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Introduction
Pepper (Capsicum annuum L.) is one of the most important 

vegetable plants in the world, on this case should be increasing 
its quantity and quality by researchers. Fertilizers are very 
important for plant growth and development. Most of the applied 
fertilizers are rendered unavailable to plants due to many 
factors, such as leaching, degradation by photolysis, hydrolysis 
and decomposition. Hence, it is necessary to minimize nutrient 
losses in fertilization and increase the yield and its components 
through the exploitation for new applications with the help of 
nanotechnology and nanomaterials. Nanotechnology opens a 
large scope of novel application in the fields of biotechnology 
and agricultural industries, because nano-particles have unique 
physicochemical properties, i.e. high surface area, high reactivity, 
tunable pore size and particle morphology [1]. Nano-fertilizers 
have emerged as an alternative to conventional fertilizers for slow 
release and efficient use of water and fertilizers by plants [2]. These 
prevent buildup of the nutrients in the soil there by eliminating 
the risk of eutrophication and drinking water contamination. 
Lithovit is a naturally occurring carbon dioxide (CO2) foliar spray 
made from limestone deposits. It enhances the plant growth and 
results in high productivity by means of increasing the natural  

 
photosynthesis on supplying CO2 at optimum concentration, 
which is much higher than in the atmosphere and at the same time 
does not result in an increase of the CO2 in the atmosphere which 
might create a climatic problem particularly when the rate of 
global warming looms large over agriculture. All lithovit particles 
do not penetrate the stomata at once. Most of them remain as thin 
layer on the leaves surface and penetrate frequently when they get 
wet by dew at night [2].

 Potassium foliar feeding is great significance for plants 
because its includes low cost, quick response to plant, small 
quantity of potassium and it provides compensation for lack of soil 
fixation determine [3]. This experiment aimed to study the effect 
of potassium fertilizer and lithovit nano particles as foliar spray 
alone and combined with potassium, to see its effect on pepper 
plants growth as well as its water relation and some chemical 
components and yield production and its components. 

Materials and Methods

Area of study and sampling 
Under green-house conditions, two pot experiments were 

conducted on a clay loamy soil at Faculty of Agriculture, Menoufia 
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University, Menoufia Governorate, Egypt in 2015 and 2016 
summer seasons. This work conducted to study the effect of four 
rates of potassium fertilizer, 200kg (recommended dose), 250kg, 
300kg and 350kg/fed. from potassium sulfate 48% K2O. Two 
rates of lithovit (CO2 nano-fertilizer which produced by using 
nanotechnology application) 2.5 and 5.0g/l as a foliar application 
as well as their interactions, on growth characters, chemical 
composition, fruit yield and its components of the sweet pepper 
(Capasicum annuum L.) plants.

Table 1: Main characteristics of lithovit®.

Component Value (%) Component Value (%)

Calcium carbonate 79.19 Sulphate 0.33

Nitrogen 0.06 Iron 1.31

Phosphate 0.01 Zinc 0.005

Potassium Oxide 0.21 Manganese 0.014

Magnesium Carbonate 4.62 Copper 0.002

Selisium Dioxide 11.41 Clay 0.79

Lithovit® natural CO2 as a nano - foliar fertilizer “Made in 
Germany” and is distributed by Filmchem L.td. It is a new top 
quality nanotechnological fine powder created by tribodynamic 
activation and micronization. Highly energized lithovit particles, 
sprayed finely onto the leaf surface, are taken up directly through 
the stomata and converted into carbon dioxide. Lithovit is 100% 
organic calcite carbonate from natural limestone deposits, 
suitable for use in organic farming in the European Community, 
harmless to humans and animals and not hazardous to water 
according EWGzoaz/a [4]. The mentioned concentrations of 
CO2 were used as foliar spray on pepper leaves at 20, 40 and 60 
days from transplanting, respectively (Table 1). Two plants per 
pot were transplanting at 1th June in both seasons in pots 30 cm 
diameter, each pot filled with 7kg of clay loamy soil. The chemical 
and physical characteristics of experimental soil in Table 2 are 
shown according to [5].

After showed the aforementioned treatments and throw it’s 
applied, we applied the all agriculture ministry recommended 
fertilization of N, P and K for the control plants and the other 
treatments. The foliar applications were spraying at 20, 40 and 60 
days from transplanting. Weeds and best control as well as other 
agriculture practices were used whenever necessary.

Sampling: Plant samples were taken after 75 days from 
transplanting. 

The following data were recorded

Vegetative growth characters: Root length (cm), plant height 
(cm), leaf area per plant (cm2 / plant) [6], leaf area index (total leaf 
area of plants per pot, cm2/ pot surface area, cm2) fresh and dry 
weight of hole plant (g) (Plant materials were dried in an electric 
oven at 70˚C for 72 hours).

Water relations: Total water content (TWC, %), free and 
bound water [8,9], relative water content (RWC, %) [7], osmotic 
pressure [8], transpiration rate [9]. 

Photosynthetic pigments: The photosynthetic pigments 
were extracted from fresh leaf sample (fourth upper leaf) by 85% 
acetone and determined according to the method described by 
Wettestein’s formula in [10].

Chemical analysis: Total carbohydrates and total sugars 
were determinate using the phenol sulfuric acid method as 
described by [10]. Antioxidant enzymes activities as peroxidase 
and phynoloxidase were determined according to [11,12]. Proline 
concentration was measured according the ninhydrin method of 
[13]. N, P and K were determined as a described by [10].

Yield and its components: fruits number per plant, fruits 
weight per plant and average of fruit weight were determined.

Fruit quality: ascorbic acid (V. C) (mg/100ml juice) was 
determined in fruit juice as described in [10], pH, total soluble 
solids (TSS%) was measured using a hand refractometer as 
described in [10], N, P and K were determined as a described by 
[10].

Statistical analysis: The experimental pots were arranged in 
a factorial experiment in two ways randomized block design with 
six replicates. All data collected were subjected to the standard 
statistical analysis following the proceeding described by [14], 
using the computer program of Costat Software, 1985. The 
analyzed data then presented in tables. 

Table 2: Some chemical and physical properties of experimental soil.

Properties Value

Physical Analysis

Sand% 33

Silt% 34.97

Clay% 31.82

Texture clay loamy

Chemical Analysis

PH 7.4

O.M.% 0.81

CaCO3 1.42

Ec (mmhos/cm) 1.9

Soluble Ions (meq/100g soil)

HCO3 0.62

Cl- 0.45

SO4-2 0.81

Na+ 0.47

K+ 0.49

Ca+2 + Mg+2 0.79

Total N (100) 0.22

Avail. P(Mg.g-1) 0.51
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Results

Growth characters 
The presented data in Table 3A & 3B showed that, the root 

length, plant height, leaf area, leaf area index and dry weight of 

root and shoot of pepper plants increased with increasing the 
levels of potassium fertilizers when compared with the control 
plants. The highest increase was recorded at the second level of 
potassium (300kg/fed.) which reached about 46.15, 56.60, 14.86, 
14.65, 35.64 and 47.32%, respectively.

