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ABSTRACT: This study was carried out at the Experimental Farm of Faculty of Agriculture 

(Saba-Basha), Alexandria University, Egypt ,at Abees region during 2013/2014 and 2014/2015 
seasons to study the effect of phosphorus and potassium fertilizer rates and different 
biofertilization treatments on growth, yield, yield components and chemical grain contents of six 
rows barley (Hordeum vulgare, L.) variety Giza 123.The  experimental design used was a split- 
split plot with three replicates, where the three phosphorus application rates (0, 37.2 and 74.4 
kg P2O5 /ha) were randomly distributed on main plot, three potassium fertilizer levels (0, 57.6 
and 115.2 kg K2O/ha) were located in sub-plots, whereas the three biofertilization treatments i.e. 
uninoculation, inoculation with phosphorein and inoculation with potassmage were occupied the 
sub-sub plots. Application of 74.4 kg P2O5 /ha significantly gave the highest value of yield and 
its attributes i.e. plant height (cm), number of tillers/m

2
, spike length (cm), number of spikes/m

2
, 

number of grains /spike, spike weight/m
2
, 1000-grain weight (g), grains yield (t/ha), biological 

yield (t/ha) and harvest index (%) and N, P, K and protein percentages in grains. Increasing 
potassium application of 115.2 kg K2O/ha increased the yield and its components, as well as, all 
chemical composition in grains. Inoculation potassmage gave the highest yield and its 
components, also N, P, K and protein in grains. Also, the obtained results indicated that the 
favorable effect of the highest levels of the studied factors, i.e., 74.4 kg P2O5 /ha, 115.2 kg 
K2O/ha and inoculation with potassmage on barley plant growth, yield and its attributes and 
grain chemical contents in grains.  
Keywords: barley, phosphorus, potassium, biofertilizers, yield, Chemical composition. 

INTRODUCTION 

Barley (Hordeum vulgare, L.) is considered one of the most adapted 
cereals crops to adverse environmental conditions at Abees region, salinity and 
drought, so it is the main crop grown in a wide acreage in the North west Coast 
and newly reclaimed lands. According to MALR (2014), barley cultivated area 
reached (86800) feddan in 2013/2014 growing season. 

Inadequate P and K applications leads to imbalance in agricultural 
ecosystems and stagnation of yields will become more pronounced with time 
(Regmi et al., 2002).  

Phosphorus is one of the most essential elements for barley growth and 
development after nitrogen (Tigre et al., 2014). However, the availability of this 
nutrient for plants is limited by different chemical reactions especially in arid and 
semi-arid soils. Phosphorus plays a significant role in several functions such as 
photosynthesis, transformation of sugar to starch, protein and oil formation, 
nucleic acid production and nitrogen fixation. Also, the part of all biochemical 
cycles in plants (Mehrvarz and Chaichi, 2008). 

Plants acquire phosphorus from soil solution as phosphate anion. It is 
lower mobile element in the plant and soil than other macronutrients. A large 
amount of P applied as a fertilizer becomes immobile through precipitation 
reaction with highly reactive Fe3+, Al3+, Ca2+ and Mg2+ in the acidic and 
calcareous or alkaline or normal soils (Awasthi et al. 2011).  
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Potassium (K) is an essential element for plant growth and development, 
and is required for a wide variety of processes within the plant. These 
processes can be broadly divided into biophysical processes such as stomatal 
opening and cell extension and biochemical processes such as protein 
synthesis and enzyme activation. It is, also, commonly considered as the 
“quality nutrient.” It affects the plant shape, size, color, taste and other 
measurements attributed to healthy produce. Potassium is absorbed by the 
roots as a K+ ion. 

 
Environmental problems caused by irregular applications of chemical 

fertilizers, inappropriate energy production methods and excessive consumption 
costs all have had harmful effects on biological cycles, and destroyed farming 
stability systems; these factors all together encourage the use of bio-fertilizers. 
Now-a-days attention to bio-fertilizer has been increased due to the 
advancement in countries research development, high prices of chemical 
fertilizers and attention to sustainable agricultural systems (Yosefi et al., 2011).  

