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ABSTRACT 

Nano-fertilizers are one of the effective inputs in agricultural sector to enhance growth 
parameters, yield and its components and quality of crops by enhance use efficiency of nutrients. Field 
experiments  were carried out at newly reclaimed sandy soil in Researches and Production Station of 
National Research Centre, Al Nubaria district, EL-Behaira Governorate, Egypt during the two 
successive summer seasons of 2017 and 2018 to study the effect of potassium nano-fertilizer 
concentrations (100, 200, 300 and 400 ppm) were done as one dose at vegetative stage (30 days after 
sowing) and split twice (50+50, 100+100, 150+150 and 200+200 ppm) the first at vegetative stage (30 
days after sowing) and the second at pod development period (60 days after sowing) on groundnut 
growth parameters, seed yield and quality which grown in sandy soil. Results indicated that potassium 
nano fertilizer caused highly significant increased in peanut plant growth parameters (shoot fresh & dry 
weight per plant, root circumference and length and total chlorophyll content in leaves) relative to 
control. The treatment of (150+150 ppm) potassium nano foliar application surpassed other treatments 
in shoot fresh, dry weight and root circumference, while, the foliar treatment (100 ppm) give the highest 
significant value of total chlorophyll  in leaves than others treatments. Potassium nano-fertilizer 
application at level of (150+150 ppm) surpassed other treatments in seed, pod and oil yield. Potassium 
nano-fertilizer application at level of (150+150 ppm) caused significant increased in nutrients content 
in shoots and seeds of peanut plants grown under sandy soil compared with other treatments. 
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Introduction 

Groundnut (Arachis hypogaea L.) is one of essential oil crops in the world. Peanut seeds contain 
high oil percent (45%), protein percent (26-28%), carbohydrates percent (20 %) and fiber percent (5%)  
(Fageria et al., 1997). Its seeds have high nutritive value for both of human consumption and animal 
feeding, also, the green leaves is also used as hay for livestock (Abdalla et al., 2009). The area cultivated 
with peanut in Egypt during 2016 season was about 58,000 hectare (FAO, 2016). Recently in Egypt 
groundnut has been given great attention because its ability for growing in the newly reclaimed sandy 
soil conditions. New reclaimed soils in Egypt are mostly sandy soil and usually poor in plant nutrients 
and organic matter. 

In new reclaimed soils there are many factors affecting on fertilizers availability for example 
insolubility, leaching and decomposition and also in these soils there are pollution problems because 
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farmers adding more quantities from fertilizers for long time. For that we need new way to overcome 
these problems.  

Nanotechnology, the science of working with the smallest particles may be the way to 
overcoming the problems facing the agricultural sector will be in the near future. Until now, science of 
nanotechnology in agriculture has been very limited to theory research. However, the impact of 
nanotechnology in important fields such as agriculture, breeding new crops, the development of new 
functional materials and intelligent systems deliver chemicals such as herbicides, chemical fertilizers 
and pesticides, integrated intelligent systems for food processing and packaging and remove the 
remnants of herbicides and pesticides from plants and soil will continue to accelerate in the future (Nadi, 
2013). 

Using nanotechnology, can be controlled fertilizer applied and nutritional status at the right time, 
to enhance absorption of water and nutrients by plants (Nadi, 2013) and (Safavi, 2016). Nano-fertilizers, 
were very important in agriculture field, it drawn the attention of the soil scientists as well as the 
environmentalists because its capability to increase yield by improve soil fertility, reduce pollution and 
make a favorable environment for microorganisms (Rajonee et al, 2017). Also it is increase the ability 
of plants to tolerate different biotic and abiotic stress. 

Nano-fertilzers or nano-encapsulated nutrients might have properties that are effective to crops, 
released the nutrients on-demand, controlled release of chemicals fertilizers that regulate plant growth 
and enhanced target activity (DeRosa et al. 2010). 

