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ABSTRACT                                                                                                                                                                  

A field experiment was carried out to study the effect of three factors, the first was 

biofertilization with four types (without addition, combination of A.brasilense + A. 

chroococcum combination of G.mosseae + T. harzianum, and combination of the two previous 

combinations), The second factor four types of organic fertilizer(without 

adding,vermicompost ,Orgevit, a combination of the two previous organic fertilizers),and the 

third factor mineral fertilizer with two levels (0% and 50%) of the fertilizer recommendation 

in addition to the full fertilizer recommendation treatment (second comparison).RCBD was 

used with three replications. The results showed that the triple interaction of the 

biofertilization treatments added with the organic fertilizer combination of organic fertilizer 

with 50% of the mineral fertilizer recommendation showed the highest averages for the 

characteristics of growth and the total yield, which gave79.740 Mg ha
-1

, and the content of 

leaves and the curd from N, P and K after harvest and the content of the soil of N, P and K 

after harvesting, which amounted to 70.81, 38.19, 370.44 mg kg soil
-1

,in comparison with the 

no addition treatment which gave the lowest averages . 
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 واخَرون الدليمي                                                                            1675-1667(:5(55: 2024 -مجلة العلوم الزراعية العراقية

                                                 Brassica oleracea Var.botryوالعضوي والمعدني في نمو وحاصل القرنابيط   - تأثير التسميد الحيوي 
                                                                 *بسام كنعان عبد الجبار            ** حسن علي عبد الرضا                *لا موفق صبري الدليمي ع

 ي   الباحث العلم                     استاذ                                     الباحثة        
 .جامعة بغداد، العراق -كلية علوم الهندسة الزراعية -سم مكافحة التصحرق**وزارة الزراعة ،العراق.–*دائرة البحوث الزراعية 

                                                                                                                                         ص خلستالم
 A.brasilenseدراسة تاثير ثلاثة عوامل الاول هوالتسميد الحيوي بإربع أنواع )بدون اضافة وتوليفة من لنفذت تجربة حقلية 

+ A.chroococcum  وتوليفة منG.mosseae + T.harzianum أربع  يفتين الحيويتين( ،العامل الثاني،توليفة من التول
العضويين( والعامل الثالث السماد  والأورجفيت وتوليفة من السمادينالفيرميكمبوست )بدون اضافة و أنواع من السماد العضوي 

استخدم %( من التوصية السمادية بالأضافة الى معاملة التوصية السمادية الكاملة )مقارنة ثانية(.50و 0)المعدني بمستويين 
توليفة ال معالتداخل الثلاثي لمعاملات التسميد الحيوي إن تصميم القطاعات العشوائية الكاملة وبثلاث مكررات.أظهرت النتائج 

 79.740الحاصل الكلي إذ أعطت النمو و % من التوصية السمادية المعدنية اعلى المتوسطات لصفات  50ولسماد العضوي ا
ربة من النتروجين الفسفور والبوتاسيوم بعد الجني ومحتوى التمن النتروجين و والأقراص الزهرية محتوى الأوراق و 1-ميكاغرام هـ

بالمقارنة مع عدم الاضافة التي  1-ملغم كغم تربة 370.44، 38.19، 70.81 و الفسفور والبوتاسيوم بعد الجني والتي بلغت
 .اعطت اقل المتوسطات

 .، نباتات الخضر بكتريا، ديدان الأرضالكلمات المفتاحية: السماد الحيوي ،
*البحث مستل من اطروحة دكتوراه للباحث الاول   
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INTRODUCTION 

Many researchers in different countries of the 

world stimulate to counter challenges by 

developing long-term plans and strategies for 

the purpose of achieving sustainable 

agriculture and increasing productivity as 

achieving an increase in agricultural 

production is not limited to the use of mineral 

fertilizers only, as the expansion of their use 

means an expansion in increasing the chances 

of soil, water and air pollution, as well as 

avoiding the use of chemical pesticides in 

combating agricultural pests which plays the 

same role in environmental pollution, so the 

world has turned towards clean agricultural 

technologies to reduce as much as possible the 

sources of pollution. Therefore, the use of 

natural resources such as organic and 

biological fertilizers is a suitable alternative or 

supplement to mineral fertilizers (14,16). 

