPK 100 > NPK 25> NPK 10> control) was 
displayed with respect to polysaccharide content 
of yielded grains. Clay-sandy soil was the best 
soil for cultivation of wheat plants treated with 
nanofertilizers. Thus, clay-sandy soil > clay soil 
> sandy soil was displayed with respect to total 
carbohydrates content of yielded grains. 

Changes in protein content of yielded grains 
Examination of Table 2 revealed that protein 

content of the wheat grains from all treatments 
was lower than that observed in control. Normal 
and nanofertilized wheat plants grown on clay, 
clay-sandy and sandy soils showed protein content 
values lower than that detected in control plants, 
the magnitude of decrease was most pronounced in 
sandy soil. The following sequence of treatments 
(control > NPK 10 > NPK 25 > NPK 100 > Nano 
100 > Nano 25 > Nano 10) was displayed with 
respect to protein content.

Changes in element content (NPK) of yielded grains
The data presented in Table 3 revealed 
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TABLE 1. The effect of bulk material NPK fertilizer and nano-engineered composite NPK fertilizer on total soluble 
sugar content, polysaccharide content and total saccharides content of yielded grains of wheat plants 
grown on clay, clay-sandy and sandy soils. 

Total saccharides
(mg glucose equivalent / g 

dry weight)

Polysaccharides
(mg glucose equivalent / g 

dry weight)

Total soluble sugars
(mg glucose/ g dry weight)

Parameters

Treatments SandyClay
Clay-
sandy

SandyClay
Clay-
sandy

SandyClay
Clay-
sandy

660.76680.53696.03636.37652.82666.8424.3927.7129.19Control

701.74*686.00*699.82*678.11*660.90*673.14*23.63*25.10*26.68*NPK 10 

713.94*705.89*724.11*691.19*681.26*698.68*22.75*24.63*25.43*NPK 25

722.30*725.03*750.10*700.66*702.68*726.70*21.64*22.35*23.40*NPK100

771.27*765.96*818.27*751.80*746.90*798.15*19.47*19.06*20.12*Nano10  

744.75*749.33*792.11*726.09*730.51*773.07*18.66*18.82*19.04*Nano 25  

742.18*735.57*775.16*725.17*718.30*756.75*17.01*17.27*18.41*Nano100 

TABLE 2. The effect of bulk material NPK fertilizer and nano-engineered composite NPK fertilizer on protein 
content of yielded grains of wheat plants grown on clay, clay-sandy and sandy soils. 

Protein 
(mg/ g dry weight) 

Parameters 

Treatments SandyClayClay-sandy

82.3283.2086.00Control

80.04*80.40*83.60*NPK 10 

78.32*79.44*82.28*NPK 25

77.72*78.92*80.52*NPK100

71.08*72.68*73.60*Nano10  

75.62*75.80*76.32*Nano 25  

76.63*78.80*79.24*Nano100 

that, in relation to control grains yield content, 
administration of normal and nano-NPK fertilizers 
induced significant decrease in total nitrogen 
element. The magnitude of decrease was most 
pronounced in Nano 10 grains of wheat plants 
grown on sandy soil followed by clay and clay-
sandy soils. On the other hand, K+ element content 
showed increased levels as compared with control. 
The magnitude of increase was most pronounced in 
Nano 10 fertilizered grains of wheat plants grown 
on clay-sandy soil. 

With respect to total phosphorus content  (Table 
4), a variable increase was observed in grains 
yielded from wheat plants treated with either normal 

or nanofertilizers, grown on clay, clay-sandy and 
sandy soils, as compared with control. Except for 
the observed decrease in inorganic phosphorus 
content of yielded grains of wheat plants treated 
with normal and nanofertilizers and grown on clay, 
clay-sandy and sandy soils, the other differently 
treated plants showed significant increase in organic 
phosphorus content, above the control levels (Table 
4). The following sequence of treatments (Nano 10 
> Nano 25 > Nano 100 > NPK 100 > NPK 25 > 
NPK 10 > control) was displayed with respect to 
organic and total phosphorus contents of yielded 
grains of wheat plants grown on clay, clay-sandy 
and sandy soils. 

* Mean values are significantly different from control at P ≤ 0.05. 

* Mean values are significantly different from control at P ≤ 0.05. 
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Discussion                                                               

Nowadays, application of fertilizers containing 
NPK is vital for the development of crop 
production and plays important roles in food 
safety. The importance of these NPK fertilizers 
lies in their role to supply the necessary nutrients 
for plant growth (El-Diwani et al., 2013). When a 
nano-engineered composite which consists of N, P, 
K, micronutrients, mannose and amino acids was 
applied to grain crops, it appeared to enhance the 
uptake and use of nutrients (Jinghua, 2004). 