There are three major nutrients (nitrogen, phosphorus and potassium) needed by crops in large 
amounts.  Potassium (K) has an important role in alleviation of biotic and abiotic stresses (Yadav et al., 
2003 and Read et al., 2006), also it is enter in many processes in plant such as transport, assimilation, 
storage in tissue (Cakmak 2005), protein synthesis, photosynthesis, activation of enzymes (Hawkesford 
et al., 2012) and nitrogen fixation (Savani et al., 1995), which affect on plant growth and yield 
components. 

EL-Ghanam and El-Ghozoli (2003) and El-Ghozoli (2003) found that the K- nano-fertilizer 
application affect significantly in enhanced faba bean dry matter production. In sandy and alkaline-
calcareous soils, application of K-nano-fertilizer increases soil fertility and crop production (Rajaei, 
2010). 

The objective of this research work is to study the effects of foliar application of potassium nano-
fertilizer on seed yield, yield components and quality of peanut (Arachis hypogaea L.) plants grown 
under sandy soil conditions 
 
Materials and Methods 

Field experiments were carried out at newly reclaimed sandy soil in the experimental farm of 
national research centre, (latitude 30o 30' 1.4' N, longitude 30o19' 10.9' E, and 21 m+MSL (mean sea 
level) at (NRC), Al Nubaria district, AL-Behaira Governorate, Egypt during the two successive summer 
seasons of 2017 and 2018 to study the effect of potassium nano-fertilizer form on growth, yield and its 
components as well as seed quality of groundnut under sandy soil conditions.  

The experimental soil (0-30 depth) was analyzed according to the method described by Jackson 
(1973). Soil texture was sandy and having the following characteristics: sand 94.7 %, pH 8.6, organic 
matter 0.8 %, CaCO3 2.4 %, EC 0.13 mmhos/cm3, available N, P, K; 18.0, 18.0 and 104ppm 
respectively.  

Groundnut (Arachis hypogaea L.) variety Gize 6 cv was inoculated just before sowing with the 
specific rhizobium bacteria inoculants. Seeds of peanut were sown in the first week of May in two 
seasons. Phosphorus fertilizer, as calcium superphosphate (15.5 % P2O5) was added during the seed bed 
preparation at rate of 60 kg P2O5 /faddan. Nitrogen fertilizer was added at a rate of 30 kg N/fad as 
ammonium sulfate (20.6 % N) in two equal portions, the first half at sowing and the second after 30 
days later.  

The normal cultural practices for groundnut were applied as recommended in the district. 
Sprinkler irrigation was applied as plants needed. Groundnut was manually harvested on September 
15th and 25th in the first and second seasons, respectively. The experimental design was complete 
randomize block design in four replications and the plot area was 10.5 m2 consisting of five rows (3.5 
m length and 60 cm between rows).  
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Preparation method of potassium-nano fertilizer: 
 
Chemicals: 
 All the chemicals used for synthesis were of analytical grade. Sodium hydroxide, potassium 
nitrate, and ferric nitrate were purchased from S.D. Fine-Chem. Ethylene glycol, ethanol were supplied 
from El-Naser Company. 
 
Characterization 
 
X-ray diffraction (XRD) 

The XRD patterns were carried out on a Diano X-ray diffractometer using CoKα  radiation source 
energized at 45 kV and a Philips X-ray diffractometer (PW 1930 generator, PW 1820 goniometer) with 
CuK radiation source (λ= 0.15418 nm). The basal spacing (dL) was calculated from the (001) reflection 
via the Bragg’s equation. 
 
Transmission Electron Microscope (TEM)  

The morphological and particles size of nanomaterial were demonstrated by using TEM model 
JEM-1230, Japan, operated at 120 kV, with maximum magnification of 600X103 and a resolution until 
0.2 nm. A drop of an aqueous dispersion of the nanomaterial was placed on a carbon-coated copper grid 
and allowed to dry in air before characterization. 

 
Methods  
Synthesis of potassium ferrite nanoparticles 

Potassium ferrite nanoparticles (KFeO2-NPs) were synthesis by solegel method (Khanna and 
Verma 2013). Briefly, 1M solution of potassium nitrate and 2M solution of ferric nitrate were mixed. 
Then 2M of citric acid solution was added along with 5ml of ethylene glycol.  