Biofertilizer are modern technologies, and they 

are preparations that contain one or two types 

or combinations of microorganisms that are 

added to the seeds, soil, or both. This 

technique includes maximizing the use of 

beneficial microorganisms for the purpose of 

employing them in improving the physical, 

chemical and biological properties of the soil 

and maintaining the balance of nutrients in 

agricultural lands to convert them into 

available forms for plant nutrition in order to 

provide those nutrients for plant growth during 

its life cycle which can dispense with at least 

part of the mineral fertilizers and thus increase 

production as well as its contribution to 

reducing agricultural production costs (22). 

Some of the microorganisms used in 

biofertilization, supply nitrogen through 

symbiotic and free fixation of gaseous 

nitrogen, such as Rhizobia, Azotobacter and 

Azospirillum, and some dissolve phosphate 

compounds, such as vesicular-arbuscular 

mycorrhiza, that symbiosis with most 

economic crops such as wheat, barley and 

vegetable crops through dissolve phosphate 

compounds and increase its availability and 

absorption by the plant, other microorganism  

relase potassium (15). In recent years, the use 

of vermicompost has developed, it is one of 

the environmentally friendly organic 

fertilizers, which has received great 

importance in Iraq for its role in increasing 

plant productivity (2), improving soil 

properties and increasing its content of 

available nutrients, organic matter and 

enzymes that increase the activities of 

microbial mass, which is positively reflected 

on soil and plant health and productivity. As 

well as the use of organic fertilizer that bears 

the commercial name Orgevit prepared from 

poultry waste, which contains major and minor 

elements and beneficial organisms for the 

plant in the form of pellets (pellets 4-5 mm), 

Orgevit stimulates the biological activity of the 

soil and stimulates plant enzymes, in addition 

to its effective role in improving the chemical 

and physical properties of the soil. Therefore, 

the integration in the use of biological and 

organic fertilizers will create a balanced 

environment for the activity of 

microorganisms and increase the release of 

nutrients in line with the needs of the plant (6). 

Cauliflower (Brassica oleracea Var. Botrytis), 

which belongs to the cruciferous family 

(Cruciferae), is one of the cool-temperature-

loving vegetable crops, and it is an important 

crop in Iraq and other countries of the world. It 

is an important food crop for its high 

nutritional value and has many health benefits, 

as it contains many nutrients, vitamins, 

carbohydrates, fats, and low calories (7). This 

study was aimed to evaluate the role of 

different combinations of bio and organic 

fertilizers with half of the mineral fertilizer 

recommendation in the growth and yield of 

cauliflower. 

MATERIALS AND METHODS 

A field experiment was carried out at the 

agricultural season 2020-2021 at the Soil 

Research Station of the Agricultural Research 

Department / Ministry of Agriculture in a Silty 

Clay Loam soil, a composite sample was taken 

from the field from different locations from a 

depth of 0-30 cm to determine its physical, 

chemical and fertility characteristics before 

planting and Table (1) shows these 

characteristics. The soil was prepared for 

cultivation by plowing, smoothing and 

leveling, and then preparing the meadows, 

then the field was divided into experimental 

units with an area of 10.8 m
2
 as each 

experimental unit in each sector included three 

meadows. Then 30 holes were made in each 

experimental unit, which were planted with 30 
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plants. The biofertilizer was added in four 

types: (No combination B0,the first 

combination consisting of Azospirillum 

brasilense + Azotobacter chroococcum B1, the 

second combination consisting of Glomus 

mosseae + Trichoderma harzianum B2,the 

third consist of  combination B1 and B2 and 

its symbol B3,   The organic fertilizer was also 

added in four types: (without adding O0, 

adding vermicompost O1, adding Orgevit O2, 

combining fertilizers of O1 and O2 and its 

symbol O3), and mineral fertilizer added with 

two levels(0% and 50%) and its symbol (C0 

and C1)fertilizer recommendation for 

cauliflower (Bulletin of the Ministry of 

Agriculture). The inoculum were prepared 

from the above mentioned bacterial isolates in 

a Nutrient Broth, then the roots of cauliflower 

seedlings were immersed in these media for 15 

minutes in the presence of a sterile solution of 

gum arabic (20%). As for the mineral 

fertilizer, it was added in two doses, the first 

during planting and the second at the 

beginning of curd forming. At the end of the 

experiment, the following parameters were 

studied for six randomly selected plants from 

each experimental unit (curd diameter, curd 

weight, curd dry weight, total yield), (Leaf 

content of nitrogen, phosphorous and 

potassium after harvesting), (content of curd of 

nitrogen, phosphorous and potassium), soil 

content of available nitrogen, phosphorous and 

potassium after harvesting.

