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ABSTRACT. The present study was conducted to study the effect of biofertilizer and different levels of chemical 
phosphorus fertilizer on yield of corn plant (Zea mays L. var. Single Cross 704). This present investigation was 
conducted at two different locations in Sulaimani Governorate. The first location was Kanypanka and the second 
location was Qlyasan Research Stations about 35 km faraway from each other during the spring season of 2012. 
Both field experiments were laid out using factorial Complete Randomized Block Design (CRBD) with three 
replications for both locations. The first factor involved of two levels of phosphate biofertilizer (B0 =non-
inoculated treatment and B1= inoculated treatment - PBf) and the second factor was phosphorus fertilizers in a 
form of triple super phosphate (TSP - P2O5 48%) and has been applied at four levels (0, 40, 80 and 120) kg P ha-1.  
Generally, the results indicated that the PBf treatment (B1) had significant effects on all reproductive characters 
with exception of biological yield at both locations and their average and No. of rows ear-1 at Qlyasan location. The 
highest kernel yield values (11252.78, 10943.05 and 11097.91) kg ha-1 and HI values (0.43, 0.46 and 0.44) were 
recorded in B1 at both locations and their average, respectively. Other reproductive characters including weight of 
500 kernel (g) (142.15, 116.00 and 129.28) g and No. of kernels ear –1 (400.29, 487.17 and 443.73) were also 
significantly affected by B1 treatment at both locations and their average. The results also showed that all 
reproductive characters were significantly affected by TSP with the exception of biological yield (kg ha-1) at both 
locations and their average, weight of 500 kernels (g) at both locations and  the characters, No. of  rows ear -1 , No. 
of ear plant-1 and harvest index at Qlyasan location. The treatment P3 produced the highest kernel yield values 
(10893.28 and 10314.29) kg ha-1 at Kanypanka location and the average of both locations and the treatment P2 gave 
a value of (10708.57 kg ha- 1) at Qlyasan location, while the minimum values for almost all characters were 
recorded by P0 at both locations and their average. The results, indicated also that the interaction between PBf and 
TSP levels had significant effect only on No. of kernels row-1 (31.83 for B1P3) at Kanypanka location, and on No. 
of kernels row-1 (37.41 and 32.75 for B1P1 and B1P3), on No. of kernels ear-1 (527.77 and 499.34 for B0 P1 and B1P3) 
and on weight of 500 kernels (g) (121.75 and 131.74) g for B1P0, at Qlyasan location and the average of both 
locations, respectively. The maximum values of protein (13.17, 11.26 and 12.21%) and phosphorus (P) content 
(1.261, 0.87 and 1.06) mg kg-1 in maize kernel were obtained by PBf treatment at both locations and their average, 
respectively. There were also significant effects of TSP (P3) level on protein and (P) content in maize kernel, at 
Kanypanka location and the average of both locations, but at Qlyasan (P2) level has significantly exceeded the 
other P levels in (P) content. Finally, the significant effect  of interaction between PBf and TSP levels on protein in 
maize kernels values (13.62 and12.47)% were recorded by B1P3, but Phosphorus content did  not reach the 
significant difference at Kanypanka and the average of both locations, , while the protein and phosphorus content 
did not reach the significant level at Qlyasan location. 

Key words:  Zea mays L; Phosphate biofertilizer; Chemical phosphorus fertilizer; Protein content; Phosphorus 
content.  

