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ABSTRACT  

Soybean (Glycine max L.) is one of the most important crops belong to the leguminous family 

native to East Asia. Chemical fertilizers are widely used to increase production in quantity 

and quality. As a result of the harmful effects caused by chemical fertilizers, it become 

necessary to find alternative solutions as sustainable approach toward supply plant by 

elements needs such as biofertilizers. In this study, Bradyrhizobium japonicum alone or in 

combination of microorganism inoculation included (B. japonicum, Bacillus subtilis, Glomus 

mosseae, and Anabaena azollae) were tested toward soybean growth parameters under open 

field condition. Results showed that there is a significant differences in terms of plant height, 

vegetative and dry grain of soybean and other parameters with combined inoculation and B. 

japonicum alone in compare with control treatments. Moreover, key pest larval density were 

also affected by treatments such as Popillia japonica, Spodoptera littoralis and Agrotis ipsilon. 

The results suggest the use of specific combination of microorganism is recommended as 

alternative approaches toward sustainable agriculture production of soybean crop.  
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 واخَرون  فاضل                                                                              2138-2128(:6(55: 2024 -مجلة العلوم الزراعية العراقية

على كثافة بعض الآفات الرئيسية كنهج  ثيراتهاوتأ .Glycine max Lمحصول فول الصويا  الأسمدة الحيوية على نمو ثأثير
 نحو الإنتاج الزراعي المستدام بديل

 2حسن مومن ليلو           1فريال حسوني صادق                 1الاء رياض فاضل 

 باحث                       استاذ                   باحث                                        
 .بغدادقسم وقاية النبات، كلية علوم الهندسة الزراعية، جامعة  1

 وزارة الزراعة، بغداد.، دائرة وقاية المزروعات 2
 المستخلص

من أهم المحاصيل التي تنتمي إلى الفصيلة البقولية. تستخدم الأسمدة الكيميائية  Glycine max (L.)فول الصويا  محصول
، أصبح من ميائيةالأسمدة الكي على نطاق واسع لزيادة الإنتاج من حيث الكمية والنوعية. نتيجة للآثار الضارة التي تسببها

الضروري إيجاد حلول بديلة لتزويد النبات باحتياجاته من العناصر مثل الأسمدة الحيوية. في هذه الدراسة، تم اختبار عزلة 
 .B. japonicum)  ،B. subtilis ،Gبمفرده أو مع التلقيح بالكائنات الحية الدقيقة  B. japonicumبكتيرية من 
mosseaeو ، (A. azollae تجاه محصول فول الصويا. أظهرت النتائج وجود فروق معنوية في ارتفاع النبات والحبوب

 .A وS. littoralis وP. japonica الجافة و الوزن الخضري. علاوة على ذلك، قلت كثافة يرقات الآفات الرئيسية للـ
ipsilon. مجموعة محددة من الكائنات الحية الدقيقة يمكن ان  بعد المعاملات قيد الدراسة. تشير النتائج إلى أن استخدام

 .يكون كنهج بديل نحو الإنتاج الزراعي المستدام لمحصول فول الصويا
 بكتريا، مايكورايزا، افات اقتصادية، الكثافة السكانيةالكلمات المفتاحية: 
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INTRODUCTION  

Soybean (Glycine max) is one of the most 

important crops in the world due to its high oil 

and protein content reach to18 % and 40% 

respectively. In addition, their use in many 

industries, such as providing food, fodder, 

fuel, and some medical uses (8, 47). Moreover, 

soybean contribution toward soil fertility, 

leading to high productivity, and profitability; 

and, thus, is rightly referred to as the miracle 

crop. In the growth cycle, plants needs many 

nutritional elements in different proportions 

that must be present in the soil to achieve 

optimal plant growth that is reflected in the 

quantity and quality of production (9, 59). 

However, plants may face many problems 

during their growth stages due to biotic or 

abiotic factor including a lack of some 

elements necessary for growth, which may 

negatively affect the development of all 

growth stages (14). In response to luck of 

nutrients elements, many farmers are using 

chemical fertilizers extensively to increase 

their production. On the other hand, the 

intense use of chemical fertilizers is 

accompanied by many harmful effects on 

human health and environment. Hence there is 

an important need for safe and sustainable 

alternative (26). Many studies have been 

conducted for exploration the effects of 

biofertilization by microorganism and their 

influence on crop production (1, 16, 18, 19, 

25). Microorganism interaction with host plant 

are well known to improve the absorption of 

many elements such as phosphorus, potassium, 

nitrogen and even microelements. In the same 

context, biofertilizers can also be useful for 

crop protection from many pests, diseases, and 

others, thus reducing the use of pesticides 

application (14). Many specific plants of the 

leguminous family are characterized by their 

symbiotic relationship with rhizobia bacteria 

that have grate benefits in fixation of nitrogen 

in the soil, which may provide part or all of the 

plant’s needs (60, 61).  In the rhizosphere, 

there are several group of bacteria called 

rhizobacteria which induce many positive 

effects on plant growth (plant growth 

promoting rhizobacteria). These organisms 

belong to several genera such as Azotobacter 

sp., Bacillus sp., Rhizobium sp., 

Bradyrhizobium sp. Streptomyces sp. 