Table 1. Some chemical, physical and fertility properties of the study soil before planting 
No Properties  Amount Unit 

1 pH (1:1) Soil Reaction            7.6  

2 EC(1:1) Electrical Conductivity          2.80 dSm
-1

 

3 CEC Cationic Exchange Capacity          21.3 Cmol+kg
-1

 

soil 

4 SOM           9.8  

gm kg
-1

soil 5 Carbonate (CaCO3)           215  

6 Gypsum (2H2O.CaSO4)           0.6 

 

7 

 

Positive Ions 

Ca
+2      

                                       10.25  

 

 

Mmol L
-1

 

Mg
+2  

                                     6.25 

Na
+
                       

    
10.4 

K
+ 

                         
 

1.05 

 

 

8 

 

Negative Ions 

Cl
-

 14.5 

SO4
=

  10.85 

HCO3
-

 2.0 

CO3
-

 Nil 

 

 

9 

 

Elements Available 

Available    N           35.0 Mg kg
-1

 soil 

Available    P          12.7 

Available    K 230 

 

 

 

 

10 

 

 

 

 

physical Properties 

Bulk density 1.36 Mgm
-3

 

Volumetric moisture content at 

0.330 bar 

0.39  

 

cm
3
cm

-3
  Volumetric moisture content at 15 

bar 

0.20 

Available water 0.19 

Sand 200  

gm.kg
-1

soil Silt 435 

Clay 365 

11 Texture Silt Clay Loam  

12 Total bacteria                                 4.8× 10
6
 cfug

-1
 dry 

soil 13 Total Fungi                                1.1× 10
3
 

RESULTS AND DISCUSSION 

Effect of the different study factors on 

some growth and yield parameters of 

cauliflower, the diameter of the curd (cm), 

the weight of the curd (gm), the dry weight 

of the vegetative shoot (gm), the total yield 

(Mg ha
-1

). The results of the statistical 

analysis of the triple interaction between the 

averages of the biological, organic and 

mineral fertilizer treatments showed that there 

were significant differences between the rates 

of curd diameter, as the treatment of double 

biofertilization of  bacteria and  fungi with the 

addition of vermicompost and Orgevit 

together and 50% of the fertilizer 

recommendation B3O3C1 was superior and 
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gave an average curd diameter of 33.87 cm, 