The present obtained results, showed that 
treatments of wheat plants with bulk material 
and chitosan NPK nanoparticles, at increasing 
concentrations throughout the entire period of 
experiment, induced varied significant increases 
in polysaccharides content of wheat grains in 

the plants grown in clay-sandy, clay and sandy 
soils, accompanied by significant decrease in 
total soluble sugars and protein contents in wheat 
grains of plants grown on clay, clay-sandy and 
sandy soils (Tables 1 and 2). To substantiate 
the above mentioned results, yielded grains are 
among the organs affected by nanoparticles and 
are most sensitive. Some research suggested that 
the application of nanofertilizer decreased the 
protein content and increased the fat content of 
wheat plants (Liu et al., 2008). It has been shown 
that engineered nanoparticles induced alterations 
in proteins in plants, but how this works is not yet 
clear (Rico et al., 2013). Further work is needed 
in order to understand the mechanism by which 
nanofertilizers modify proteins in the grain. It is 
supposed that nanofertilizers alter gene expression 
for protein synthesis during grain development 

TABLE 3. The effect of bulk material NPK fertilizer and nano-engineered composite NPK fertilizer on total 
nitrogen element and potassium element contents of yielded grains of wheat plants grown on clay, clay-
sandy and sandy soils. 

K+

(mg/g dry weight)
Total N

(mg/g dry weight)
Parameters

Treatments SandyClayClay-sandySandyClayClay-sandy

1.181.201.3322.2123.2824.60Control
1.52*1.64*2.01*22.08*22.18*23.37*NPK 10
1.62*1.77*2.21*21.66*21.98*23.08*NPK 25
1.68*1.93*2.41*20.99*21.09*21.77*NPK100
1.90*2.82*3.01*16.93*17.04*17.45*Nano10
1.80*2.57*2.86*17.95*18.06*18.75*Nano 25
1.77*2.10*2.62*18.95*19.05*19.92*Nano100

* Mean values are significantly different from control at P ≤ 0.05.

TABLE 4. The effect of bulk material NPK fertilizer and nano-engineered composite NPK fertilizer on inorganic, 
organic and total phosphorus contents of yielded grains of wheat plants grown on clay, clay-sandy and 
sandy soil. 

Parameters

Treatments

Inorganic P
(mg/g fresh weight)

Organic P
(mg/g fresh weight)

Total P
(mg/g fresh weight)

Clay-
sandy Clay Sandy Clay-

sandy Clay Sandy Clay-
sandy Clay Sandy

Control 0.072 0.071 0.069 0.223 0.205 0.143 0.295 0.276 0.212
NPK 10 0.070 0.069 0.066 0.229 0.220 0.154 0.299 0.289 0.220
NPK 25 0.069 0.066 0.062 0.231 0.226 0.189 0.300 0.292 0.251
NPK100 0.065 0.063 0.060 0.240 0.230 0.185 0.305 0.293 0.245
Nano10  0.057 0.052 0.046 0.284* 0.262* 0.240* 0.341 0.314 0.286*
Nano 25  0.060 0.056 0.049 0.262 0.250 0.229* 0.322 0.306 0.278*
Nano100 0.063 0.061 0.051 0.248 0.237 0.220* 0.311 0.298 0.271*

* Mean values are significantly different from control at P ≤ 0.05.
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similar to those observed in rice under drought 
conditions (Mushtaq et al., 2008). 

The present results concerning the effect 
of engineered nanoparticles on carbohydrate 
and protein contents of the yielded grains of 
wheat plants, can be explained on the basis of 
modification in polysaccharide and soluble sugar 
contents of chitosan-NPK nanoparticles treated 
wheat plants as previously reported by Krishnaraj 
et al. (2012), Chai et al. (2013) and Mirzajani et 
al. (2013). In case of the present study, foliar 
application of chitosan nanoparticles increased the 
amount of polysaccharide content and decreased 
total soluble sugars in the harvested grains of wheat 
plants, which is in contrast to the conclusion of 
Rico et al. (2013) who reported that cerium oxide 
nanoparticles did not change the carbohydrate 
content of rice grains.

The mechanism of protein and carbohydrate 
modification by nanoengineered NPK  nanoparticles 
in wheat grains has got to be elucidated. Similar 
studies revealed that nickel nanoparticles reduced 
carbohydrate level in rice root due to disturbance 
in the conversion of starch into sucrose (Moya et 
al., 1993), whereas cadmium stress led to dramatic 
perturbations in starch and sugar synthesis in 
rice roots and shoots (Verma & Dubey, 2001). 
Another study revealed that drought affected the 
carbohydrate metabolic process involved in starch 
biosynthesis in developing rice grains (Mushtaq et 
al., 2008).

There was also interaction between chitosan 
NPK nanoparticles and soil types on wheat grains 
carbohydrate and protein contents (Tables 1 and 
2). Application of 10% nanoparticles solution 
produced the highest total carbohydrate content 
as well as, P and K contents, but these parameters 
decreased at the higher concentration (100%) of 
nanosolution. Similar results were obtained by 
Ghafari & Razmjoo (2013).