The solution was constantly magnetically stirred and was heated at 80 ºC. During heating, the 
solution became viscous and gradually formed a very viscous brown gel. On further heating dried gel 
was formed and it continued to burn in a self-propagating combustion manner until all the gel was 
completely converted to a brown coloured powder. The powder was thoroughly washed with ethanol 
and distilled water and was dried overnight in a vacuum oven at 60 ºC. The powder was calcined at 550 
ºC for 2 h, yielding KFeO2-NPs as the final product. 
 

  

Fig. 1: XRD pattern (a) and TEM image (b) of potassium ferrite (KFeO2) nanoparticles. 
Fig. 1a: Illustrated the XRD diffractogram of potassium ferrite nanoparticles. The XRD diffractogram 

of potassium ferrite illustrated the reflection planes (131), (220), (117), (236) and (324) which 
well-matched to the orthorhombic structure of KFeO2. 

Fig. 1b: Illustrated the morphological structure of the prepared nanoparticles. It can be demonstrated 
that the prepared nanoparticles had a size less than 50nm. 

 

a b 
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The experimental treatments can be described as follows: 
Foliar spraying with potassium nano-fertilizer concentrations (100, 200, 300 and 400 ppm) was 

done as one dose at vegetative stage (30 days after sowing) and split twice (50+50, 100+100, 150+150 
and 200+200 ppm) the first at vegetative stage (30 days after sowing) and the second at pod 
development period (60 days after sowing). 

Sample of vegetative growth were taken after 75 days from sowing to determine the dry weight 
of leaves and stem (g). 

At harvest, ten plants of the middle two rows were taken randomly to determine the yield 
components as follows: Number of pods per plant, number of seeds per plant, weight of pods per plant 
(g), weight of seeds per plant (g) and 100-seed weight (g). Whole plot was harvested and the pods were 
air dried to calculate seed yield per faddan. Oil and protein yields were calculated per faddan. 

 
Chemical analysis:  

Seed content of NPK was determined using the methods described by Chapman and Pratt (1978) 
and protein content calculated by multiplying N% by 6.25. Seed oil content was determined according 
to AOAC (2005). 

 
Statistical Analysis  

All data were statistically analyzed according to Snedecor and Cochran (1990). The least 
significant differences (L S D) were used to compare the means. 

 
Results and Discussion 
 
Response of peanut to potassium nano-fertilizer: 
 
1- Changes in growth parameters:  

Nano-fertilizers are one of the effective inputs in agricultural sector to enhance growth 
parameters. Data in Table (1) represent the effect of potassium in form of nano-fertilizer foliar treatment 
on peanut plants grown on sandy soil.  

 
Table 1: Effect of potassium nano-fertilizer application on growth parameters of peanut under sandy 

soil conditions (combined analysis of two successive summer seasons of 2017 and 2018). 
Treatments Plant 

height 
(cm) 

Shoot 
fresh 

weight (g) 

Shoot 
dry 

weight 
(g) 

Root 
circumference 

Root  
length 
 (cm) 

Total 
chlorophyll  

% K nano-fertilizer  
(ppm) 

100 60.33 175.00 116.00 27.00 15.00 62.00 
200 45.00 144.67 86.00 25.00 15.00 46.00 
300 43.33 140.00 83.33 25.00 13.00 53.33 
400 45.33 140.00 91.00 25.00 10.00 54.00 

50 + 50 39.33 110.00 86.67 20.00 10.00 51.00 
100 + 100 40.67 101.00 70.00 20.00 11.67 46.00 
150 + 150 64.00 185.00 118.33 30.67 15.00 50.67 
200 + 2 00 47.67 130.00 104.00 28.00 11.33 53.00 
Control 61.00 132.67 101.33 25.00 23.67 45.00 
LSD0.05 1.70 1.242 3.62 0.37 0.62 0.61 
LSD0.01 2.30 1.671 4.87 0.49 0.84 0.83 