Table 3A: Effect of potassium fertilizer, lithovit fertilizer and their interaction on growth characters of sweet pepper plants at 70 days during the two 
growing summer season of 2015.

Characters\Treatments
Root Length 

(cm)
Plant Height 

(cm)
Leaf Area 

(cm2)
Leaf Area 

Index

Dry Weight (g)

Potassium Levels 
(kg/fed.) Lithovit Levels (g/l) Root Shoot

Cont. - 9.47 38.13 236.38 0.669 0.243 0.776

250 - 11.79 44.16 548.34 1.551 0.511 2.234

300 - 13.84 59.71 576.43 1.63 1.109 4.448

350 - 12.67 54.51 488.25 1.381 0.962 3.056

Mean 11.94 49.13 462.35 1.31 0.71 2.63

- 0 9.47 38.13 236.38 0.669 0.243 0.776

- 2.5 13.36 47.59 269.85 0.763 0.838 1.015

- 5 15 53.47 311.59 0.881 1.027 2.323

Mean 12.61 46.4 272.61 0.77 0.7 1.37

Control

0 9.47 38.13 236.38 0.669 0.243 0.776

2.5 13.36 47.59 269.85 0.763 0.838 1.015

5 15 53.47 311.59 0.881 1.027 2.323

250

0 11.79 44.16 548.34 1.551 0.511 2.234

2.5 14.23 56.96 578.56 1.636 1.074 2.879

5 18.65 61.77 604.01 1.708 1.32 3.131

300

0 13.84 59.71 576.43 1.63 1.109 4.448

2.5 15.29 72.33 779.56 2.205 1.577 4.776

5 18.97 81.56 821.77 2.324 1.717 5.193

350

0 12.67 54.51 488.25 1.381 0.962 3.056

2.5 14.14 66.85 692.49 1.959 1.399 3.119

5 17.67 69.14 717.11 2.028 1.559 4.246

Mean 15.91 63.71 596.87 1.69 1.31 3.34

LSD Potassium 0.797 4.866 19.869 0.074 0.127 0.777

at 5% Lithovit 1.599 4.345 12.548 0.082 0.188 0.203

Potassium * Lithovit 0.088 1.992 9.684 0.067 ns 0.01
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Table 3B: season 2016.

Characters\Treatments
Root Length 

(cm)
Plant Height 

(cm)
Leaf Area 

(cm2) Leaf area Index

Dry Weight (g)

Potassium Levels (kg/
fed.)

Lithovit Levels 
(g/l) Root Shoot

Cont. - 12.29 45.44 267.29 0.76 0.59 1.38

250 - 15.91 60.73 552.34 1.56 1.06 3.69

300 - 17.33 76.41 780.58 2.21 1.79 5.28

350 - 16 66.59 666.12 1.88 1.37 4.01

Mean - 15.38 62.29 566.58 1.6 1.2 3.59

- 0 12.64 52.3 426.77 1.21 0.95 3.02

- 2.5 15.12 65.21 628.28 1.78 1.19 3.59

- 5 18.38 69.38 644.71 1.82 1.47 4.17

- Mean 15.38 62.3 566.59 1.6 1.2 3.59

Control

0 8.93 39.4 244.23 0.691 0.291 0.93

2.5 12.86 44.98 255.02 0.721 0.529 1.041

5 15.07 51.93 302.63 0.856 0.957 2.165

250

0 13.02 57.72 416.73 1.179 0.784 3.129

2.5 15.31 60.9 618.59 1.75 1.129 3.928

5 19.4 63.58 621.71 1.758 1.272 4.016

300

0 14.95 60.68 585.76 1.657 1.588 4.368

2.5 16.79 82.06 884.42 2.501 1.815 5.497

5 20.25 86.5 871.56 2.465 1.974 5.971

350

0 13.66 51.39 460.35 1.302 1.148 3.647

2.5 15.53 72.89 755.1 2.136 1.291 3.878

5 18.8 75.49 782.92 2.214 1.659 4.517

Mean 16.75 67.29 636.49 1.8 1.33 3.88

LSD Potassium 0.628 2.572 23.579 0.121 0.336 0.491

at 5% Lithovit 1.934 3.587 9.587 0.027 0.211 0.089

Potassium * Lithovit 0.095 0.918 4.003 0.023 0.096 0.012

Data in Table 3 indicate clearly that, the treatments of lithovit 
foliar applications showed a significant increase in all growth 
characters of pepper plants i.e. root length, plant height, leaf 
area, leaf area index and dry weight of root and shoot. All growth 
characters were increased with increasing the levels of lithovit 
foliar applications. The highest increase was recorded at the 
higher level of lithovit (5g/l) which reached about 58.39, 40.23, 
31.82, 31.69, 32.26 and 19.93%, respectively.

 The interaction between potassium levels and lithovit foliar 
applications showed in the same table that an increase in all 
growth characters aforementioned at all potassium levels, and 
the sequences levels of increase at second, third and first levels of 
potassium interacted with lithovit foliar applications respectively, 
when compared with the control plants.

Water relations
The illustrated data in Table 4A & 4B cited that, the all levels 

of potassium fertilizers increased the TWC, free water, bound 
water, RWC and OP in leaves of sweet pepper plants. Meanwhile, 
the levels of potassium recorded a reduction in transpiration 
rate. The highest increase in these measures was recorded at the 
second level of potassium (300kg/fed.) by about 5.15, 29.92, 1.87, 
4.35 and 24.20 %, respectively. The lithovit levels increased the 
TWC, free water, RWC and OP in leaves of sweet pepper plants. 
Meanwhile, the levels of Lithovit caused a reduction in bound 
water and transpiration rate, and the balance in water relations 
increased with increasing the levels of treatments aforementioned. 
The highest increase in these measures was recorded at the 
higher level of lithovit (5g/l) by about 1.05, 14.11, 0.78 and 
9.13%, respectively. The same increase was recorded at the all 
interactions between lithovit and potassium fertilizers. The higher 
increase throws the interactions was recorded at potassium level 
300kg/fed interacted with lithovit level 5.0g/l followed by 2.5g/l, 
respectively when compared with the control plants. 
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Table 4A: Effect of potassium fertilizer, lithovit fertilizer and their interaction on water relations of sweet pepper plants at 70 days during the two 
growing summer season of 2015.