Biofertilizers are low cost, renewable sources of plant nutrients. These 
are selected strains of beneficial soil microorganisms cultured in the laboratory 
and packed in suitable carrier. Bio-fertilizers are gaining momentum recently 
due to the increasing emphasis on maintenance of soil health by controlling soil 
borne diseases, minimize environmental pollution and cut down on the use of 
the chemicals in agriculture Muraleedharan et al. (2010). It is, also, increased of 
protein content and the improvement of amino acid composition in cereal grains 
was observed (Mikhailouskaya and Bogdevitch, 2009). Increased crop 
production largely relies on the type of fertilizers used to supplement essential 
nutrients for plants. For optimum plant growth, nutrients must be available in 
sufficient and balanced quantities. From the soil nutrients only a minor portion is 
released each year through biological activities or chemical processes. 
Therefore, biofertilizers are designed to supplement the nutrients already 
present in the soil (Chen, 2006). Very often microorganisms are not as efficient 
in natural surroundings as one would expect them to be and therefore artificially 
multiplied cultures of efficient selected microorganisms play a vital role in 
accelerating the microbial processes in soil.  

The objective of the present investigation was to study the effect of 
mineral phosphorus and potassium fertilizer rates, besides biofertilizers 
inoculation on growth, yield and yield attributies and grain chemical composition 
in grains of barley crop. 

 

MATERIALS AND METHODS 

The present study was carried out at the Experimental Farm, Faculty of 
Agriculture (Saba- Basha), Alexandria University, Egypt, at abees region during 
two successive growing seasons of 2013/2014 and 2014/2015, to study the 
effect of P, K and biofertilization application on growth, yield and yield 
components of barley. 

The experimental design was a split- split plot with three replicates. 
Phosphorus fertilizers levels (0, 37.2 and 74.4P2O5 kg/ha) were allocated in the 
main plots. Potassium fertilizer rates (0, 57.6 and 115.2K2O kg /ha) were 
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randomly distributed in the sub-plot and three biofertilizer inoculation treatments 
(Uninoculation, Phosphorein and Potassmage) were allocated in the sub-sub 
plots. 

Barely grains were wetted with water, and then bio- fertilizers 
(Phosphorein or Potassmage) according to the treatments and (arbic gum 5%) 
was mixed carefully and spread on a plastic sheet far from the direct sun shine 
effect for a short time before sowing. The field was immediately irrigated after 
sowing. 

Each sub- sub plot in both experiments was 3.5 meters long and 3 
meters wide 10.5 m2 i.e. (1/400 feddan). 

Sowing date was on December 3rd in both seasons after corn as a 
preceding crop with seeding rate of 40 kg grain/fed., other cultural practices, 
were applied as recommended during the two growing seasons in the two 
experiments. Harvesting was carried out manually during May in both seasons. 

Soil was clay loam texture, soil samples were taken from different sites of 
the experiment at 0- 30 cm depth from the soil surface. The samples were air- 
dried and then ground to pass-through a 2mm sieve and well mixed. The 
procedure or preparation and measurements of the soil were made according to 
Page et al. (1982). Result of the soil physical and chemical analysis for 
experimental sites in both seasons are shown in Table (1). 

 
Table (1). Physical and chemical properties of soil at the experimental site 

in 2013/2014 and 2014/2015 seasons. 
 

Soil properties 
Seasons 

2013/2014 2014/2015 
A) Mechanical analysis   
Clay    
Sand % 
Silt    % 

14.70 
41.50 
43.80 

14.20 
42.70 
43.10 

Soil texture Clay loam soil 
B) Chemical properties  

pH ( 1 : 1) 
EC (dS/m) 

7.80 
3.20 

7.70 
3.30 

1) Soluble cations (1 : 2) (cmol/kg soil)  
K+ 

Ca++ 
Mg++ 
Na++ 

1.25 
14.30 
11.50 
12.70 

1.40 
14.90 
11.30 
13.20 

2) Soluble anions (1 : 2) (cmol/kg soil)  
CO3

--
 + HCO3

- 
Cl- 
SO4

— 

Calcium carbonate (%) 
Total nitrogen % 
Available phosphate (mg/kg) 
Organic matter (%) 