 
Potassium nano-fertilizer caused highly significant increased in peanut plant growth parameters (plant 
height, shoot fresh & dry weight per plant, root circumference and length and total chlorophyll content 
in leaves) relative to control plants NPK (soil addition recommended) (Table 1). The treatment of 
(150+150 ppm) potassium nano foliar application surpassed other treatments in shoot fresh weight (g), 
shoot dry weight (g), plant height (cm) and root circumference, while, the foliar treatment (100 ppm) 
give the highest significant value of total chlorophyll %  in leaves than others treatments. Similar results 
were reported by other investigator. Nano-fertilizers may be effect on plants in two ways  positive or 
negative (Nadi et al., 2013). Nano ZnO affecting on peanut root growth and seeds germination (Prasad 
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et al., 2012). Nano fertilizers effect on chlorophyll biosynses, photosynthesis process and dry matter 
production by its effect on nutrient availability (Salama, 2012). K- nano-fertilizer can enhance shoot 
and root growth (Ghosh et al., 1981) 

 
2- Changes in yield and yield components:  

Data presented in Tables (2 and 3) show the effect of potassium nano-fertilizer application caused 
highly significant increased in seed yield and yield components of peanut grown under sandy soil. 
Potassium nano-fertilizer application at level of (150+150 ppm) surpassed other treatments in seed 
yield., pod yield and oil yield. These increase were due to the increase in plant height, number of 
branches, pods per plant, pods, seeds yield per plant and oil %. The increased percentage over control 
treatment are; 91.5, 120 and 99.8 in seed, pod and oil yield per fed. respectively.  
 
Table 2. Effect of potassium nano-fertilizer application on seed yield and its components of peanut 

grown on sandy soil. (Combined analysis of two successive summer seasons of 2017 and 
2018). 

Treatments No. of  
branches/ 

 plant 

No. of pods/ 
plant 

pods  
yield/  

plant (g) 

No. of seeds/ 
plant 

Seed yield/ 
plant (g) 

K nano-fertilizer (ppm) 

100 8.00 40.67 57.00 58.00 34.00 
200 8.00 43.00 58.67 61.67 41.33 
300 9.00 35.33 56.67 47.00 38.33 
400 8.33 44.67 49.00 60.67 31.33 

50 + 50 8.33 22.00 23.33 36.33 17.33 
100 + 100 8.33 32.67 31.00 40.67 21.00 
150 + 150 10.33 54.33 68.67 75.67 45.33 
200 + 2 00 8.00 28.00 26.00 45.00 17.33 

control 8.00 26.00 31.33 37.00 23.67 
LSD0.05 0.21 2.71 3.44 3.85 2.77 

LSD0.01 0.28 3.65 4.63 5.17 3.72 

 

Table 3: Effect of potassium nano-fertilizer application on seed yield and its components of peanut 
grown on sandy soil. (Combined analysis of two successive summer seasons of 2017 and 
2018). 

Treatments 

Shilling % 
Pod yield 

kg/fed 
Seed yield kg/fed 

Oil 
% 

Oil yield 
kg/fed 

K nano-fertilizer  
(ppm) 

100 40.52 2280.00 1360.00 51.10 694.80 
200 29.55 2346.67 1653.33 46.13 748.24 
300 32.48 2266.67 1533.33 53.77 828.39 
400 36.04 1960.00 1253.33 50.60 634.29 

50+50 25.78 933.33 693.33 51.30 359.23 
100+100 32.76 1240.00 840.00 54.97 459.93 
150+150 33.75 2746.67 1813.33 54.23 983.57 
200+200 33.13 1040.00 693.33 51.30 356.45 
control 24.50 1253.33 946.67 51.90 492.28 

LSD 0.05 3.16 276.53 334.61 2.87 80.45 
LSD 0.01 4.25 371.77 461.01 3.86 108.15 

 
Nano-fertilzers or nano-encapsulated nutrients might have properties that are effective to crops, 

released the nutrients on-demand, controlled release of chemicals fertilizers that regulate plant growth 
and enhanced target activity (DeRosa et al. 2010). 