followed by the treatment of using the same 

combination without adding the fertilizer 

recommendation(B3O3C0) which gave curd 

diameter value 33.22 cm. compared with the 

control treatment (B3O3C0), which gave the 

lowest rates, amounting to 20.15 cm, while 

the treatments (B3O3C1,B1O3C1) were 

superior and gave a curd weight of 2711 g and 

2625 g, compared with the control treatment, 

which amounted to 931g,on the other hand 

the treatments (B3O3C1 and B3O3C0 )were 

significantly for the dry weight of the 

vegetative shoot gave a values of 390.08 g 

and 380.01 g in comparison with the control 

treatment, the treatments (B3O3C1and 

B1O3C1) were significantly superior in its 

total yield and gave value of 79.74 Mg ha
-

1
and 77.21 Mg ha

-1 
respectively compared 

with the control treatment that gave  27.370 

Mg ha
-1

. Data in Table (2) shows significant 

effects of adding bio-fertilizer, and this may 

be due to effect of this combination which 

contain bacteria that stimulate plant growth, 

as they produce many growth regulators such 

as auxins, gibberellins and cytokines, in 

addition to increase the availability of macro 

and micro nutrients that improve the growth 

of vegetative part by increasing cell division 

and elongation, this is reflected in the 

diameter and weight of the curd and the 

increase in the dry weight of the vegetative 

shoot  and the total yield, Thus, these 

microorganisms played a vital role in the 

early stages of the plant's life and thus 

increased production. These results came in 

agreement with (8). As for the effect of 

organic fertilizer on these characteristics, it 

was significant, and this could be due to its 

role in increasing the density and efficency of 

microorganisms in the soil that decomposes 

the organic matter and releases the nutrients 

(5, 17). Mineral fertilizer could be increase 

the available of the macronutrients in the soil 

solution, which are easily absorbed by the 

plant and in quantities that are sufficient for 

its growth well and are necessary in building 

its tissues, and are important in regulating the 

effectiveness of hormones responsible for 

vital processes, for example, nitrogen plays a 

role in the effectiveness of meristematic cells 

and the production of auxin in quantities 

sufficient to reflect positively on plant growth 

parameters as is evident in the above-

mentioned characteristics. 

Table 2. The effect of the different study 

factors on some growth and yield 

parameters of cauliflower 
 Parameters  

Treatment diameter 

of the 

curd 

(cm) 

weight 

of the 

curd 

(gm) 

dry 

weight of 

the 

vegetative 

shoot 

(gm)  

total 

yield 

(mcg 

ha
-1

) 

B0O0C0 20.15 931 239.72 27.370 

B0O0C1 20.18 1859 250.92 54.690 

B0O1C0 23.87 1301 281.39 38.270 

B0O1C1 24.83 2194 291.79 64.530 

B0O2C0 21.82 1128 257.03 33.190 

B0O2C1 23.00 1949 268.22 57.320 

B0O3C0 25.96 1497 301.32 44.040 

B0O3C1 26.48 2378 311.69 69.960 

B1O0C0 22.81 1204 254.82 35.400 

B1O0C1 23.32 2022 265.95 59.480 

B1O1C0 26.19 1637 321.76 48.150 

B1O1C1 26.94 2484 334.14 73.070 

B1O2C0 24.10 1290 300.96 37.940 

B1O2C1 24.87 2122 312.26 62.420 

B1O3C0 28.35 1762 341.84 51.810 

B1O3C1 29.40 2625 353.16 77.210 

B2O0C0 22.04 1065 246.82 31.340 

B2O0C1 22.49 1918 257.98 56.400 

B2O1C0 25.34 1406 299.49 41.350 

B2O1C1 26.65 2300 310.99 67.650 

B2O2C0 22.78 1163 276.25 34.200 

B2O2C1 23.48 1978 286.59 58.170 

B2O3C0 26.63 1530 317.01 44.990 

B2O3C1 26.85 2422 327.81 71.230 

B3O0C0 25.00 1253 272.26 36.860 

B3O0C1 25.48 2079 282.12 61.140 

B3O1C0 29.85 1703 360.17 50.100 

B3O1C1 30.87 2560 371.38 75.310 

B3O2C0 28.22 1377 339.26 40.510 

B3O2C1 28.97 2041 349.93 60.020 

B3O3C0 33.22 1928 380.01 56.720 

B3O3C1 33.87 2711 390.08 79.740 

LSD 

B*O*C 

0.610 195.0 1.21 5.74 

NPK 25.44 2496 302.52 73.410 

Effect of different study factors on the 

concentration of NPK% in curd: The 

results of the triple interaction showed that 

there were statistically significant differences 

between the treatments in the concentration of 

nitrogen in the curd, as it was noted that the 

treatment of adding organic fertilizer from 

vermicompost and Orgevit together with the 

double biofertilizer of bacteria and fungi with 

the presence of 50% of the fertilizer 

recommendation (B3O3C1), which amounted 
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to 4.79% compared to the control treatment 