Azospirillum, and Trichoderma sp. (10, 61). 

Moreover, some species of Streptomyces are 

known as plant growth-promoting and 

biocontrol agents because of their potential to 

produce a wide range of secondary metabolism 

such as alkaloids, vitamins, enzymes, plant 

growth factors, and enzyme inhibitors (15, 38). 

Furthermore, rhizobium inoculation is used as 

agronomic practice to ensuring for supply of 

adequate nitrogen for legumes crops. In 

specific, inoculating soybeans with a 

Bradyrhizobium strain is essential for 

supplying crop nitrogen demand, which may 

reduce the need for conventional of nitrogen 

fertilizers and thus reduces the cost of 

production (61). Moreover, Phosphate-

solubilizing microorganisms produce several 

organic acids such as oxalate, lactate, acetate, 

gluconate, tartrate citrate and succinate that 

have several positive effects on plant 

production for example, phosphate-

solubilizing bacteria have led to increase 

wheat yield under different experiments (29, 

30, 34, 36, 45, 52). Other studied indicated 

that the use of different combinations of 

microorganisms also has great benefits on the 

crop, for example using of phosphate 

solubilizing bacteria with one strain of 

rhizobial bacteria on the pea plant led to 

increase of grain yield and grain protein level 

significantly compared with control treatment 

(5,9, 31). Cyanobacteria are emerging as 

microorganism used for sustainable 

agricultural development for provide plant 

with elements needs (6, 20, 27, 54).  For 

example, Diazotrophes are cyanobacteria, it is 

used in the manufacturing of environmentally 

friendly fertilizers, and it can also compensate 

for nitrogen deficiency in plants, as well as 

improve soil aeration, water retention capacity, 

and provide vitamin B12 (22, 55). The most 

efficient nitrogen-fixing cyanobacteria are A. 

azollae A. variabilis, Nostoc linkia, Aulosira 

fertilisima, Calothrix sp., Tolypothrix sp., and 

Scytonema sp. which present in the rice and 

legume crop cultivation area (46). On the other 

hand, Soybean crop is attacked by a number of 

pests that have significant economic impacts. 

For example P. japonica (49), S. littoralis (21) 

and A. ipsilon (13). Many studies have shown 

that biofertilizer give the plants a great ability 

to tolerant of the threat of pests. Therefore, this 
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study was aimed to evaluate some of 

microorganism such as (Bradyrhizobium 

japonicum, Bacillus subtilis, Glomus mosseae, 

and Anabaena azollae) in combination or 

alone toward soybean crop and test their 

effectiveness on the growth characteristic and 

productivity, also to monitoring of some key 

pest larvae densities under open field 

conditions.  

MATERIALS AND METHODS 

Microorganisms used in this study are B. 

japonicum, B. subtilis and G. mosseae were 

obtained from laboratories of the department 

of biotechnology, ministry of science and A. 

azollae was obtained from plant protection 

directorate, ministry of agriculture. 

Microorganisms were isolated previously and 

confirmed by National Center for 

Biotechnology Information (NCBI).  

Preparation of B. japonicum inoculation  

A concentration 10
9
 cells/ml of B. japonicum 

isolation was prepared according to the 

procedure that described by Alkurtany (3). 

After that, 1 kg of soybean seeds free of insect 

and fungal infections were prepared and 

sterilized. The seeds were soaked with the 

inoculation solution for 1 hours. The seeds 

were left to dry and prepared for sawing. 

Preparation of inoculation combination 

treatments: The combination of the following 

isolation was prepared to the procedure that 

described by Alkurtany (3) with some 

modification using (B. japonicum, B. subtilis 

and A. azollae) at 10
 9 

cell/ml concentration of 

each in addition to the mycorrhizal fungi G. 

mosseae at 50 cell/ml. After that 1 Kg of 

soybean seeds were soaked for two hours at 

room temperature, then left to dry.  