Characters\Treatments
TWC (%) Free Water 

(%)
Bound Water 

(%) RWC (%) O.P. (bar) Transpi. Rate 
(mg/g fw.h)Potassium Levels (kg/

fed.)
Lithovit Levels 

(g/l)

Season 2015

Cont. - 75.09 8.79 66.3 74.42 2.19 0.024

250 - 77.36 10.66 66.7 75.81 2.54 0.024

300 - 78.96 11.42 67.54 77.66 2.72 0.023

350 - 78.81 10.77 68.04 77.43 2.56 0.023

Mean - 77.56 10.41 67.15 76.33 2.5 0.023

- 0 75.09 8.79 66.3 74.42 2.19 0.024

- 2.5 75.69 9.39 66.3 74.93 2.24 0.024

- 5 75.88 10.03 65.85 75 2.39 0.023

- Mean 75.55 9.4 66.15 74.78 2.27 0.024

Control

0 75.09 8.79 66.3 74.42 2.19 0.024

2.5 75.69 9.39 66.3 74.93 2.24 0.024

5 75.88 10.03 65.85 75 2.39 0.023

250

0 77.36 10.66 66.7 75.81 2.54 0.024

2.5 77.92 11.33 66.59 76.29 2.7 0.023

5 78.17 11.52 66.65 76.46 2.74 0.023

300

0 78.96 11.42 67.54 77.66 2.72 0.023

2.5 79.43 12.67 66.76 77.92 2.92 0.022

5 79.57 12.43 67.14 77.94 2.96 0.022

350

0 78.81 10.77 68.04 77.43 2.56 0.023

2.5 79.25 11.52 67.73 77.49 2.74 0.022

5 79.41 11.94 67.47 77.48 2.84 0.023

Mean 78.17 11.35 66.81 76.69 2.69 0.023

LSD Potassium 0.145 0.106 0.392 0.224 0.018 0.0006

at 5% Lithovit 0.179 0.557 0.366 0.062 0.064 0.0009

Potassium * Lithovit 0.116 0.089 0.187 0.038 0.009 0.0004
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Table 4B: season 2016.

Characters\Treatments
TWC (%) Free Water 

(%)
Bound Water 

(%) RWC (%) O.P. (bar) Transpi. Rate 
(mg/g fw.h)potassium Levels (kg/

fed.)
Lithovit Levels 

(g/l)

Cont. - 69.48 8.51 60.96 69.4 2.04 0.025

250 - 77.52 9.74 67.78 71.54 2.17 0.024

300 - 78.22 10.96 67.25 74.57 2.99 0.023

350 - 77.99 11.21 66.78 71.93 2.51 0.024

Mean - 75.8 10.11 65.69 71.86 2.43 0.024

- 0 69.48 8.51 60.96 69.4 2.04 0.025

- 2.5 70.74 8.7 62.04 70.42 2.2 0.024

- 5 72.44 9.41 63.02 72.04 2.29 0.023

- Mean 70.89 8.87 62.01 70.62 2.18 0.024

Control

0 69.48 8.51 60.96 69.4 2.04 0.025

2.5 70.74 8.7 62.04 70.42 2.2 0.024

5 72.44 9.41 63.02 72.04 2.29 0.023

250

0 77.52 9.74 67.78 71.54 2.17 0.024

2.5 77.03 11.16 65.86 73.88 2.56 0.023

5 77.95 11.33 66.62 75.19 2.64 0.022

300

0 78.22 10.96 67.25 74.57 2.99 0.023

2.5 78.29 11.88 66.41 76.48 3.03 0.022

5 79.11 12.2 66.91 79.19 3.15 0.022

350

0 77.99 11.21 66.78 71.93 2.51 0.024

2.5 78.17 11.47 66.7 77.13 2.67 0.022

5 78.89 11.89 67 77.47 2.79 0.022

Mean 76.58 11.01 65.57 75.23 2.67 0.023

LSD Potassium 0.132 0.111 0.358 0.213 0.015 0.0006

at 5% Lithovit 0.184 0.478 0.344 0.101 0.051 0.0008

Potassium * Lithovit 0.125 0.089 0.207 0.029 0.008 0.0005

Photosynthetic pigments 
Data in Table 5 showed that, the pepper plants fertilized 

with K at all levels increased the values of leaves chlorophyll a, 
b and carotenoids contents in both seasons. Whereas, at K level 
300kg/fed. produced the greatest values of leaves plant pigments 
contents.

On the same side, foliar application with 2.5 and 5.0g lithovit/l 
significantly increased leaves concentration of chlorophyll a, b 
and carotenoids as compared with the untreated plants (control) 
in the both of seasons. The highest values of chlorophyll a, b and 
carotenoids content in pepper leaves were obtained as a result 

of foliar spraying of 5.0g lithovit/l by about 78.96, 11.42 and 
67.54% when compared with the control plants. In the same 
table the interaction between potassium levels and Lithovit 
foliar applications recorded an increase in chlorophyll a, b and 
carotenoids at all potassium levels. The sequences levels of 
increases at second, third and first levels of potassium interacted 
with lithovit foliar applications. The highest value throws the 
interactions was recorded at potassium level 300kg/fed interacted 
with lithovit level 5.0g/l respectively, when compared with the 
control plants. The results in the second season are the seamed 
of the first one.

http://dx.doi.org/10.19080/ARTOAJ.2019.19.556098


How to cite this article: Ahmed Mohamed Abd El-All. Nano-Fertilizer Application to Increase Growth and Yield of Sweet Pepper under Potassium Levels. 
Agri Res& Tech: Open Access J. 2019; 19(4): 556098. DOI: 10.19080/ARTOAJ.2019.19.556098.00151

Agricultural Research & Technology: Open Access Journal 

Table 5: Effect of potassium fertilizer, lithovit fertilizer and their interaction on photosynthetic pigments of leaves of sweet pepper plants at 70 days 
during the two growing summer seasons of 2015 and 2016.

Characters\Treatments Chlorophyll a (mg/g d.wt.) Chlorophyll b (mg/g d.wt.) Carotenoids (mg/g d.wt.)