(B0O0C0) which gave 2.06%,the same 

treatment was significantly superior in 

phosphorous and potassium concentration, 

which amounted to 0.79%,4.35% respectively 

compared to the control treatment, which 

gave 0.27% and 2.23% respectively. Table (3) 

show that the addition of biofertilizer in the 

form of an integrated combination consisting 

of bacterial inoculums of A.brasilense + 

A.chroococcum and the combination of fungal 

inoculums of Glomus mosseae + 

Trichoderma harzianum with the 

vermicompost and Orgevit and the addition of 

50% of mineral fertilizers recommendation 

,led to a significant increase in the content of 

the curd from nitrogen, phosphorous and 

potassium. This may be due that the bio 

fertilizer consists of a combination of bacteria 

that stimulate plant growth that secrete some 

hormones which increase the size of the root, 

its absorption of nutrients increases and it has 

a high ability to fix atmospheric nitrogen 

freely or associatively with the help of the 

nitrogenase enzyme, as well as the secretion 

of enzymes that have a role in increasing the 

available of nutrients in the soil solution, that 

the plant uptake after stimulating the roots to 

absorb by bacteria, which increases the 

concentration of nitrogen and other nutrients 

inside the plant and thus is reflected on the 

yield and qualitative characteristics of the 

crud and fruits. On the other hand, the reason 

for the increase of phosphorous may be due to 

the fact that the biofertilizer contain an 

organisms that dissolve phosphate and 

stimulate root growth, it dissolves insoluble 

phosphorous compounds and makes them 

available for absorption by the plant. The 

roots encourage their absorption in large 

quantities, which leads to an increase in their 

concentration in the fruits, the reason may be 

due to the role of the added mineral fertilizer 

and the organic matter that improves soil 

qualities and activates microorganisms 

efficiency that secrete enzymes, thus 

facilitating the nutrients for the plant and its 

reflect on the content of the crud (3, 4, 12, 13, 

21) . 

 

 

 

 

Table 3.Effect of different study factors on 

the concentration of NPK% in curd 
 Parameters  

Treatment N % P % K % 

B0O0C0 2.06 0.27 2.23 

B0O0C1 2.94 0.38 2.54 

B0O1C0 3.42 0.49 2.68 

B0O1C1 3.64 0.56 2.76 

B0O2C0 2.60 0.40 2.46 

B0O2C1 2.78 0.49 2.55 

B0O3C0 3.65 0.60 2.90 

B0O3C1 3.95 0.64 3.00 

B1O0C0 2.46 0.40 2.40 

B1O0C1 3.04 0.47 2.43 

B1O1C0 3.59 0.53 2.70 

B1O1C1 3.43 0.59 2.78 

B1O2C0 2.84 0.49 2.52 

B1O2C1 2.93 0.53 2.61 

B1O3C0 3.64 0.62 2.88 

B1O3C1 3.86 0.65 2.92 

B2O0C0 2.52 0.35 2.29 

B2O0C1 2.89 0.35 2.35 

B2O1C0 2.93 0.46 2.70 

B2O1C1 2.68 0.50 2.80 

B2O2C0 2.54 0.40 2.47 

B2O2C1 2.59 0.44 2.52 

B2O3C0 3.18 0.60 2.78 

B2O3C1 2.81 0.67 2.85 

B3O0C0 2.77 0.48 2.57 

B3O0C1 3.13 0.52 2.68 

B3O1C0 3.68 0.69 4.19 

B3O1C1 4.57 0.71 4.27 

B3O2C0 3.22 0.64 3.95 

B3O2C1 3.45 0.67 4.10 

B3O3C0 4.33 0.76 4.25 

B3O3C1 4.79 0.79 4.35 

LSD B*O*C 0.167 0.051 0.136 

NPK 3.41 0.68 3.92 

Effect of different study factors on the 

availability of N, P and K in the soil after 

harvest.: The results showed that the triple 

interaction between biofertilizer, organic and 

mineral fertilizers had significant effects on 

the available nitrogen in the soil after 

harvesting, the treatment of between 

vermicompost and Orgevit together and with 

the bacterial and fungal biofertilization in the 

presence of 50% of the mineral fertilizer 

recommendation B3O3C1 gave 70.81 mg N kg 

soil
-1

  as well as the treatment of B1O3C1, in 

which the available of nitrogen was 68.11 mg 

N kg soil
-1

 compared to the control treatment 

B0O0C0 which amounted to 22.50 mg N kg 

soil
-1

, and the same treatments showed a 

significant superiority of the available 

phosphorous, which gave values of 38.19, 

36.66 mg P kg soil
-1

,compared to the control 



Iraqi Journal of Agricultural Sciences –2024:55(5):1667-1675                                     Aldolaimy & et al. 