INTRODUCTION  
Corn (Zea mays L.) is a member of the grass family (Gramineae); it has now risen to a commercial crop on which 
many agro-based industries depend for raw materials (Iken and Amusa, 2004). Worldwide production was 817 
million tons in 2009, more than rice (678 million tons) or wheat (682 million tons) [1].  
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The most important constraint limiting for maize crop yield in developing nations worldwide, and especially 
among resource-poor farmers, is soil infertility. Therefore, maintaining soil quality can reduce the problems of land 
degradation, decreasing soil fertility and rapidly declining production levels that occur in large parts of the world 
which needing the basic principles of good farming practice [2]. For optimum plant growth, nutrients must be 
available in sufficient and balanced quantities [3]. After nitrogen (N), phosphorus (P) is the most limiting nutrient 
for crop yields, and is essential for maize growth and development [4]. Large quantities of chemical fertilizers are 
used to replenish soil N and P, resulting in high costs and severe environmental contamination [5]. Maize quantity 
and quality were increased by utilization of fertilizers (biofertilizer especially), which has become the most 
important objective of these products worldwide [6 and 7]. Phosphorus, is the second most important macro-
nutrient required by the plants, next to nitrogen,  is reported to  be a  critical  factor of  many  crop production  
systems,  due to the fact that the limited availability in soluble forms in the soils  [8]. The low availability of P to 
plants is because the vast majority of soil P is found in insoluble forms, and plants can only absorb P in two soluble 
forms, the monobasic (H2PO4

-) and the dibasic (HPO4
2-) ions [9]. Crop plants can therefore utilize only a fraction 

of applied phosphorus, which ultimately results in poor crop performance. To rectify this and to maintain soil 
fertility status, frequent application of chemical fertilizers is needed, though it is found to be a costly affair and also 
environmentally undesirable [10]. Biological phosphate fertilizers containing beneficial bacteria and fungi 
increased soluble phosphate by increasing soil acidity or alkaline phosphates enzyme, which can be absorbed by 
plants easily. Soil chemical and biological characteristics improved by biofertilizer; moreover due to the use of low 
doses of chemical fertilizers, hence agricultural production will be free from contaminants [11 and 12]. The 
organisms possessing phosphate solubilising ability called phosphate solubilising organisms (PSMs) [13], which 
are referred to a group of soil microorganisms that are a component of P cycle, capable of dissolving insoluble 
forms of phosphates into plant available forms. Several groups of microorganisms including fungi, bacteria and 
actinomycetes are known as efficient fixed P solubilizers [14]. One of the major problems in Iraqi soils including 
soils of Kurdistan region is that most of these soils contain high amount of calcium carbonate (CaCO3), and cause a 
chemical and physical fixation of (70-90%) of the added phosphorus, due to high CaCO3 content of the soils [15] 
and resulting in the decrease of available phosphorus for plants. However, utilization of phosphate solubilising 
microorganisms is found to be limited, lack of knowledge among practitioners being the key reason [16]. 
Therefore, the present study was conducted to evaluate the effect of phosphate biofertilizer and phosphorus 
chemical fertilizer (T.S.P 48% P2O5) and their interaction on growth, qualitative and quantitative characteristics of 
maize (SC 704). 
 
MATERIALS AND METHODS  
The field experiments were carried out at two different locations in Sulaimani region. The first location was 
Kanypanka Agricultural Research Centre of Sulaimani in Sharazur plain zone, 35 km east of Sulaimani city) and 
the second location was Qlyasan - The Research Station of Faculty of Agricultural Sciences - University of 
Sulaimani during the spring season of 2012. 
Both field experiments were laid out according to factorial based Complete Randomized Block Design (CRBD) 
with three replications for both location. The first factor was consisted of two levels of phosphate biofertilizer (B0 
=non-inoculated treatment, B1=inoculated treatment- PBf), the PBf was used as recommended by the producer 
(The pre sown seeds were inoculated with 100 g biofertilizer hectar-1). The second factor was a chemical 
phosphorus fertilizer, Triple Super Phosphate (TSP - P2O5 48%) source, applied at four levels (0, 40, 80 and 120 kg 
P ha-1), corresponding to half amount of phosphorus fertilizer recommended for calcareous soil. Thus the total 
Number of experimental units was (2×4×3=24) units of 9.10 m2 (3.25m×2.80m) randomly distributed in each 
block. Each unit contained four rows.  
 