EL-Ghanam and El-Ghozoli (2003) and El-Ghozoli (2003) found that  the K-  nano- fertilizer 
application  affect significantly in  enhanced faba bean dry matter production. In poor soils (sandy soils) 
and alkaline-calcareous soils it  increases soil fertility and crop production (Rajaei, 2010). 
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3- Changes in elements nutrition content in shoots and seeds:  
 

K- nano fertilizers at deferent levels enhanced significantly growth, elements nutrition content in 
shoots and seeds which result better seed yield and quality of peanut. Data presented in Tables (4 and 
5) show the effect of potassium nano-fertilizer application at level of (150+150 ppm) caused significant 
increased elements nutrition content in shoots and seeds of peanut plants grown under sandy soil 
compare with other treatments. Which give highest values of N, P, K, Ca and Mg % and increased 
elements nutrition content in shoots of (Fe, Mn and Cu ppm). While, treatment of potassium nano-
fertilizer application at level of (400 ppm) gave the highest values of (Fe, Mn, Zn and Cu ppm) elements 
content in seeds.  

Tables 4: Effect of potassium nano-fertilizer application on some macro (%) and micro (ppm) nutrients 
content in peanut shoot grown on sandy soil. (combined analysis of two successive summer 
seasons of 2017 and 2018). 

Treatments 

N P K Ca Mg Fe Mn Zn Cu K nano-fertilizer  
(ppm) 

100 3.80 0.27 1.90 1.53 0.62 130.67 173.67 28.33 4.33 

200 3.81 0.21 2.03 1.77 0.71 124.33 108.67 32.67 3.33 

300 3.22 0.24 1.70 1.40 0.76 110.00 139.67 30.33 5.00 

400 3.70 0.31 2.03 1.60 0.48 135.33 90.00 24.67 1.67 

50+50 3.40 0.29 1.73 1.50 0.70 108.00 172.33 30.67 8.67 

100+100 3.64 0.30 2.03 1.97 0.60 97.33 129.33 21.00 2.33 

150+150 3.81 0. 51 2.13 2.00 0.60 136.67 194.00 29.67 9.67 

200+200 3.31 0.34 1.83 1.60 0.53 115.00 122.67 27.00 2.67 

control 3.55 0.41 1.97 1.67 0.70 74.00 66.00 39.67 5.00 

LSD0.05 0.01 0.01 0.06 0.07 0.003 1.11 1.46 0.61 0.31 

LSD0.01 0.02 0.02 0.09 0.08 0.004 1.49 1.97 0.81 0.42 

 
Tables 5: Effect of potassium nano-fertilizer application on some macro (%) and micro (ppm) nutrients 

content in seeds of peanut grown on  sandy soil. (Combined analysis of two successive 
summer seasons of 2017 and 2018). 

Treatments 

N P  K  Ca  Mg  Fe Mn Zn Cu K nano-fertilizer  
(ppm) 

100 3.97 0.05 0.47 0.13 0.21 14.00 4.00 33.33 6.33 
200 3.70 0.02 0.48 0.11 0.20 12.33 4.33 35.33 6.67 
300 3.37 0.03 0.51 0.13 0.21 23.67 4.67 53.33 11.00 
400 4.10 0.03 0.40 0.14 0.20 25.00 12.67 40.67 12.33 

50+50 3.73 0.03 0.50 0.14 0.19 13.33 6.33 33.00 7.00 
100+100 3.97 0.03 0.50 0.12 0.17 12.00 4.00 33.00 7.33 
150+150 4.33 0.05 0.52 0.16 0.23 11.67 3.00 35.33 9.67 
200+200 3.43 0.03 0.50 0.14 0.23 19.00 4.00 36.67 6.33 
control 4.13 0.03 0.46 0.12 0.20 15.00 2.33 37.00 4.67 

LSD 0.05 0.11 0.001 0.01 0.01 0.004 0.82 0.48 1.06 0.66 
LSD 0.01 0.14 0.002 0.012 0.01 0.005 1.10 0.65 1.43 0.89 

 
Rank correlation coefficients: 