2.70 
18.90 
12.20 
6.50 
0.90 
3.70 
1.35 

2.70 
19.10 
12.50 
6.70 
0.85 
3.65 
1.40 
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Data recorded 
At harvest, one square meter was randamly taken from each sub-sub 

plot to determine the following traits: 
1. Plant height (cm)  
2. Number of tillers/m2 
3. Spike length (cm)  
4. Number of spikes/m2 
5. Spike weight/m2(g) 
6. Number of grains/spike  
7. 1000- grain weight (g)  
8. grain yield (ton/ha) 
9. Biological yield (ton/ha) 
10. Harvest index 

 
Grain quality  
Protein percentage 

Protein percentage in grains was determined by estimating the total 
nitrogen in the grains and multiplied by 6.25 to obtain the percentage of grain 
protein percentage according to AOAC (1990).  
 
Chemical analysis 

The NPK percentages were determined in grains dried in a drying 
chamber to a constant weight at 75oC for 72 hour according to Tandon (1995). 
After dryness, the plant samples were milled and stored for analysis as 
reported. However, 0.5g of the grain powder was wet-digested with H2SO4 – 
H2O2 mixture according (Lowther, 1980) and the following determinations were 
carried out in the digested solution to determine the following: 

• Nitrogen content (N %) in grains 

Total nitrogen was determined in digested grains colorimetrically by Nessler`s 
method (Chapman and Pratt, 1978). Nessler solution (35 KI/100 ml d.w.) + 20g 
HgCl2 / 500 ml d.w.) +120 g NaOH / 250 ml d.w. Reading was achieved at wave 
length of 420 nm and N was determined as percentage as follows: 

% N = NH4 % x 0.776485 

• Phosphorus content (P %) in grains 
Phosphorus was determined by the Vanadomolyate yellow method as given by 
Jackson (1973) and the intensity of colour developed was read in 
spectrophotometer at 460nm.  
 

• Potassium content (K %) in grains   
Potassium was determined according to the method described by Jackson 
(1973) using Beckman Flame photometer. 
 
Statistical Analysis 

Obtained data were statistically analyzed to Gomez and Gomez (1984). 
The treatment means were compared using the least significant differences 
(L.S.D.) test at 5% level of probability.  
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RESULTS AND DISCUSSION 

A. Yield and yield attributes 
Results recorded in Tables (2 and 3) revealed that plant height (cm), 

number of tillers/m2, spike length (cm), number of spikes/m2,Spike weight /m2, 
number of grains /spike, 1000-grain weight (g), grain yield (t/ha), biological yield 
(t/ha) and harvest  index (%) in both seasons were significantly affected by 
phosphorus and potassium fertilizer rates and biofertilizer inoculation, besides 
all possible interactions in the two growing seasons. 

 
Phosphorus application at 74.4kg P2O5/ha significantly gave the highest 

values of yield and its attributes (plant height (cm), number of tillers/m2, spike 
length (cm), number of spikes/m2,Spike weight /m2, number of grains /spike, , 
1000-grain weight (g), grain yield (t/ha), biological yield (t/ha) and harvest index 
(%) in the two successive seasons. The positive of phosphorus fertilization on 
yield and its components of barley might be attributed to the soil of the 
experimental site, which was very poor in the phosphorus contents. Also, P 
plays important role in enhancing translocation of metabolites which might be 
the reason for the increase observed of yield component.  Ahmed (2009) and 
Tigre et al.  (2014). 

 
Increasing potassium application rate up to 115,2 kg K2O/ha significantly 

increased the yield and its components compared to unfertilized treatment. 
Aown  et al. (2012) and Zareian and Tabatabaei (2014). 
 

On the other hand, inoculated barley grains with biofertilizer significantly 
increased yield and its attributes (plant height (cm), number of tillers/m2, spike 
length (cm), number of spikes/m2, spike weight/m2,number of grains /spike, 
1000-grain weight (g), grain yield (t/ha), biological yield (t/ha) and harvest index 
(%)). It could be concluded that a Potassmage inoculation treatment promoted 
the production of grain yield because of biofertilization increase the synthesis of 
the endogenous phytohormons i.e. IAA, GAs and CKs which could play an 
important role formation of a big active root system (Chen, 2006).  These 
findings are confirmed with Naseri et al. (2013), Azimi et al. (2013) and 
Heidaryan and Feilinezhad (2015). 