The following outline shows the treatments used in this study and their symbols. 
B0P0      Non-inoculated -  PBf +  0 kg P ha-1

       B0P1 Non-inoculated - PBf + 40 kg P ha-1

B0P2 Non-inoculated - PBf + 80 kg P ha-1

B0P3  Non-inoculated - PBf + 120 kg P ha-1

B1P0      Inoculated - PBf + 0 kg P ha-1

B1P1        Inoculated - PBf + 40 kg P ha-1

B1P2        Inoculated - PBf + 80 kg P ha-1

B1P3           Inoculated - PBf + 120 kg P ha-1

 B0= Non-inoculated –PBf;   B1= Inoculated – 
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Then the seeds were sown in rows with (75cm) between each two rows and (25cm) between plants, corn grains 
(Zea mays. SC 704 hybrid) were obtained from Agricultural Research Center of Sulaimani, the plant density 
mached (50000 plant ha-1). The planting dates were (April 3 and 4, 2012) for both locations, Kanypanka and 
Qlyasan, location respectively. Nitrogen fertilizer was applied in form of (Urea 46% N) as recommended dose (200 
kg ha-1) [17]. The available P in the soil was determined after the harvest stage according to (18), as shown in 
(Table 1).   

Table 1. Available P (mg P kg-1 Soil) in the soil of both locations after harvesting. 

Phosphate 
biofertilizer 

Phosphorus 
fertilizer 

Kanypanka Qlyasan 
mg P kg soil 

    
B0 

P0 24.09 25.50 
P1 19.47 29.90 
P2 20.48 27.91 
P3 37.55 30.12 

 
 

B1 

P0 21.48 21.48 
P1 31.72 41.36 
P2 32.12 41.76 
P3 47.99 38.35 

 
The studied characters 
Chlorophyll content (mg g-1) 
Was estimated at the time period specified (after flowering) by spectrophotometer according to the following 
equation (19).                   
µg chlo.a/ml solution = (13.7) (A665nm) – (5.76) (A649nm). 
µg chlo.b/ml solution = (25.8) (A649nm) – (7.6) (A665nm). 
A=absorbance 
Total chlorophyll = chl. a + chl. b  
Biological yield (kg ha-1); Kernel yield (kg ha-1); No. of rows ear -1; No. of kernel row-1; 
 No.  of kernel ear–1; No.  of ears plant-1. 
 Weight of 500 kernels (g): Measured at post harvesting. 
Harvest Index (HI: Was calculated by the following equation, and according to (20): 
Harvest index (%) = (Economic yield /Biological yield) × 100 
Protein percent (%): Protein content in the seeds was determined by using Kjeldahl method as recommended by 
(21). 
Protein% in seeds= total nitrogen% in seed x 6.25 
Phosphorus (P) content in the kernels (mg Kg-1): Phosphorus was determined according to the colorimetric 
method as described by (22). 
 
Statistical analysis 
The experimental data for both locations were statistically analyzed according to the XLSTAT of variance as a 
general test and (JMP. Version 8) analysis was used to combine two locations; all possible comparisons among the 
means were calculated following L.S.D test (Least Significant Different) at significant level of (0.05). 
 
RESULTS AND DISCUSSION  
Reproductive growth characters 
Effect of phosphorus biofertilizer (PBf) on reproductive growth characters:                                                          
Table (2) revealed that the maximum Kernel yield values were (11252.78, 10943.05 and11097.91) kg ha-1 recorded 
by (B1), while minimum value for the same character was (7179.64, 10675.48 and 8927.56) kg ha-1 was recorded 
by B0 at Kanypanka and Qlyasan locations and their average, respectively. Increase of grain yield can be attributed 
to the ability of phosphate solubilizing bacteria in Phosphate biofertilizer in increasing available phosphorus of 
insoluble phosphorus sources.  
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These results were in agreement with [23] they reported that with increasing phosphobacterin compounds, corn 
yield was increased. Maximum No. of rows ear -1, No. of Kernel row -1 and No. of Kernel ear-1, recorded by B1 
treatments were (15.02, 26.54 and 400. 29) at Kanypanka location, (14.32, 33.96, and 487.17) at Qlyasan location 
and (14.673, 30.25, 443.73) at the average of both locations respectively compared to B0where produced the 
minimum values for all mentioned characters. Results in (Table 2) also followed similar trend as previous 
reproductive characters where the No. of ear plant -1, weight of 500 Kernels (g) and Harvest Index (HI) were 
significantly increased by B1 treatment, producing the highest values (1.93, 142.15 and 0.43) at Kanypanka 
location, (1.93, 116.00 and 0.46) at Qlyasan location and (1.93, 129.28 and 0.44) compared to the lowest values 
recorded by all B0 treatment. The researchers (24) reported that P is the important nutrient for plant growth, 
absorbed mainly during the vegetative growth; therefore most of its absorbed form is re-translocated to the fruits 
and seeds during the reproductive stages. 
 