Potassium Levels (kg/fed.) Lithovit Levels 
(g/l) 2014 Season 2015 

Season
2014 

Season 2015 season 2014 
Season 2015 Season

Cont. - 3.03 3.12 1.16 1.23 1.03 1.01

250 - 3.16 3.22 1.22 1.28 1.08 1.09

300 - 3.47 3.7 1.83 1.94 1.46 1.47

350 - 3.15 3.61 1.24 1.52 1.08 1.12

Mean - 3.2 3.41 1.36 1.49 1.16 1.173

- 0.0 3.03 3.12 1.16 1.23 1.03 1.01

- 2.5 3.08 3.4 1.15 1.42 1.04 1.07

- 5.0 3.39 3.51 1.35 1.46 1.24 1.36

Mean 3.17 3.34 1.22 1.37 1.1 1.147

Control

0.0 3.03 3.12 1.16 1.23 1.03 1.01

2.5 3.08 3.4 1.15 1.42 1.04 1.07

5.0 3.39 3.51 1.35 1.46 1.24 1.36

250

0.0 3.16 3.22 1.22 1.28 1.08 1.09

2.5 3.33 3.4 1.28 1.35 1.15 1.17

5.0 3.5 3.57 1.4 1.5 1.36 1.38

300

0.0 3.47 3.7 1.83 1.94 1.46 1.47

2.5 3.59 3.86 1.87 2.03 1.58 1.62

5.0 3.69 3.96 1.91 2.09 1.71 1.75

350

0.0 3.15 3.61 1.24 1.52 1.08 1.12

2.5 3.34 3.76 1.29 1.64 1.17 1.21

5.0 3.48 3.84 1.37 1.79 1.3 1.42

Mean 3.43 3.66 1.45 1.66 1.32 1.373

LSD Potassium 0.036 0.006 0.064 0.002 0.094 0.033

at 5% Lithovit 0.015 0.016 0.013 0.007 0.038 0.024

Potassium *Lithovit 0.011 0.013 0.007 0.004 0.023 0.021

Chemical composition 
Data in Table 6 showed that, the leaves chemical contents of 

pepper plants which fertilized by K at all levels increased the leaves 
total carbohydrates, total sugars, N%, p% and K%. Meanwhile, the 

activity of peroxidase and phynoloxidase and prolien concentration 
were decreased as a result of K treatments when compared with 
the control plants. Whereas, at K level 300kg/fed. produced the 
highest values of leaves chemical contents a aforementioned.
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Table 6: Effect of potassium fertilizer, lithovit fertilizer and their interaction on chemical composition in leaves of sweet pepper plants at 70 days 
during the growing summer season of 2016.

Characters\Treatments Total 
Carbohydrates 

(Mg/g d. wt)

Total Sugars 
(Mg/g d. wt)

Per-oxidase 
O.D./g Fwt. 
after 2min.

Per-oxidase 
O.D./g Fwt. 

after 45min.

Proline conc.µg 
lucine/gm d.wt N % P % K %Potassium 

Levels (kg/fed.)
Lithovit 

Levels (g/l)

Cont. - 106.46 18.67 166.92 150.45 427.88 2.74 0.23 2.52

250 - 148.46 27. 40 162.58 144.64 409.15 2.93 0.28 2.77

300 - 217.5 36.69 154.86 134.19 372.07 3.39 0.3 3.2

350 - 196.12 29.76 159.75 139.77 389.52 3.28 0.29 3.09

Mean - 167.14 28.13 161.03 142.26 399.66 3.09 0.28 2.9

- 0.0 106.46 18.67 166.92 150.45 427.88 2.74 0.23 2.52

- 2.5 149.87 34.75 158.34 140.73 413.22 2.86 0.28 2.73

- 5.0 162.33 38.35 149.41 129.37 416.38 3.09 0.39 3.2

Mean 139.55 30.59 158.22 140.18 419.16 2.9 0.3 2.82

Control

0.0 106.46 18.67 166.92 150.45 427.88 2.74 0.23 2.52

2.5 149.87 34.75 158.34 140.73 413.22 2.86 0.28 2.73

5.0 162.33 38.35 149.41 129.37 416.38 3.09 0.39 3.2

250 0.0 148.46 27. 40 162.58 144.64 409.15 2.93 0.28 2.77

2.5 189.42 39.12 148.55 129.29 402.72 3.09 0.29 3.04

5.0 204.11 43.68 137.54 116.93 403.71 3.27 0.31 3.29

300 0.0 217.5 36.69 154.86 134.19 372.07 3.39 0.3 3.2

2.5 231.39 40.58 143.57 121.64 340.38 3.51 0.34 3.46

5.0 233.34 48.16 135.24 112.86 368.82 3.6 0.36 3.5

350 0.0 196.12 29.76 159.75 139.77 389.52 3.28 0.29 3.09

2.5 211.57 36.34 148.34 127.28 371.6 3.44 0.31 3.27

5.0 222.45 42.56 140.79 119.01 386.35 3.56 0.32 3.38

Mean 200.56 40.44 145.22 124.64 387.9 3.3 0.33 3.23

LSD Potassium 17.817 1.967 2.358 4.058 14.542 0.092 0.008 0.114

at 5% Lithovit 10.383 3 7.15 8.1 2.633 0.1 0.042 0.175

Potassium *Lithovit 1.625 0.933 0.175 1.675 0.825 0.033 0.009 0.017

When regard to the content of measured chemicals and were 
recorded in Table 6, the data showed that, the lithovit levels had 
a significant increase in leaves chemical compositions i.e., total 
carbohydrates, total sugars, N, P and K%. Meanwhile, the enzymes 
activity (peroxidase and phynoloxidase) and prolien were 
recorded a low concentration as a result of lithovit treatments 
when compared with the control plants. The highest increase of 
total carbohydrates, total sugars, nitrogen %, phosphorus % and 
potassium % content in pepper leaves were obtained as a result of 
foliar spraying of 5.0g lithovit/l as a compared with the untreated 
plants.

At the same table the leaves chemical contents were increased 
at the all interactions between potassium levels and lithovit 

foliar applications at the sequence’s levels of increase at second, 
third and first levels of potassium interacted with lithovit foliar 
applications. The higher increase in total carbohydrates, total 
sugars, N%, p % and K % was recorded at potassium level 
300kg/fed interacted with lithovit level 5.0g/l respectively, when 
compared with the control plants.

From the results in Tables 7 & 8, it is observed that, the fruit 
weight, fruit No./plant, fruit yield/plant, straw yield, vitamin C., 
total carbohydrates, T.S.S. and protein contents in fruits of pepper 
plants increased with increasing the levels of potassium fertilizers 
when compared with the yield components of control plants. The 
higher increase was recorded at the second level of potassium 
(300kg/fed.).
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Yield and its components
Table 7: Effect of potassium fertilizer, lithovit fertilizer and their interaction on yield and its components of sweet pepper plants during the two 
growing summer seasons of 2015 and 2016.

Characters\Treatments Fruit Weight (gm) Frits No./Plant Frits Yield/Plant (gm) Straw Yield (g/Plant)

Potassium 
Levels (kg/fed.)