 
With respect to phosphorus x potassium fertilizer levels interaction effect 

in both season, results in Tables (2 and 3) showed that the maximum values of 
yield and its components resulted from 74.4kg P2O5/ha and 115.2 kg K2O/ha 
application.  

Similar trend observed in Tables (2 and 3), where applied 74.4kg 
P2O5/ha to inoculated grains with potassmage biofertilizer recorded the highest 
yield and its components in 2013/2014 and 2014/2015 seasons, respectively. 
Eftekhari  et al. (2012) and Sharma et al. (2012). 

Concerning potassium fertilizer levels x biofertilizer inoculation interaction 
effect on yield and its components, resulted in Tables (2 and 3) demonstrated 
that the maximum yield and its components in the first and second seasons, 
respectively, resulted from application of 115.2 kg K2O/ha to inoculated grains 
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with Potassmage. Conversely growing uninoculated barley grains with 
biofertilizer under without potassium fertilizer application produced the minimum 
yield and its components in the two successive seasons. 

 
B. Chemical composition 

Results presented in Table (4) revealed that nitrogen, phosphorus, 
potassium and protein percentages in barley grains was significantly affected by 
the three studied factors, i.e. phosphorus levels, potassium fertilizers and 
biofertilizers application, besides, the two and three factors interactions in the 
two growing seasons. 

 
Increasing phosphorus fertilizer levels up to 74.4kg P2O5/ha obtained the 

highest nitrogen, phosphorus, potassium and protein percentage in barley 
grains in the first and second seasons, respectively, as shown in Table (4). 
Sharma et al. (2012) and  Kostadinova (2014). 

 
The same trend was found in the Table (4), where increasing potassium 

fertilizers levels up to 115.2 kg K2O/ha recorded the highest nitrogen, 
phosphorus, potassium and protein percentages in barley grains in the two 
respective seasons. Ashok  et al. (2009) and Wilczewski et al. (2014). 

 
Results presented in that Table, also, revealed that treated barley grains 

with potassmage biofertilizer produced the highest nitrogen, phosphorus, 
potassium and protein percentages in barley grains in the two successive 
seasons. Radwan and Wafaa (2009), Ewais et al. (2010) and El-Gizawy (2010) 

 
  Concerning the first order interaction effects, on traits of nitrogen, 

phosphorus, potassium and protein percentages, results presented in Table (4) 
indicated that barley crop fertilized with 74.4kg P2O5/ha  and 115.2 kg K2O/ha  
combination showed the highest nitrogen, phosphorus, potassium and protein 
percentages in barley grains in the first and  second seasons, respectively. 

 
On the other hand, application of 74.4kg P2O5/ha to inoculated barley 

grains gave the highest nitrogen, phosphorus, potassium and protein 
percentages in barley grains in the two successive seasons. 

 
In addition, the highest nitrogen , phosphorus, potassium and protein 

percentages in barley grains as shown in Table (4) in the first and second 
seasons, respectively, resulted from application of 115.2 kg K2O/ha to 
inoculated barely grains with potassmage biofertilizer. As for interaction effect of 
the three studied traits on nitrogen, phosphorus, potassium and protein % in 
barley grains, results presented in Table (4) stated that growing inoculated 
grains with potassmage biofertilizer under application of 74.4kg P2O5/ha 
and115.2 kg K2O/ha recorded the maximum grain nitrogen , phosphorus, 
potassium and protein content in the first and  second seasons, respectively. 
However, sowing uninoculated barely grains with biofertilizers without 
phosphorus and potassium fertilization gave the lowest grain nitrogen, 
phosphorus, potassium and protein contents in the two respective seasons. 
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Table (2). Effect of phosphorus, potassium and biofertilizer rates on yield and its components of barley cv.G123 
during 2013/2014 and 2014/2015 seasons. 