Table 2. Effect of PBf on the reproductive growth characters at Kanypanka and Qlyasan 
Locations and their average. 

Kanypanka 
 

PBf 
No. of 
rows    
ear -1 

No. of  
Kernel  
row-1 

No. of 
Kernel    
ear -1 

No. of    
ear 

plant -1 

Weight of 
500 

Kernels(g)

Kernel 
yield 

(kg ha-1) 

Biological 
yield 

(kg ha-1) 

Harvest 
Index 
(HI) 

B0 13.20 19.97 266.03 1.58 118.71 5128.31 25798.8 0.19 
B1 15.02 26.54 400.29 1.93 142.15 11252.78 26074.72 0.43 

LSD0.05 0.49 0.66 16.11 0.16 7.00 1689.67 N.S. 0.03 
Qlyasan 

 
PBf 

No. of 
rows    
ear -1 

No. of  
Kernel  
row-1 

No. of 
Kernel    
ear -1 

No. of    
ear 

plant -1 

Weight of 
500 

Kernels(g)

Kernel 
yield 

(kg ha-1) 

Biological 
yield 

(kg ha-1) 

Harvest 
Index 
(HI) 

B0 13.77 31.12 432.61 1.62 106.54 7625.34 22156.62 0.34 
B1 14.32 33.96 487.17 1.93 116.00 10943.05 23525.6 0.46 

LSD0.05 N.S. 1.08 33.93 0.15 2.62 1713.57 N.S. 0.08 
Average of  locations 

 
PBf 

No. of 
rows    
ear -1 

No. of  
Kernel  
row-1 

No. of 
Kernel    
ear -1 

No. of    
ear 

plant -1 

Weight of 
500 

Kernels(g)

Kernel 
yield 

(kg ha-1) 

Biological 
yield 

(kg ha-1) 

Harvest 
Index 
(HI) 