Lithovit 
Levels (g/l)

2014 
Season

2015 
Season

2014 
Season

2015 
Season

2014 
Season

2015 
season

2014 
season

2015 
season

Cont. - 15.06 14.2 12.75 13.18 148.67 153.6 5.04 5.17

250 - 18.75 20.7 14.77 19.3 344.87 262.09 10.81 8.63

300 - 22.01 23.77 19.97 20.29 362.53 368.4 11.56 11.78

350 - 20.15 21.72 18.23 17.19 307.08 289.53 9.87 9.38

Mean 18.99 20.1 16.43 17.49 290.79 268.41 9.32 8.74

- 0.0 15.06 14.2 12.75 13.18 148.67 153.6 5.04 5.17

- 2.5 21.24 20.45 15.92 15.04 169.72 160.39 5.91 5.6

- 5.0 23.85 23.96 17.88 17.37 195.97 190.33 6.79 6.62

Mean 20.05 19.54 15.52 15.2 171.45 168.11 5.91 5.8

Control

0.0 15.06 14.2 12.75 13.18 148.67 153.6 5.04 5.17

2.5 21.24 20.45 15.92 15.04 169.72 160.39 5.91 5.6

5.0 23.85 23.96 17.88 17.37 195.97 190.33 6.79 6.62

250

0.0 18.75 20.7 14.77 19.3 344.87 262.09 10.81 8.63

2.5 22.63 24.34 19.05 20.37 363.87 389.05 11.59 12.39

5.0 29.65 30.85 20.66 21.26 379.88 391.01 12.29 12.66

300 0.0 22.01 23.77 19.97 20.29 362.53 368.4 11.56 11.78

2.5 24.31 26.7 24.19 27.44 490.29 556.24 15.39 17.44

5.0 30.16 32.2 27.28 28.93 516.84 548.15 16.41 17.41

350

0.0 20.15 21.72 18.23 17.19 307.08 289.53 9.87 9.38

2.5 22.48 24.69 22.36 24.38 435.53 474.91 13.72 14.97

5.0 28.1 29.89 23.12 25.25 451.01 492.4 14.35 15.64

Mean 25.3 26.64 21.31 22.51 375.39 400.31 12.06 12.84

LSD Potassium 1.376 0.993 1.578 1.893 28.005 14.663 0.907 0.722

at 5% Lithovit 5.074 2.408 0.852 0.757 19.943 5.68 0.766 0.321

Potassium *Lithovit 0.138 0.321 0.697 0.798 14.202 1.798 0.578 0.028

The data in Table 7 & 8 observed that, lithovit at levels 2.5 and 
5g/l. significantly increased the fruit weight, frits No. / plant, frits 
yield / plant, straw yield, vitamin C., total carbohydrates, T.S.S. 
and protein contents in fruits as compared with the control. The 
level of lithovit 5g/l was recorded a higher level. Similar, results 
were obtained in the second season. The interaction between 

potassium levels and lithovit foliar applications recorded an 
increase in all yield components at all levels of treatments under 
studying. Therefore, the levels sequences of increase as followed 
second, third and first levels of potassium interacted with lithovit 
foliar applications respectively, when compared with the control 
plants. The results in first and second season are seamed.
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Table 8: Effect of potassium fertilizer, lithovit fertilizer and their interaction on fruit chemical constituents of sweet pepper plants during the growing 
summer season 2016.

Characters\Treatments PH Vit. C (mg Ascorbic 
Acid / 100g f.wt. Fruit

T.S.S. (Mg/g d. 
wt)

Total Carbohydrates 
(Mg/g d. wt)

Total 
Protein %

Potassium Levels (kg/fed.) Lithovit Levels (g/l)

Cont. - 5.11 23.74 116.76 247.96 8.92

250 - 5.37 34.27 120.51 255.91 9.26

300 - 5.48 62.51 126.97 269.63 11.11

350 - 5.43 54.82 124.54 264.48 10.72

Mean - 5.35 43.84 122.2 259.5 10

- 0.0 5.11 23.74 116.76 247.96 8.92

- 2.5 5.28 31.38 118.72 252.12 9.22

- 5.0 5.42 35.8 123.29 261.81 9.58

Mean 5.27 30.31 119.59 253.96 9.24

Control

0.0 5.11 23.74 116.76 247.96 8.92

2.5 5.28 31.38 118.72 252.12 9.22

5.0 5.42 35.8 123.29 261.81 9.58

250

0.0 5.37 34.27 120.51 255.91 9.26

2.5 5.55 45.77 123.68 262.64 11.42

5.0 5.67 47.62 128.68 273.26 11.88

300

0.0 5.48 62.51 126.97 269.63 11.11

2.5 5.59 71.34 143.45 304.62 13.18

5.0 5.75 74.23 149.33 317.11 13.49

350

0.0 5.43 54.82 124.54 264.48 10.72

2.5 5.54 57.86 129.47 274.95 11.95

5.0 5.61 60.48 135.34 287.4 12.5

Mean 5.55 53.06 131.5 279.24 11.65

LSD Potassium 0.046 6.077 2.185 4.548 0.337

at 5% Lithovit 0.131 2.967 1.789 3.945 0.258

Potassium *Lithovit 0.037 1.664 0.858 1.593 0.281

Discussion
The highest potassium fertilization rate (200kg/fed.) gave 

the tallest sweet pepper plants, and the highest number of leaves 
and branches per plants and the highest fresh and dry weights of 
leaves [15,16]. Foliar application of bio-stimulants and lithovit 
with or without boron application significantly increased potato 
growth parameters (i.e. Plant height, branch number per plant, 
shoot fresh and dry weights, and leaf area per plant), as well as the 
potato tuber number and total tuber yield per plant [17,18]. This 
interaction had a significant effect on plant height and number of 
fruiting branches/plant in both seasons, where the taller plants 
were obtained from plants sown late on 8thJune and received the 
high level of both Potasin-P (7.5cm3/l) and CO2 fertilizer (7.5g/l) 
[19].

Foliar application of potassium mono phosphate (PMP) 
at 200ppm concentration increased the Chlorophyll a content 
[15,16,20]. Lithovit gave the highest increase in total chlorophyll 
and this increase is due to the micro-size particles of lithovit 
which allow it to be easily to absorb by plant as well as the lithovit 

contains Mg which induces the total chlorophyll in plant [17]. 
The highest leaves chlorophyll a, b, total chlorophyll, carotenoids 
contents were obtained from plants sown in early planting which 
received the medium level of Potasin-P (5cm3/l) and CO2 fertilizer 
as a spray at the high rate (7.5g/l) [19].

Sweet pepper leaves chemical composition (N, P and K) were 
increased with increasing potassium fertilization [16]. Lithovit 
gave the highest increase in nutrient uptake, total sugar, total 
soluble solids [17]. The highest leaf P content in the first season 
and K values in both seasons were obtained from plants sown in 
early planting date (8th April) which received the high level of 
Potasin-P (7.5cm3/l) and CO2 fertilizer as a spray at the high rate 
(7.5g/l). The highest leaves N, total sugars and total carbohydrates 
contents were obtained from plants sown in early planting date 
(8th April) which received the medium level of Potasin-P (5cm3/l) 
and CO2 fertilizer as a spray at the high rate (7.5g/l) [19].