 

Treatments 
Plant height (cm) Number of tillers/m

2
 Spike length (cm) Number of spikes/m

2
 Spike weight/m

2
 (g) 

2013/2014 2014/2015 2013/2014 2014/2015 2013/2014 2014/2015 2013/2014 2014/2015 2013/2014 2014/2015 

A) Phosphorus levels  

Untreated 
37.2kg P2O5/ha 
74.4kg P2O5/ha 
L.S.D.(0.05) 

120.95c 
129.35b 
140.96a 

0.38 

121.69c 
130.43b 
140.31a 

0.92 

317.11c 
346.18b 
374.29a 

3.45 

318.40c 
350.22b 
377.48a 

2.07 

22.07c 
23.76b 
24.37a 

0.15 

22.04c 
23.12b 
24.15a 

0.34 

306.22c 
335.18b 
361.11a 

2.52 

305.74c 
337.29b 
363.70a 

7.83 

340.81c 
424.29b 
607.44a 

2.86 

351.88c 
481.14b 
613.37a 

3.04 

B) Potassium levels  

Untreated 
57.6 K2O/ha 
115.2 K2O/ha 
L.S.D.(0.05) 

126.98c 
130.45b 
133.83a 

0.52 

126.87c 
131.37b 
134.18a 

0.51 

333.81c 
347.85b 
355.92a 

1.05 

337.96c 
348.37b 
359.77a 

1.28 

22.94c 
23.48b 
23.79a 

0.23 

22.54c 
23.03b 
23.74a 

0.17 

322.92c 
335.40b 
344.18a 

0.91 

325.48c 
333.70b 
347.55a 

6.62 

416.07c 
464.55b 
491.92a 

1.66 

439.59c 
487.29b 
519.51a 

1.83 

C) Biofertilization  

Uninoculated 
Phosphorein 
Potassmage 
L.S.D.(0.05) 

125.15c 
129.39b 
136.72a 

0.72 

124.98c 
130.73b 
136.71a 

0.70 

330.18c 
348.22b 
359.18a 

1.86 

334.03c 
352.40b 
359.66a 

1.16 

22.04c 
23.65b 
24.51a 

0.14 

21.88c 
23.17b 
24.26a 

0.17 

318.81c 
337.48b 
346.22a 

1.94 

321.62c 
336.66b 
348.44a 

6.33 

376.55c 
456.62b 
539.37a 

1.50 

390.25c 
496.14b 
560.00a 

1.31 

Interactions  

Ax B 
AxC 
BxC 
AxBx C 

ns 
** 
** 
ns 

** 
** 
** 
ns 

** 
ns 
ns 
ns 

** 
** 
** 
** 

ns 
** 
* 

ns 

** 
** 
** 
* 

** 
** 
** 
** 

ns 
ns 
ns 
ns 

** 
** 
** 
** 

** 
** 
** 
** 

Means in the same column followed by the same letter are statistically equalled according to LSD 0.05 probability level. 
     ns: not significant  

 *,* *: Significant at 0.05 and 0.01 level of probability, respectively. 
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Table (3). Effect of phosphorus, potassium and biofertilizer rates on yield and its components of barley cv.G123 
during 2013/2014 and 2014/2015 seasons. 

 

Treatments 
Number of 

grains/spike 
1000-grain weight (g) Grain yield (t/ha) Biological yield (t/ha) Harvest index (%) 

2013/2014 2014/2015 2013/2014 2014/2015 2013/2014 2014/2015 2013/2014 2014/2015 2013/2014 2014/2015 

A) Phosphorus levels  

Untreated 
37.2 kg P2O5/ha 
74.4kg P2O5/ha 
L.S.D.(0.05) 

44.00c 
46.33b 
52.88a 

1.19 

44.62c 
47.22b 
54.29a 

0.64 

44.14c 
46.75b 
51.22a 

0.83 

45.67c 
46.93b 
49.72a 

0.39 

5.30b 
5.31b 
6.10a 
0.01 

5.10c 
5.21b 
5.90a 
0.01 

14.33c 
14.92b 
16.39a 
0.07 

13.73c 
14.50b 
15.50a 
0.09 

36.98b 
35.58c 
37.21a 
0.05 

37.14b 
35.93c 
38.06a 

0.27 

B) Potassium levels  

Untreated 
57.6 K2O/ha 
115.2 K2O/ha 
L.S.D.(0.05) 