B0 13.48 25.55 349.32 1.60 112.54 6376.82 23977.71 0.26 
B1 14.67 30.25 443.73 1.93 129.28 11097.91 24800.15 0.44 

LSD0.05 0.44 0.61 17.91 0.10 1.79 1167.57 N.S. 0.04 
 
Effect of (TSP) levels on reproductive growth characters 
Table (3) showed that all characters were significantly affected by (TSP) levels with the exception of biological 
yield (kg ha-1) at both locations and their average, weight of 500 Kernels (g) at locations and characters, No. of ear 
plant-1 and harvest index%  in Qlyasan location. Although the results were not significant but the maximum 
biological yield values (26941.55 kg ha-1) was recorded by (P3) level at Kanypanka location and (24426.08 
and24960.86) kg ha-1 were recorded by (P1 and P2) level at Qlyasan location and the average of both location 
respectively, compared to the minimum values (25425.67 kg ha- 1) recorded by (P1) at Kanypanka location and 
(2140.95 and 23438.4 kg ha- 1) recorded by (P0) at Qlyasan location and the average respectively. 
Regarding the effect of (TSP) levels on the characters of yield and yield components of maize, a significant 
differences were found among them as an example, at Kanypanka location, the maximum values were recorded by 
P3 levels for  Kernel yield with (10893.28 kg ha- 1), No. of rows  ear -1 with (14.62), No. of Kernel row-1 with 
(28.25), No. of Kernel ear -1  with (416.02) and HI%  with(0.40), while  P2 level gave maximum values in No. of 
ear plant -1with (1.91). However at Qlyasan location, most of the studied characters were generally increased with 
increasing levels of phosphorus fertilizer, while the minimum values for almost all characters were recorded by P0 
at both locations and their average.  
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Moreover at Qlyasan location it was appeared clearly that P2 gave the highest values significantly in Kernel yield 
with (1200 kg ha-1)and non-significantly in weight of 500 Kernels (113.20 g),while P1 level gave values 
significantly higher than other levels in  No. of Kernel  row-1 (37.00), No. of Kernel ear-1 with(521.43), and P3 
exceeded other treatments but non-significantly  in No. of rows ear -1  with (14.54) No. of ear plant -1  (1.91), and  
HI% with (0.45). For the average of both locations increasing phosphorus levels caused increases in most studied 
characters, for example P3 level gave maximum Kernel yield, No. of rows ear-1, No. of ear plant-1 and HI with 
values (10314.29 kg ha- 1, 14.58, 1.89 and 0.42) respectively .While P2 gave the highest values in No. of Kernel 
row-1 with (30.29), No. of Kernel ear -1 with (441.38) and weight of 500 Kernels with (124.00g). The data in the 
same table also revealed the minimum values for all studied characters, recorded by (P0) at both locations and their 
average. These results were in agreements with those by 25]. 

 
Table 3. Effect of TSP on the reproductive growth characters of maize at Kanypanka and 

Qlyasan locations and their average. 
Kanypanka 

 
TSP 

No. of 
rows    
ear -1 

No. of  
Kernel  
row-1 

No. of 
Kernel    
ear -1 

No. of    
ear 

plant -1 

Weight of 
500 

Kernels(g)

Kernel 
yield 

(kg ha-1) 

Biological 
yield 

(kg ha-1) 

Harvest 
Index 
(HI) 

P0 13.250 19.458 262.45 1.500 128.50 5388.11 25475.91 0.21 
P1 14.042 20.167 285.06 1.750 127.43 657.65 25425.67 0.25 
P2 14.542 25.167 369.11 1.917 134.62 9909.15 25903.90 0.38 
P3 14.625 28.250 416.02 1.875 131.17 10893.28 26941.55 0.40 

LSD 0.05 0.696 0.938 22.78 0.238 N.S 2389.56 N.S 0.05 
Qlyasan 

 
TSP 

No. of 
rows    
ear -1 

No. of  
Kernel  
row-1 

No. of 
Kernel    
ear -1 

No. of    
ear 

plant -1 

Weight of 
500 

Kernels (g) 

Kernel 
yield 

(kg ha-1) 

Biological 
yield 

(kg ha-1) 

Harvest 
Index 
(HI) 

P0 13.06 25.97 340.83 1.62 111.27 6492.51 21400.95 0.30 
P1 14.08 37.00 521.43 1.75 111.90 10200.39 24426.08 0.41 
P2 14.50 35.41 513.65 1.83 113.20 10708.57 24017.82 0.44 
P3 14.54 31.79 463.65 1.91 108.71 9735.3 21519.6 0.45 

LSD 0.05 N.S 1.089 47.98 N.S N.S 2423.35 N.S N.S 
Average of  locations 

 
TSP 

No. of 
rows    
ear -1 

No. of  
Kernel  
row-1 

No. of 
Kernel    
ear -1 

No. of    
ear 

plant -1 

Weight of 
500 

Kernels (g) 

Kernel 
yield 

(kg ha-1) 

Biological 
yield 

(kg ha-1) 

Harvest 
Index 
(HI) 