Preparation of control Treatments 

For control treatments, a conventional 

fertilizer containing nitrogen (N), phosphorus 

(P) and potassium (K), was used with an 

application rate N 20, P 20 K 20 kg/ha before 

seed sowing. Another application of chemical 

fertilizer was applied in mid of season with N 

12 , P 36 , K 12 kg/ha. Final application also 

was applied before the maturation stage with 

N 12 , P 12 , K 36 kg/ha. 

Field evaluation: The field study was carried 

out at the Dibbana research station located in 

south of Baghdad from June – October 2023. 

Seeds were then sowing in rows (5 m the 

length of each row), 5 rows with B. japonicum 

treatments alone and other 5 rows for 

inoculation with (B. japonicum, B. subtilis and 

G. mosseae, A. azollae with B. japonicum) 

treatments. Moreover, other 5 rows for control 

treatments. 3seeds were added per each hole 

and 15 cm the distance between each. A drip 

irrigation system (T-tape) was used. An 

analysis of soil properties was performed 

before and after planting. The experiment was 

designed according to Randomized Complete 

Block Design (RCBD), with three replications 

of the treatment in addition to three 

replications of the control treatment. The 

following of some growth factors such as: 

plant height, vegetative weight of plant and 

weight of grain was evaluated. 

Determination of some compounds contents  

To determine the content of soybeans of 

phenolic compounds, as well as the percentage 

of oils, carbohydrates and protein in the grain, 

samples were collected and then sent to the 

central laboratories- University of Baghdad for 

conducting the required analyses.  

Monitoring of pest larvae density  

To determine the density of Popillia japonica 

larvae which was already collected from soil 

Soil samples of 1 kg were collected for each 

experimental unit (each experimental unit had 

33 seedlings) at a depth of 20 cm in the early 

morning on a weekly basis, then placed in 

special bags. As for the Spodoptera littoralis, 

Agrotis ipsilon larvae, they were collected 

from soybean leaves. The samples were 

transferred to the laboratory for examination. 

The larval presence mean was calculated. The 

larval were already described by Iraqi Natural 

History Museum. 

Data analysis: The data were statistically 

analyzed by using SPSS package with 

ANOVA- one way. Analysis of variance 

technique was employed to test the overall 

significance of the data, while the least 

significance difference (LSD) test at P = 0.05 

was used to compare the differences among 

treatment means. 

RESULTS AND DISCUSSION 

Soil properties: The analysis of the soil 

properties before and after planting with B. 

japonicum are show in the table (1).The 

quantity of ready nitrogen was increased at the 

end of the season. In addition to the quantity of 
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phosphorus was also increased slightly. 

Moreover, potassium was also increased 

significantly at the end of the season. While, 

with the combination inoculation of (B. 

japonicum, B. subtilis, G. mosseae, and A. 

azollae) table (2), the results of ready nitrogen, 

phosphors, potassium and soil acidity was also 

increased in the end of the season more than 

treatments with Bradyrhizobium alone. 

Table 1. Analysis of soil properties before and after treatments with (B. japonicum) only 

(mean +SE). 
No. soil 

properties 

mg/kg 

Before planting Mid of season End of season 

1 N 56(2.3) 77(4.1) 87.5(3.6) 

2 P 17.6 (1.4) 21(2.6) 20 (1.8) 

3 K 253(15.2) 285(16.5) 332 (13.8) 

4 pH 7.3 (0.6) 5.99 (0.2) 6.1( 0.3) 

Table 2. Analysis of soil properties before and after combined treatments with (B. japonicum, 

B. subtilis, G. mosseae, and A. azollae) (mean +SE). 
No. soil 

properties 

mg/kg 

Before planting Mid of season End of season 

1 N 56(4.6) 59.5 (7.8) 105( 6.7) 

2 P 17.6 (2.5) 15.8 (2.7) 45(3.6) 

3 K 253(11.5) 264(16.3) 532(15.6) 

4 pH 7.3 (0.8) 6.6 (0.4) 6.3 (0.2) 

Plant height: The effects of microbial 

inoculants on plant height of soybean are show 

in table (3). A significant differences were 

observed between treatments after 3 months of 

planting (p = 0.001). The highest growth rate 

in plant height was 57. 3 cm recorded with the 

combination of the inoculants (B. japonicum, 

B. subtilis, G. mosseae, and A. azollae), while 

the less height was 41.06 cm observed with 

control treatments. However, with B. 

japonicum the height plant was 47 cm. 

Table3. Effects of biofertilizer on height of 

soybean plant (P < 0.05). 