1672 

treatment, that gave value of 9.13 mg P kg 

soil
-1

. The same treatments were also 

significantly superior in the available 

potassium and gave values of 370.44 mg K 

kg
-1

soil. The B3O3C0 treatment gave available 

potassium reached to 361.26 and was also 

superior to that of the control treatment, 

which amounted to 199.47 mg K kg
-1

 soil. It 

was clear from the results in Table (4) that the 

biofertilization in the form of a complete 

combination of bacterial and fungal fertilizers 

led to a significant increase in the soil’s 

nitrogen content because this combination 

contain Azospirillum brasilense that 

stimulates root growth and fixes nitrogen, as 

increasing the rate of nitrogen fixation leads 

to an increase in the available amount of it in 

the soil (1, 10) on the other hand the presence 

of Azotobacter chroococcum, which fix freely 

nitrogen in the soil, as well as the amount of 

nitrogen that is released in the form of 

ammonia after the death and decomposition 

of Azotobacter and the production of plant 

hormones and growth regulators contributes 

to the high available nitrogen values in the 

field soil inoculated with these bacteria, and a 

significant increase in the concentration of 

IAA, being a bacteria that stimulates plant 

growth, and adding it in interaction with 

phosphate-dissolving bacteria leads to an 

increase in the amount of available nitrogen in 

the soil, especially because there is no 

antibiosis between them and this is confirmed 

by (20).The increase in the available 

phosphorous and potassium in the soil, came 

as a result of fungi addition that interact with 

the other microorganisms and stimulate the 

growth and increase the availability of the 

these elements. Rather, it increases the 

amount of it dissolved in the medium in 

which it is located, and this is confirmed by 

(11), as for the added organic fertilizer, it 

activates microorganisms as well as being a 

source of energy for them and improves soil 

properties such as soil structure and its ability 

to retain water and thus leads to an increase in 

the availability of the nutrients, especially 

nitrogen, phosphorous and potassium (9). 

 

 

 

 

 

Table 4. Effect of different study factors on 

the availability of N, P and K in the soil 

after harvest 
 Parameters  

Treatment N mg kg 

soil
-1

 

P mg kg 

soil
-1

 

K mg kg 

soil
-1

 

B0O0C0 22.50 9.13 199.47 

B0O0C1 38.60 22.94 222.29 

B0O1C0 36.70 20.18 260.93 

B0O1C1 56.55 28.82 271.72 

B0O2C0 29.48 22.01 241.64 

B0O2C1 43.50 26.63 251.90 

B0O3C0 45.02 29.71 285.66 

B0O3C1 61.76 31.49 296.81 

B1O0C0 31.95 22.12 245.59 

B1O0C1 45.75 26.10 256.66 

B1O1C0 47.22 26.93 302.03 

B1O1C1 59.00 29.57 311.40 

B1O2C0 37.17 24.42 275.91 

B1O2C1 52.53 27.26 286.04 

B1O3C0 52.09 30.05 321.01 

B1O3C1 68.11 33.05 336.38 

B2O0C0 26.04 20.51 229.69 

B2O0C1 42.43 24.02 241.41 

B2O1C0 41.36 24.61 276.15 

B2O1C1 56.06 27.62 286.35 

B2O2C0 31.49 22.34 260.88 

B2O2C1 45.37 24.99 272.01 

B2O3C0 46.19 27.91 305.45 

B2O3C1 57.41 30.33 316.60 

B3O0C0 36.71 29.84 264.15 

B3O0C1 50.50 31.71 276.77 

B3O1C0 54.52 34.18 340.81 

B3O1C1 66.76 36.66 351.11 

B3O2C0 45.34 32.05 295.95 

B3O2C1 59.39 34.74 315.94 

B3O3C0 65.54 35.16 361.26 

B3O3C1 70.81 38.19 370.44 

LSD B*O*C 0.765 0.716 1.083 

NPK 61.00 29.50 276.80 

Effect of different study factors on the 

concentration of NPK% in leaves after 

harvesting: The results of the statically 

analysis showed that addition of biofertilizer 

in combination with organic fertilizer had a 

significant effect on nitrogen concentration in 

leaves, the interaction treatment of 

vermicompost and Orgevit with bacterial and 

fungal bio-fertilizer fungi with or without the 

addition of the mineral fertilizer 

recommendation B3O3C1 and B3O3C0 were 

superior and gave a nitrogen concentration  

value of 3.11%, 3.08% respectively compared 

to control treatment (B0O0C0). That gave 1.99 

% only. The results also showed significant 

differences in the phosphorous concentration 

in the leaves, as it reached 0.61% in the 
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B3O3C1 treatment, followed by the B3O1C1 