P0 13.159 22.715 301.647 1.562 119.88 5940.31 23438.42 0.25 
P1 14.062 28.583 403.250 1.750 119.66 8386.02 24925.87 0.33 
P2 14.520 30.291 441.385 1.875 124.00 1308.86 24960.86 0.41 
P3 14.583 30.020 439.839 1.895 120.77 10314.29 24230.57 0.42 

LSD 0.05 0.6340 0.872 25.328 0.151 2.543 1651.19 N.S 0.061 
 
Effect of the interaction between (PBf) and (TSP) levels on reproductive growth characters 
Table (4) indicated that only the following characters,  were significantly affected by the effect of interaction 
between (PBf) and (TSP) levels and the characters were; No. of Kernel row-1 (the highest was 31.83 for B1P3) at 
Kanypanka location, and No. of Kerne row-1 (the highest were 37.41 and 32.75 for B1P1 and B1P3), No. of Kernel 
ear-1 (527.77 and 499.34 for B0P1 and B1P3) and weight of 500 Kernels (g) (121.75 and 131.74 g for B1P0) at 
Qlyasan location and the average of both locations respectively.  
Generally the latter treatments gave higher values than (B0P0-control) treatments with the lower values. The 
superiority effect of biofertilizer treatments in comparison with control treatment can be attributed to increase in 
faster and higher  up take of some mineral nutrients specially phosphorus that become more available due to the 
effect of (PBf) and supplying  plant with available phosphorus, consequently causing increases in yield and yield 
components (26 and 27). 
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Table 4. Effect of Interaction between PBf and TSP on the reproductive growth characters at Kanypanka 
and Qlyasan locations and their average 

 

 
 
Chemical Analysis 
Protein (%) 
Table (5) showed that the maximum values of protein% (13.17, 11.26 and 12.21) % were recorded by (B1) 
treatment as compared to (B0) treatment which gave the minimum values (10.76, 10.51 and10.63) % at Kanypanka 
and Qlyasan locations and their average respectively. The reason for the superiority of (PBf) could be due to its 
promotion of free living nitrogen fixing bacteria and enhancing nitrogen fixation, and then supplying of different  
nutrients like nitrogen, phosphorous, sulphur, iron and copper (28 and 29).  
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Table  5. Effect of PBf on protein percent and phosphorus content characters in maize 
Kernel at Kanypanka and Qlyasan locations and their average. 

 

Table 6. Effect of TSP on protein percent and phosphorus content characters in maize kernel at 
Kanypanka and Qlyasan locations and their average. 

Kanypanka 
Phosphorus content           

mg kg-1 Protein % TSP 

0.58 9.36 P0 
1.11 12.77 P1 
1.11 12.64 P2 
1.31 13.10 P3 
0.30 0.72 LSD 0.05 

Qlyasan 
Phosphorus content           

mg kg-1 Protein % TSP 

0.56 10.89 P0 
0.56 11.13 P1 
0.87 10.84 P2 
0.77 10.67 P3 
0.60 N.S LSD 0.05 

Average of both locations 
Phosphorus content           

mg kg-1 Protein % TSP 

0.59 10.01 P0 
0.83 11.83 P1 
0.99 11.88 P2 
1.04 11.97 P3 
0.15 0.67 LSD 0.05 

 
Table (6) highest values (13.10 and 11.97%) of protein% in seeds were given by P3 levels, while the lowest values 
(9.36 and 10.01%) were recorded by P0 at Kanypanka locations and their average, respectively.  However at 
Qlyasan location P1 level gave the highest value (11.13%), whereas the lowest value was recorded by P3 level 
(10.67) but it did not reach the significant level. 
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Table (7) indicated that there were significant differences between treatments where at Kanypanka and the average 
of both locations. The maximum protein percent of (13.62 and12.47) % were recorded by B1P3 treatment 
respectively. Moreover, at Qlyasan location, although there were no significant differences among (PBf and TSP) 
treatments, but the results also showed that inoculated treatment without adding P level had superiority on non-
inoculated treatments at all levels of phosphorus. The result was agreement with (30). 
Phosphorus (P) content in maize Kernel (mg kg-1) 
Table (5) showed that there were a significant differences between the effect of (PBf) treatments on the 
Phosphorus content in maize Kernel where B1 exceeded B0 treatments by (56.84, 62.68 and 59.34) % at 
Kanypanka and Qlyasan locations and their average respectively, similar results were reported by (31), they 
showed that inoculation of phosphate solubilizing Pseudomonas and Bacillus species significantly increased seed 
phosphorus % compared to control in wheat crop. 