The present results suggest that application of 
10% nano NPK fertilizer was more effective than 
other treatments that was because below 100% 
chitosan nanoparticles perhaps made NPK more 
efficient and dissolved in water more effectively 
thus increased their uptake and activities resulting 
in improvement of grain wheat quality (Liscano 
et al., 2000; Joseph & Morrison, 2006; Liu et al., 
2010 and Ghafari & Razmjoo, 2013).

In support of the present conclusion, Salama 
(2012) reported that for 60 ppm Ag nanoparticles 
treatment, the carbohydrate content of Phaseolus 

vulgaris showed 57% increase and 62% increase in 
Zea mays plants over control. At concentrations 80 
and 100 ppm, Ag nanoparticles treatment caused 
significant reduction in carbohydrate (19% and 
18% for common bean as well as 28%, 31% for 
corn plant, respectively).

Tables 3 and 4 showed the N, P and K contents 
in which there was a decrease in contents of 
inorganic phosphorus and total nitrogen contents 
in grains of wheat plants treated with normal NPK 
and nano-NPK fertilizers grown on either clay, 
clay-sandy and sandy soils, and an increase in the 
contents of potassium, organic phosphorus and 
total phosphorus.

The increase in K in rice grains treated with 
cerium oxide nanoparticles was reported by Rico 
et al. (2013) compared to NPK chemical fertilizers. 
The application of slow/controlled release fertilizer 
coated by nano-materials was reported to improve 
grain yield with significant increase in protein 
content and decrease in soluble sugar content in 
wheat, compared with NPK chemical fertilizer 
(Qiang et al., 2008).

The present study suggested that NPK fertilizer 
in the nanoscale form is absorbed by wheat plants 
to a large extent unlike bulk NPK fertilizer. These 
particles proved effective in enhancing plant 
growth, development and yield. A lower dose of 
foliar application is proved to be significantly 
productive (Prasad et al., 2012). The post-harvest 
grain samples analysis revealed a significant 
increase in P and K content. The promotive effects 
of nanosclae NPK fertilizers at cellular level has 
to be understood by further in depth investigations.

The present results concerning phosphorus 
content of grains yielded from wheat plants treated 
with either normal NPK or nanoscale NPK on clay, 
clay-sandy and sandy soils are in conformity with 
the findings of Setia & Sharma (2007) and Vig et 
al. (2000). Patil et al. (1995) also reported that the 
applied phosphorus was the most important for the 
wheat yield.

Conclusion                                                                 
Nano chitosan-NPK fertilizers could be used 
to improve the chemical composition of wheat 
grains (accumulation of carbohydrates). To our 
knowledge, the least concentration (Nano 10) was 
the best to obtain better wheat grains and the best 
type of soil was clay-sandy soil. The mechanism by 
which nanochitosan fertilizer improves wheat grain 
quality should be further elucidated with special 
emphasis on human safety of such application. 
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و  الفوسفور  و  بالنيتروجين  المحمل  كيتوزان  النانو  بسماد  الورقى  الرش  استخدام  تأثير 
البوتاسيوم على التركيب الكيميائى لحبوب القمح

هبه محمود محمد عبد العزيز ، محمد نجيب عبد الغنى حسنين و آية محب عمر 
قسم النبات – كلية العلوم – جامعة المنصورة – الدقهليه– مصر.

إن استخدام التكنولوجيا النانوية في الممارسات الزراعية اكتسب المزيد من الاهتمام البحثى فى الآونة الأخيرة. 
ولقد أظهر استخدام الأسمدة النانوية تحسنا في نمو وإنتاجية العديد من المحاصيل. في هذا البحث نتحقق من تأثير 
تطبيق الرش الورقى بسماد النانو كيتوزان المحمل بالنيتروجين و الفوسفور و البوتاسيوم على التركيب الكيميائي 
الکلي لحبوب  السكريات  النانویة زیادات کبیرة في محتوى  الورقی بالأسمدة  الرش  القمح. ولقد أظهر  لحبوب 
أكثر وضوحا  الزيادة  الرملیة. وكان حجم  و  الطينية  و  الطینية  الرملیة  التربة  الزراعة علی  الناتجة من  القمح 
في الحبوب الناتجة من التسميد بـ ٪10 سماد نانو. وبالمقارنة مع المعاملة الضابطة، فإن معاملة نباتات القمح 
المنتجة.  القمح  النيتروجين فى حبوب  البروتين ومحتوى  انخفاض معنوي في محتوى  النانو تسببت في  بسماد 
وأدت معالجة نباتات القمح باستخدام الأسمدة النانوية إلى زيادة معنوية في محتوى العناصر وخاصة محتويات 
البوتاسيوم والفوسفور في حبوب القمح المنتجة. وكان حجم الزيادة أكثر وضوحا في التربة الرملية الطينية تليها 

التربة الطينية والتربة الرملية. 