 The highest potassium fertilization rate (200kg/fed.) gave 
the highest total yield, and the fruit length, average fruit weight 
and vitamin C content were increased with increasing potassium 
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fertilization [16]. Pepper plants were affected according to the 
application of mono potassium phosphate (MKP) recorded plant 
yield. Foliar spray of K showed an enhancement of fruits number 
and weight, as well as total acidity and vitamin C concentrations 
[21]. Lithovit gave the highest increase in some plant traits (fruit 
diameter, fruit weight, fresh yield, nutrient uptake, total sugar 
and total soluble solids) [17,18]. Number of fruiting branches/
plant reached its maximum from plants sown on early on 8th April 
and received the high rate of both Potasin-P (7.5cm3/l) and CO2 
fertilizer (7.5g/l) [19].

 Potassium is one of the most important and essential macro-
elements of plant nutrients and is also the most abundant cation 
in plants. The K fertilizer importance for the formation of crop 
production and its quality is known. A strong positive relationship 
between K fertilizer input and grain yield has been shown [22]. 
Potassium plays essential roles in enzyme activation, protein 
synthesis, photosynthesis, osmoregulation, stomatal movement, 
energy transfer, phloem transport, cation-anion balance and 
stress resistance [23]. So that, the metabolic activities in the plant 
cell depends entirely with K and that reflex on the plant growth, 
development and its production (quantity and quality). The 
importance of potassium (K) in plant nutrition and agricultural 
crop production has been well documented and foliar spray 
is being considered and ideal method for its application for 
improvement of crop production [24]. Moreover K+ considered to 
fruit weight, color, dry matter content and final yield of tomatoes 
[25]. Moreover, foliar K application resulted in improved number 
of fruits and quality attributes i.e color and ascorbic acid content 
[26]. An improvement of fruit quality due to appropriates K+ 
nutrition might be due to improved photosynthesis assimilation, 
their translocation from leaves to fruit and increase in enzyme 
activation [27] and increasing in vitamin C concentration [28].

 The Foliar fertilizers from the lithovit range are the first 
foliar fertilizers that enhance the photosynthesis rate by releasing 
CO2 inside the leaf, intensifying the plants metabolism, while 
feeding macro and micro nutrient needed by the plants for 
healthy growth and development. Due to the direct interference 
of lithovit in photosynthesis process and the increase in the 
output of this process, this effect is due to the increase in activity 
and metabolism of plant cell represented in the composition of 
chlorophyll, enzymes and plant hormones and its important in 
the plant growth process and development and this is reflected in 
the quantity and quality of the crop of treated plants. The micro-
size particles of lithovit allow it to be easily absorbed by plant as 
well as its Mg content which increases total chlorophyll in plant 
and finally the release of carbon dioxide in plant tissues due to 
decomposition of calcium carbonate [29-31] leading to increased 
photosynthesis which could explain the positive effect of lithovit 
on vegetative growth.

Conclusion
It can be concluded that there is more promise for the use of 

nano-chemical approaches in crop production instead of using 

organic farming and growing public concern to minimize the use 
of chemicals. The results of this study showed that foliar spray of 
lithovit plus potassium fertilizer enhanced sweet pepper plants 
growth, yield quality and quantity. 

Acknowledgment
I extend my sincere thanks to all the employees of Botany 

Department, Agriculture Faculty, Menoufia University, Egypt, 
including my professors and colleagues for their support and help 
me in ending this work.

Conflict of Interest Statement
The author whose name are listed immediately below 

certify that they have no affiliations with or involvement in 
any organization or entity with any financial interest (such as 
honoraria, educational grants, participation in speakers’ bureaus, 
membership, employment, consultancies, stock ownership, or 
other equity interest, and expert testimony or patent-licensing 
arrangements), or non-financial interest (such as personal or 
professional relationships, affiliations, knowledge or beliefs) in 
the subject matter or materials discussed in this manuscript.

Significant statement
This study confirmed that the use of potassium fertilizer 

interacted with lithovit application on sweet pepper led to increase 
the productivity of pepper plants in terms of quantity and quality.

References
1.	 Siddiqui MH, Al-Whaibi MH, Firoz M, Al-Khaishany MY (2015) Role of 

nanoparticles in plants. Nanotechnology and plant Sci 2: 19-35.

2.	 Kumar P (2011) Nanotechnology in agriculture. Financing Agriculture 
43: 8-10. 

3.	 Ashfaq A, Hussain N, Athar M (2015) Role of potassium fertilizers in 
plant growth, crop yield and quality fiber production of cotton. Fuuast 
J Biol 5(1): 27-35.

4.	 Bilal BA (2010) Lithovit: How it acts as fertilizer. Pro-active agriculture.

5.	 Page AL (1982) Methods of Soil Analysis Part 2 (2nd edn), Chemical 
and Microbiological Properties. Soil Sci Amer Inc., Madison, Wisconsin, 
USA, p. 24.

6.	 Fladung M, Ritter E (1991) Plant Leaf Area Measurements by Personal 
Computers. Journal of Agronomy and Crop Science 166(1): 69-70.

7.	 Barrs HD, Weatherley PE (1962) Arc examination of the relative tur-
gidity technique for estimating water deficits in leaves. Aust J BioI Sci 
15: 413-428.

8.	 Gosev NA (1960) Some methods in studying plant water relation. Len-
ingrad Acad of Sci USSR. 

9.	 Kreeb KH (1990) Methoden Zur Pflanzenokologie und Bioindikation. 
Gustav Fisher Jena, New York, USA, pp. 327.

10.	AOAC (1995) Association of Official Agriculture Chemists. Official 
Methods of Analysis (12th edn), Washington, USA.

11.	Fehrman H, Dimond AE (1967) Peroxidase activity and phytophthora 
resistance in different organs of the potato. Plant pathology 57: 69-72.