 
Table 7. Effect of interaction between PBf and TSP on protein percent and phosphorus content characters 

in maize kernel at Kanypanka and Qlyasan locations and their average. 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

International Journal of Plant, Animal and Environmental Sciences               Page: 167                               
Available online at www.ijpaes.com 

Kanypanka 
Phosphorus 

content mg kg-1 Protein % TSP PBf 

0.36 6.01 P0  
 

B0 

0.95 12.48 P1 
0.84 11.98 P2 
1.05 12.58 P3 
0.80 12.70 P0  

 
B1 

1.27 11.06 P1 
1.39 13.30 P2 
1.56 13.62 P3 
N.S. 1.01 LSD 0.05 

Qlyasan 
Phosphorus 

content  mg kg-1 Protein % TSP PBf 

0.37 9.67 P0  
 

B0 

0.50 11.03 P1 
0.61 10.97 P2 
0.64 10.37 P3 
0.82 11.67 P0  

 
B1 

0.61 10.75 P1 
1.13 11.29 P2 
0.90 11.31 P3 
N.S. N.S. LSD 0.05 

Average of both locations 
Phosphorus 

content  mg kg-1 Protein % TSP PBf 

0.37 7.84 P0  
 

B0 

0.73 11.75 P1 
0.72 11.47 P2 
0.84 11.47 P3 
0.81 12.19 P0  

 
B1 

0.94 11.90 P1 
1.26 12.29 P2 
1.23 12.47 P3 
N.S. 0.95 LSD 0.05 
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Table (6) showed that increasing in Phosphorus content via increasing phosphorus level, the maximum values were 
recorded by P3 level which was (1.311 and 1.044) mg kg-1 at Kanypanka and the average of both locations 
respectively, while at Qlyasan location P2 level recorded the maximum value with 0.874 mg kg-1. However there 
were no significant differences between the effects of P2 and P3 treatments, the minimum values were recorded by 
B0 treatments. Table (7) showed that inoculated fertilized treatments gave values higher than non-inoculated 
fertilized treatments, but the differences did not reach the significant level. At Kanypanka location maximum value 
was obtained by inoculated treatment using P3 level which increased by (49.14 %) compared to non-inoculated for 
the same level of phosphorus,  while at Qlyasan and for the average of both locations, the inoculated treatment 
with P2 level increased P content by (85.62 and 74.51) % compared to non-inoculated for the same level of 
phosphorus. These results were in agreement with those by (30). 
 
CONCLUSIONS AND RECOMMENDATIONS  
Conclusions  

1. The percentage of Protein and the phosphorus content in maize grains were differed in quantitative 
composition due to the effect of PBf treatment at both locations and for their average.  

2. The values were for P3 level at Kanypanka location and the average of both locations, P2 at Qlyasan 
location, B1P3 at Kanypanka location and the average for both locations, B1P0 for protein % and B1P2 
for (P) content at Qlyasan location. 

       
Recommendations  

1. In order to improve the crop productivity, application of phosphate biofertilizer as an environment 
ecofriendly fertilizer for other strategic cereal crops such as wheat and rice is recommended. 

2. Application of (80 and 120 kg P ha-1) with phosphate biofertilizer, is recommended to increase 
crop yield.  

3. Studying other types of biofertilizers alone or in combinations to determine the most effective type 
to be used by farmers in Kurdistan region. 

4. Studying and isolation of some microbial strains for phosphate solubilizing in Kurdistan region 
soils are recommended. 
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