45.14c 
47.59b 
50.48a 

0.31 

46.03c 
48.48b 
51.62a 

0.44 

45.09c 
46.99b 
50.03a 

0.59 

45.48c 
47.47b 
49.38a 

0.31 

5.30c 
5.58b 
5.82a 
0.012 

5.10c 
5.38b 
5.62a 
0.01 

14.74c 
15.22b 
15.69a 
0.05 

14.03c 
14.49b 
14.93a 
0.05 

35.95c 
36.66b 
37.09a 
0.04 

36.34c 
37.11b 
37.64a 

0.19 

C) Biofertilization  

Uninoculated 
Phosphorein 
Potassmage 
L.S.D.(0.05) 

43.92c 
47.55b 
51.74a 

0.30 

45.00c 
48.59b 
52.55a 

0.35 

44.19c 
47.61b 
50.31a 

0.42 

42.72c 
48.55b 
51.05a 

0.32 

5.24c 
5.47b 
6.00a 
0.01 

5.04c 
5.27b 
5.80a 
0.01 

14.15c 
15.20b 
16.29a 
0.04 

13.54c 
14.44b 
15.51a 
0.03 

37.03a 
35.98c 
36.83b 
0.04 

37.21a 
36.49b 
37.39a 

0.18 

Interactions  

Ax B 
AxC 
BxC 
AxBx C 

** 
** 
** 
** 

** 
** 
* 
** 

** 
** 
ns 
ns 

* 
** 
** 
ns 

** 
** 
** 
** 

** 
** 
** 
** 

** 
** 
** 
** 

** 
** 
** 
** 

** 
** 
** 
** 

** 
** 
** 
** 

Means in the same column followed by the same letter are statistically equalled according to LSD 0.05 probability level. 
      ns: not significant  
       *,* *: Significant at 0.05 and 0.01 level of probability, respectively. 
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Table (4). Effect of phosphorus, potassium and biofertilizer rates on grains chemical composition of barley cv.G123 
during 2013/2014 and 2014/2015 seasons. 

 

Treatments 
Protein content (%) N (%) P (%) K (%) 

2013/2014 2014/2015 2013/2014 2014/2015 2013/2014 2014/2015 2013/2014 2014/2015 
A) Phosphorus levels  

Untreated 
37.2 kg P2O5/ha 
74.4 kg P2O5/ha 
L.S.D.(0.05) 

9.15c 
10.15b 
11.40a 
0.20 

8.85c 
9.93b 

11.05a 
0.08 

1.441c 
1.625b 
1.824a 
0.012 

1.417c 
1.590b 
1.768a 
0.011 

0.363c 
0.409b 
0.634a 
0.001 

0.351c 
0.402b 
0.630a 
0.002 

1.41c 
1.59b 
2.33a 
0.07 

1.38c 
1.58b 
2.47a 
0.01 

B) Potassium levels  

Untreated 
57.6 K2O/ha 
115.2 K2O/ha 
L.S.D.(0.05) 

9.55c 
10.43b 
10.73a 
0.14 

9.41c 
9.99b 

10.43a 
0.05 

1.529c 
1.645b 
1.717a 
0.008 

1.506c 
1.598b 
1.671a 
0.007 

0.421c 
0.467b 
0.518a 
0.002 

0.413c 
0.461b 
0.513a 
0.001 

1.50c 
1.87b 
1.97a 
0.06 

1.55c 
1.84b 
2.05a 
0.01 

C) Biofertilization  
Uninoculated 
Phosphorein 
Potassmage 
L.S.D.(0.05) 

8.52c 
10.58b 
11.60a 
0.13 

8.20c 
10.33b 
11.30a 
0.04 

1.341c 
1.693b 
1.857a 
0.006 

1.312c 
1.654b 
1.809a 
0.007 

0.395c 
0.481b 
0.530a 
0.002 

0.387c 
0.472b 
0.527a 
0.001 

1.55c 
1.85b 
1.94a 
0.06 

1.51c 
1.83b 
2.10a 
0.01 

Interactions  
Ax B 
AxC 
BxC 
AxBx C 

** 
** 
** 
** 

** 
** 
** 
** 

** 
** 
** 
** 

** 
** 
** 
** 

** 
** 
** 
** 

** 
** 
** 
** 

** 
** 
** 
** 

** 
** 
** 
** 

Means in the same column followed by the same letter are statistically equalled according to LSD 0.05 probability level. 
ns: not significant  

               *,* *: Significant at 0.05 and 0.01 level of probability, respectively. 
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