Vegetative weight: The effects of microbial 

inoculants on plant vegetative weight on 

soybean are show in table (4). Application of 

the inoculums were showed a significance 

differences between the treatments after 3 

months (p = 0.001). The highest average of 

vegetative weight in soybean plant with (B. 

japonicum, B. subtilis, G. mosseae, and A. 

azollae) treatment was 149.2 g, while the less 

weight observed with control treatments was 

49.8 g. Furthermore the treatments with B. 

japonicum was 95.6 g.  

Table 4. Effects of biofertilizer on vegetative 

weight of soybean plant (P < 0.05). 
Treatments Mean Std. 

Error 

LSD 

differences 

Control 15 2.0 a 

Bradyrhizobium  51.3 13.8 b 

Combination of 

biofertilizer 

108.3 5.3 c 

LSD 0.001   

F-value 29.482   

Weight of 100 g soybean grain.  

The effect of microbial inoculants on the 

weight of dried soybean grain are showed in 

table (5). A significance differences were 

observed between the treatments (p= 0.001). 

The highest weight was 19.40 g observed with 

the combination of the inoculants (B. 

japonicum, B. subtilis, G. mosseae, and A. 

azollae). As well as, with control treatments 

the weight of soybean grain was 13.5 g. While 

with B. japonicum treatments the grin weight 

was 15.6 g. 

 

Tretments Mean Std. 

Error 

LSD 

differences 

Control 41.0 0.63 a 

Bradyrhizobium 47 2.30 b 

Combination of 

biofertilizer 

57.3 0.72 c 

LSD 0.0006   

f - value 32.46   
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Table 5. Effects of biofertilizer on weight of soybean seeds (P < 0.05). 

Tretments Mean Std. Error LSD differences 

control  13.15 0.28 a 

Bradyrhizobium  15.63 0.84 b 

Combination of biofertilizer 19.40 0.22 c 

LSD 0.001   

F-value 32.460   

Determination of some compounds contents  

The results of the analysis of phenolic 

compounds in table (6) indicated that there 

were clear significant differences between the 

treatments. The highest amount of phenolic 

was in the combination of biofertilizer 

treatment, while the amount of phenolic 

compounds decreased in the bradyrhizobium 

treatment. Also, the control treatment 

contained the least amount of phenolic 

compounds compared to the other treatments.  

Furthermore, the results of the oil analysis also 

indicated that there were significant 

differences between the treatments (P > 0.05) 

table (7), as the amount of oils was the highest 

in the combination of biofertilizer treatment, 

where it was 23%, then it decreased in the 

bradyrhizobium treatment alone, where it was 

20%, then it also decreased in the control 

treatment, where it was 15%. Moreover, there 

were also significant differences in 

carbohydrate compounds (P > 0.05), which 

were higher in combination of biofertilizer 

treatment where it was 35% compared to the 

bradyrhizobium and control treatments where 

it was 30% and 31 % respectively table (7). 

Analysis of the amount of protein also 

indicated that there were significant 

differences between the treatments, as the 

amount was highest in the combination of 

biofertilizer treatment, where it was 38%, 

while it was lowest in the bradyrhizobium 

treatment alone, where it was 29%. It also 

decreased a lot in the control treatment, as it 

was 14% table (7). 

Table 6. Soybean content of phenolic compounds after treatments by B. Japonicum alone and 

in combination inoculants. Different letter indicate a significant difeances (p > 0.05), one way 

anova followed by LSD test. 

Treatments Phenolic compounds Std. Error LSD differences 

Control 244.17 54.22 a 

bradyrhizobium 761.07 76.45 b 

combination of 

Biofertilizer 

958.07 111.76 c 

LSD 0.01   

Table 7. Soybean grain content of oil, carbohydrate and protein after treatments by B. 

Japonicum alone and in combination inoculants. Different letter indicate a significant 

difeances (p > 0.05), one way anova followed by LSD test. 

Treatments Oil % Carbohydrate % Protein % 

Control 15.51 ( a) 31.63 (a) 13.91 (a) 

bradyrhizobium 20.57 (b) 31.8 (a) 29.64 (b) 

combination of 

Biofertilizer 

22.25 (c) 34.63 (b) 38.3 (c)  