Data in Table 6 showed that seed yield/fed, oil yield/fed and/ or pod yield/fed of peanut showed 
very strong and positive correlation with other studied traits and yield components, namely shoot fresh 
weight (g), root circumference, number of pods per plant, number of branches per plant, weight of 
shilling pods, pods yield per plant (g), number of seeds per plant and seeds yield per plant (g). Pod 
yield/fed showed very strong and positive (P≤ 0.01) correlation with oil yield/fed, seed yield (kg /fed) 
and Fe (PPm) content of fresh leaves. 
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On the contrary, seed yield/fed and/or pod yield/fed showed very strong negative correlations 
with oil %, seed yield/fed. Also, seed yield/fed, oil yield/fed and/ or pod yield/fed showed negative 
correlation with Ca % seed content. This indicates the importance of these traits in yield and yield 
component of peanut plant grown under sandy soil conditions. 
 
Table 6: Rank correlation coefficient between seed, oil yield, and/ or biological yields/fed   with other 

studied traits for peanut. (Combined analysis of 2 successive summer seasons of 2017 and 
2018). 

Characters 
Seed yield  

Kg/fed 
Oil yield  
Kg/fed 

Pod yield  
Kg/fed 

Shoot fresh weight (g) 0.71** 0.77** 0.61** 
Shoot dry weight (g) 0.2 0.44** 0.59** 
Root circumference 0.40** 0.71** 0.85** 
Root length (cm) 0.09 -0.28* -0.64** 
Total chlorophyll (%) 0.09 0.53** 0.89** 
Plant height (cm) 0.36** 0.51** 0.48** 
No. of branches/ plant 0.49** 0.59** 0.49** 
No. of pods/plant 0.80** 0.85** 0.63** 
Pods yield/ plant (g) 0.96** 0.96** 1.00** 
No. of seeds/plant 0.67** 0.86** 0.83** 
Seed yield/plant (g) 0.96** 0.96** 0.96** 
Weight shilling pods (g) 0.44** -0.03 -0.57** 
oil % -0.01 0.55** 0.86** 
Shilling % 0.11 0.58** 0.89** 
Seed yield Kg/fed.  0.81** 0.36** 
Oil yield Kg/fed 0.96**  0.74** 
Pod yield Kg/fed 0.36** 0.74**  

In fresh samples 
N (%) 0.03 -0.48** -0.87** 
P % -0.09 0.33** 0.70** 
K % 0.1 0.53** 0.88** 
Ca % 0.08 0.54** 0.84** 
Mg % 0.15 0.50** 0.69** 
Fe (ppm) 0.39** 0.05 -0.25 
Mn (ppm)  0.13 0.05 -0.17 
Zn (ppm) 0.03 -0.45** -0.83** 
Cu (ppm) 0.07 0.23 0.17 

In seeds 
N (%) -0.04 0.38** 0.67** 
P % -0.08 -0.42** -0.67** 
K % -0.06 -0.51** -0.89** 
Ca % -0.1 -0.58** -0.94** 
Mg % 0.21 -0.11 -0.38** 
Fe (ppm) -0.01 -0.29* -0.51** 
Mn (ppm)  -0.02 0.01 0.13 
Zn (ppm) 0.28* 0.52** 0.55** 
Cu (ppm) 0.23 0.19 0.15 

Conclusion  
 It can be concluded that foliar application with potassium Nano-fertilizers were a new methods 
to enhance growth and increase both seed yield and oil content of peanut. Potassium nano-fertilizer 
application at level of (150+150 ppm) surpassed other treatments in Seed yield kg/fed., Pod yield kg/fed 
and Oil yield kg/fed. These increase were due to the increase in plant height (cm), No. of branches/ 
plant, No. of pods/plant, pods yield/ plant (g), Seed yield/plant (g) and oil % in addition to nutrients 
content. The increased percentage were 91.5 % in seed yield/ fed., 120 % in Pod yield/ fed. and 99.8 % 
in oil yield/fed. Over to control. These positive effects of potassium Nano-fertilizers on growth and 
yield were due to its properties that are effective to crops, released the nutrients on-demand, controlled 
release of chemicals fertilizers that regulate plant growth and enhanced target activity. 
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