12.	Broesh S (1954) Colorimetric assay of phenoloxidase. Bull Soc Chem 
Biol 36(4-5): 711-713.  

http://dx.doi.org/10.19080/ARTOAJ.2019.19.556098
https://link.springer.com/chapter/10.1007/978-3-319-14502-0_2
https://link.springer.com/chapter/10.1007/978-3-319-14502-0_2
https://fuuast.edu.pk/biology%20journal/images/pdfs/June,%202015/05-%20Athar%20Tariq%2027-35.pdf
https://fuuast.edu.pk/biology%20journal/images/pdfs/June,%202015/05-%20Athar%20Tariq%2027-35.pdf
https://fuuast.edu.pk/biology%20journal/images/pdfs/June,%202015/05-%20Athar%20Tariq%2027-35.pdf
https://dl.sciencesocieties.org/publications/books/pdfs/agronomymonogra/methodsofsoilan2/frontmatter
https://dl.sciencesocieties.org/publications/books/pdfs/agronomymonogra/methodsofsoilan2/frontmatter
https://dl.sciencesocieties.org/publications/books/pdfs/agronomymonogra/methodsofsoilan2/frontmatter
https://onlinelibrary.wiley.com/doi/pdf/10.1111/j.1439-037X.1991.tb00885.x
https://onlinelibrary.wiley.com/doi/pdf/10.1111/j.1439-037X.1991.tb00885.x
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1881811
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1881811
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1881811
http://www.gbv.de/dms/bs/toc/027425541.pdf
http://www.gbv.de/dms/bs/toc/027425541.pdf
https://www.ncbi.nlm.nih.gov/pubmed/13199551
https://www.ncbi.nlm.nih.gov/pubmed/13199551


00156

Agricultural Research & Technology: Open Access Journal 

How to cite this article: Ahmed Mohamed Abd El-All. Nano-Fertilizer Application to Increase Growth and Yield of Sweet Pepper under Potassium Levels. 
Agri Res& Tech: Open Access J. 2019; 19(4): 556098. DOI: 10.19080/ARTOAJ.2019.19.556098.

13.	Bates LS, Waldem RP, Teare ID (1973) Rapid determination of free pro-
line under water stress studies. Plant and Soil 39(1): 205-207. 

14.	Gomez KA, Gomez AA (1984) Statistical procedures for agricultural re-
search. (2nd edn), Jahn Wiley Sons, New York, USA, pp. 704.

15.	Hussein MM, El-Faham SY, Alva AK (2012) Pepper plants growth, yield, 
photosynthetic pigments, and total phenols as affected by foliar appli-
cation of potassium under different salinity irrigation water. Agric Sci 
3(2): 241-248.

16.	El-Bassiony AM, Fawzy ZF, Abd El-Samad EH, Riad GS (2010) Growth, 
yield and fruit quality of sweet pepper plants (Capsicum annuum L.) as 
affected by potassium fertilization. Journal of American science 6(12): 
722-729. 

17.	Morsy NM, Abdel-Salam MA, Shams AS (2018) Comparing Response of 
Melon (Cucumis melo) to Foliar Spray of Some Different Growth Stimu-
lants under Two Nitrogen Fertilizer Forms. Egypt J Hort 45(1): 81-91. 

18.	Farouk S (2015) Improving growth and productivity of potato (Sola-
num tuberosum L.) by some biostimulants and lithovit with or without 
boron. J Plant Production Mansoura Univ 6(12): 2187-2206.

19.	Saad El-Din SO (2016) Using of nano-technology application for in-
creasing growth, yield and quality of Egyptian cotton under different 
potassium fertilization levels and planting dates. Crops Dep Mansoura 
Univ, Egypt, pp. 237.

20.	Dong H, Tang W, Li Zhenhual, Zhang D (2004) On potassium deficiency 
in cotton – disorder, cause and tissue diagnosis. Agric Conspectus sci 
69(2-3): 77-85. 

21.	Hegazi AM, El-Shraiy AM, Ghoname AA (2017) Growth, yield and nu-
tritional quality of sweet pepper plants as affected by potassium and 
phosphate fertilizers varying in source and solubility. Current Science 
International 6(2): 445-457.

22.	Dong H, Kong X, Li W, Tang W, Zhang D (2010) Effects of plant density 
and nitrogen and potassium fertilization on cotton yield and uptake 
of major nutrients in two fields with varying fertility. Field Crop Res 
119(1): 106-113.

23.	Marschner PM (2012) Mineral Nutrition of Higher Plants. (3rd edn), Ac-
ademic Press, London, UK, pp. 672.

24.	Bidari BI, Hebsur NS (2011) Potassium in relation to yield and quality 
of selected vegetable crops. Karnataka J Agric Sci 24(1): 55-59.

25.	Laster GE, Jifon JL, Stewart WM (2005) Supplemented foliar potassium 
improves cantaloupe marketable and nutritional quality. Better crops 
91(1): 24-25.

26.	Jifon JL, Laster GE (2009) Foliar potassium fertilization improves fruit 
quality of field grown muskmelon on calcareous soil in South. J Sci Food 
Agric 89(14): 2452-2460.

27.	Kanai S, Ohkura K, Adu-Gyamfi JJ, Mohapatra PK, Nguyen NT, Saneoka 
H, et al. (2007) Depression of sink activity precedes the inhibition of 
biomass production in tomato plants subjected to potassium deficien-
cy stress. J Exp Bot 58(11): 2917-2928.

28.	Oded A, Uzi K (2003) Enhanced performance of processing tomatoes 
by potassium nitrate based nutrition. Acta Hort 613: 81-87. 

29.	Raven JA (2003) Cycling silicon - the role of accumulation in plants. 
New Phytologist 158(3): 419-421.

30.	Cai K, Gao D, Chen J, Luo S (2009) Probing the mechanisms of sili-
con-mediated pathogen resistance. Plant Signal Behav 4(1): 1-3.

31.	Abo-Sedera FA, Shams AS, Mohamed MHM, Hamoda AHM (2016) Effect 
of organic fertilizer and foliar spray with some safety compounds on 
growth and productivity of snap bean. Annals of Agric Sci Moshtohor 
54(1): 105-118. 

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

                    Track the below URL for one-step submission 
            https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/ARTOAJ.2019.19.556098