treatment and reached to 0.56% compared to 

the control treatment, which amounted to 

0.20% only .The results also showed 

significant differences in the potassium 

concentration rates in the leaves, as the 

B1O2C1 treatment was superior, followed by 

the B3O3C1 treatment, and gave potassium 

concentration of 3.13% and 3.10%, 

respectively, compared to control treatment  

that was 1.98% only . 

The results in Table (5) show that there were 

positive significant differences for the triple 

interaction between biological, organic and 

mineral fertilizers in the concentration of 

nitrogen, phosphorous and potassium in the 

leaves, this may be due to the positive 

interaction between bacterial and fungal 

biofertilizer with organic fertilizer in the 

presence of 50% of mineral fertilizers. 

The microorganisms in bio-fertilizer have the 

ability to increase the availability of the 

necessary elements and encourage the plant to 

grow well and it has good properties in terms 

of organic acids and energy compounds that 

benefit microorganisms in the soil (19), this 

may be due to the role of microorganisms in 

increasing the nutrients content of leaves, 

during different growth stage of plant, for 

example, Azotobacter and Azospirillum have 

a role in increasing their nitrogen content by 

the process of nitrogen fixation, as well as the 

phosphate-dissolving fungi, have an effect on 

increasing phosphorus from its unavailable 

sources and increasing its concentration in the 

plant. Organic fertilizers have an important 

role in increasing the effectiveness of these 

bacterial species that stimulate plant growth. 

It fixes atmospheric nitrogen and dissolves 

phosphorous from its insoluble compounds 

through the production of organic acids, also, 

the organic fertilizer contains the available 

nutrients after its decomposition, and in the 

presence of the mineral fertilizer, the 

available and sufficient quantity increases for 

what the plant needs for good growth after 

increasing its ability to absorb because the 

nutrient are available in the soil solution and 

this was came in agreement with (18). 

 

Table 5.Effect of different study factors on 

the concentration of NPK% in leaves after 

harvesting 
 Parameters  

Treatment N % P % K % 

    

B0O0C0 1.99 0.21 1.98 

B0O0C1 2.22 0.28 2.34 

B0O1C0 2.34 0.32 2.44 

B0O1C1 2.38 0.36 2.53 

B0O2C0 2.30 0.31 2.38 

B0O2C1 2.37 0.35 2.43 

B0O3C0 2.48 0.36 2.59 

B0O3C1 2.59 0.39 2.69 

B1O0C0 2.41 0.32 2.37 

B1O0C1 2.49 0.34 2.42 

B1O1C0 2.58 0.35 2.46 

B1O1C1 2.60 0.37 2.54 

B1O2C0 2.41 0.33 3.05 

B1O2C1 2.47 0.36 3.13 

B1O3C0 2.64 0.45 2.63 

B1O3C1 2.72 0.51 2.70 

B2O0C0 2.24 0.30 2.29 

B2O0C1 2.32 0.36 2.32 

B2O1C0 2.32 0.31 2.50 

B2O1C1 2.41 0.41 2.52 

B2O2C0 2.36 0.32 2.48 

B2O2C1 2.40 0.41 2.54 

B2O3C0 2.46 0.36 2.56 

B2O3C1 2.55 0.39 2.61 

B3O0C0 2.58 0.32 2.38 

B3O0C1 2.61 0.39 2.42 

B3O1C0 2.76 0.52 2.57 

B3O1C1 2.94 0.56 2.68 

B3O2C0 2.65 0.37 2.41 

B3O2C1 2.79 0.48 2.47 

B3O3C0 3.08 0.53 2.97 

B3O3C1 3.11 0.61 3.10 

LSD B*O*C 0.075 0.063 0.072 

NPK 2.87 0.49 2.58 
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