http://dx.doi.org/10.19080/ARTOAJ.2019.19.556098
https://link.springer.com/article/10.1007/BF00018060
https://link.springer.com/article/10.1007/BF00018060
https://www.wiley.com/en-us/Statistical+Procedures+for+Agricultural+Research%2C+2nd+Edition-p-9780471870920
https://www.wiley.com/en-us/Statistical+Procedures+for+Agricultural+Research%2C+2nd+Edition-p-9780471870920
http://file.scirp.org/pdf/AS20120200011_20011235.pdf
http://file.scirp.org/pdf/AS20120200011_20011235.pdf
http://file.scirp.org/pdf/AS20120200011_20011235.pdf
http://file.scirp.org/pdf/AS20120200011_20011235.pdf
https://www.semanticscholar.org/paper/Growth-%2C-Yield-and-Fruit-Quality-of-Sweet-Pepper-(-El-Bassiony-Fawzy/21aa218c298b70ef9a8e27ab63f00bf68cef2b76
https://www.semanticscholar.org/paper/Growth-%2C-Yield-and-Fruit-Quality-of-Sweet-Pepper-(-El-Bassiony-Fawzy/21aa218c298b70ef9a8e27ab63f00bf68cef2b76
https://www.semanticscholar.org/paper/Growth-%2C-Yield-and-Fruit-Quality-of-Sweet-Pepper-(-El-Bassiony-Fawzy/21aa218c298b70ef9a8e27ab63f00bf68cef2b76
https://www.semanticscholar.org/paper/Growth-%2C-Yield-and-Fruit-Quality-of-Sweet-Pepper-(-El-Bassiony-Fawzy/21aa218c298b70ef9a8e27ab63f00bf68cef2b76
http://journals.ekb.eg/article_7256.html
http://journals.ekb.eg/article_7256.html
http://journals.ekb.eg/article_7256.html
http://srv4.eulc.edu.eg/eulc_v5/Libraries/UploadFiles/DownLoadFile.aspx?RelatedBibID=MmJiNGFhMDItMDFjZC00MmQzLThjZjAtZTVhZjE4YTM3ODIwX2l0ZW1zXzEyMzg0NTA1XzM1Mjg5MV9f&filename=730.pdf
http://srv4.eulc.edu.eg/eulc_v5/Libraries/UploadFiles/DownLoadFile.aspx?RelatedBibID=MmJiNGFhMDItMDFjZC00MmQzLThjZjAtZTVhZjE4YTM3ODIwX2l0ZW1zXzEyMzg0NTA1XzM1Mjg5MV9f&filename=730.pdf
http://srv4.eulc.edu.eg/eulc_v5/Libraries/UploadFiles/DownLoadFile.aspx?RelatedBibID=MmJiNGFhMDItMDFjZC00MmQzLThjZjAtZTVhZjE4YTM3ODIwX2l0ZW1zXzEyMzg0NTA1XzM1Mjg5MV9f&filename=730.pdf
http://main.eulc.edu.eg/eulc_v5/Libraries/Thesis/BrowseThesisPages.aspx?fn=PublicDrawThesis&BibID=12359890
http://main.eulc.edu.eg/eulc_v5/Libraries/Thesis/BrowseThesisPages.aspx?fn=PublicDrawThesis&BibID=12359890
http://main.eulc.edu.eg/eulc_v5/Libraries/Thesis/BrowseThesisPages.aspx?fn=PublicDrawThesis&BibID=12359890
http://main.eulc.edu.eg/eulc_v5/Libraries/Thesis/BrowseThesisPages.aspx?fn=PublicDrawThesis&BibID=12359890
https://acs.agr.hr/acs/index.php/acs/article/view/194
https://acs.agr.hr/acs/index.php/acs/article/view/194
https://acs.agr.hr/acs/index.php/acs/article/view/194
http://www.curresweb.com/csi/csi/2017/445-457.pdf
http://www.curresweb.com/csi/csi/2017/445-457.pdf
http://www.curresweb.com/csi/csi/2017/445-457.pdf
http://www.curresweb.com/csi/csi/2017/445-457.pdf
https://www.sciencedirect.com/science/article/pii/S0378429010001668
https://www.sciencedirect.com/science/article/pii/S0378429010001668
https://www.sciencedirect.com/science/article/pii/S0378429010001668
https://www.sciencedirect.com/science/article/pii/S0378429010001668
https://www.elsevier.com/books/marschners-mineral-nutrition-of-higher-plants/marschner/978-0-12-384905-2
https://www.elsevier.com/books/marschners-mineral-nutrition-of-higher-plants/marschner/978-0-12-384905-2
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1015.6430&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1015.6430&rep=rep1&type=pdf
http://ipni.net/ppiweb/bcrops.nsf/$webindex/73D13512FB62D898852572760079811B/$file/07-1p24.pdf
http://ipni.net/ppiweb/bcrops.nsf/$webindex/73D13512FB62D898852572760079811B/$file/07-1p24.pdf
http://ipni.net/ppiweb/bcrops.nsf/$webindex/73D13512FB62D898852572760079811B/$file/07-1p24.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.3745
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.3745
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.3745
https://www.ncbi.nlm.nih.gov/pubmed/17630289
https://www.ncbi.nlm.nih.gov/pubmed/17630289
https://www.ncbi.nlm.nih.gov/pubmed/17630289
https://www.ncbi.nlm.nih.gov/pubmed/17630289
http://www.actahort.org/members/showpdf?booknrarnr=613_8
http://www.actahort.org/members/showpdf?booknrarnr=613_8
https://nph.onlinelibrary.wiley.com/doi/full/10.1046/j.1469-8137.2003.00778.x
https://nph.onlinelibrary.wiley.com/doi/full/10.1046/j.1469-8137.2003.00778.x
https://www.ncbi.nlm.nih.gov/pubmed/19568332/
https://www.ncbi.nlm.nih.gov/pubmed/19568332/
http://www.bu.edu.eg/portal/uploads/Agriculture/Horticulture/1143/publications/Abd%20El-Hakeem%20Saad%20Abd%20El-Hakeem%20Ahmed%20Shams_AHMED%20%20HAMOUDA%20MOHAMED%20105-118.pdf
http://www.bu.edu.eg/portal/uploads/Agriculture/Horticulture/1143/publications/Abd%20El-Hakeem%20Saad%20Abd%20El-Hakeem%20Ahmed%20Shams_AHMED%20%20HAMOUDA%20MOHAMED%20105-118.pdf
http://www.bu.edu.eg/portal/uploads/Agriculture/Horticulture/1143/publications/Abd%20El-Hakeem%20Saad%20Abd%20El-Hakeem%20Ahmed%20Shams_AHMED%20%20HAMOUDA%20MOHAMED%20105-118.pdf
http://www.bu.edu.eg/portal/uploads/Agriculture/Horticulture/1143/publications/Abd%20El-Hakeem%20Saad%20Abd%20El-Hakeem%20Ahmed%20Shams_AHMED%20%20HAMOUDA%20MOHAMED%20105-118.pdf
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/ARTOAJ.2019.19.556098

	Nano-Fertilizer Application to Increase Growth and Yield of Sweet Pepper under Potassium Levels
	Abstract
	Keywords
	Abbreviations
	Introduction
	Materials and Methods 
	Area of study and sampling  
	The following data were recorded 

	Results
	Growth characters  
	Water relations
	Photosynthetic pigments  
	Chemical composition  
	Yield and its components 

	Discussion
	Conclusion
	Acknowledgment
	Conflict of Interest Statement 
	Significant statement 
	References
	Table 1
	Table 2
	Table 3
	Table 3A
	Table 3B

	Table 4
	Table 4A
	Table 4B

	Table 5
	Table 6
	Table 7
	Table 8