LSD 0.003   

Monitoring of pest larvae density  

The results of monitoring the density of 

Popillia japonica larvae indicated that the 

density was lower in the combination of 

biofertilizer and bradyrhizobium treatment 

compared to the control treatment table (8). Its 

highest activity was in the seventh week of 

planting, while its lowest activity was in the 

first and thirteenth weeks of planting. 
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Table 8. Means density of Popillia japonica 

larvae during soybean growing season after 

treatments with treatments by B. Japonicum 

alone and in combination inoculants 
Weeks Control Bradyrhizobium  Combination 

of 

biofertilizer 

1 0 0 0 

2 1 1.7 1 

3 2.67 1.5 1 

4 3.67 2 1.33 

5 3.67 1.5 1 

6 3 1.5 0.67 

7 4.33 1 0 

8 4 0.6 0 

9 3 1 0.33 

10 3.33 1 0 

11 4.33 1 0 

12 2 0.3 0.33 

13 0.67 0 0 

Moreover, the results of monitoring the 

density of spodoptera littoralis larvae 

indicated that the density was lower in the 

combination of biofertilizer and 

bradyrhizobium treatment compared to the 

control treatment table (9). Its highest activity 

was in thirteenth weeks of planting, while its 

lowest activity was in the first of planting. 

Table 9. Means density of spodoptera 

littoralis larvae during soybean growing 

season after treatments with treatments by 

B. Japonicum alone and in combination 

inoculants 
Weeks Control Bradyrhizobium  Combination 

of 

biofertilizer 

1 0 0 0 

2 1 0 0 

3 1.33 1 0 

4 2 1.3 1 

5 2 1 1.67 

6 4 2 0.67 

7 4 2 0 

8 3.33 1.7 0 

9 3.33 1.9 0 

10 6 2 1 

11 5.33 1 0 

12 7 2 0 

13 7 0.6 0 

Furthermore, the results of monitoring the 

density of Agrotis ipsilon larvae indicated that 

the density was lower in the combination of 

biofertilizer and bradyrhizobium treatment 

compared to the control treatment. (Table 10). 

Its highest activity was in third weeks of 

planting, while its lowest activity was in the 

twelfth week of planting. 

Table 10. Means density of Agrotis ipsilon 

larvae during soybean growing season after 

treatments with treatments by B. 

Japonicum alone and in combination 

inoculants 
Weeks Control Bradyrhizobium  Combination 

of 

biofertilizer 

1 1.67 1 0.33 

2 1.4 1.2 1 

3 2.33 1.9 1 

4 2 1 0.33 

5 2 1.5 0 

6 1.33 1.2 0 

7 1.33 1 0.33 

8 0.67 0.5 0 

9 1 0.6 0.67 

10 0.33 0.2 0 

11 0.67 0.1 0 

12 0 0 0 

13 0 0 0 

Biofertilization is considered one of the most 

important and safe alternatives to chemical 

fertilizers (7, 24, 28). Biofertilization would 

provide many benefits to the plants in terms of 

promotion of plant growth, plant protection 

and increasing the yield (2). Results of the 

present study indicated that the use combined 

inoculation of (B. japonicum, B. subtilis, G. 

mosseae, and A. azollae) on soybean plants led 

to an increase in the plant productivity 

compare with B. japonicum alone and control 

treatments. Several studies have been 

demonstrated that the effects of 

Bradyrhizobium sp. and Azotobacter sp. alone 

or in combination inoculant led to increase of 

nodules number in several crops such as 

Mungbean varieties due to their ability to fix 

the nitrogen in the soil (37, 41, 42, 57). This 

effects of Bradyrhizobium bacteria belong to 

the availability of the chromosomes that have 

a symbiosis islands which carry nod and nif 

genes that responsible for the nodulation and 
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nitrogen fixation (44). Moreover, the effects of 

B. japonicum inoculation in combination with 

phosphate solubilizing bacteria has increases 

the dry weight on bean (43). This results 

agreed with another study which showed that 

the use of the. B japonicum species led to 

increase the number of pods, number of seeds, 

seed weight, grain protein, total protein 

content and development of plant leaves when 

tested in two soybean cultivars (58, 62). 

Furthermore, soybean seeds inoculated by 

rhizobial bacteria provides plants with an 

increased in the number of pods, number of 

seeds, weight of thousand grain and the yield 

of soybean in general (35). The ability of 

rhizobia bacteria to fix nitrogen is due to the 

nodules found in the roots of most legumes, 

which work to convert nitrogen from 

atmosphere into ammonia that is easily 

absorbed by the plant (39). Furthermore, 

Phosphate solubilizing bacteria which made 

inorganic soil phosphates such as Fe, Ca and 

Al soluble by production several organic acid, 

siderophores and hydroxyl and carboxyl 

grouped and make them available for plant 

utilization (53). In the same context, the 

inoculation by Bacillus pumilus resulted in a 

significantly increase of plant height, leaf 

number, leaf area, grain protein and nodulation 

of soybean plant (56). Moreover, the combined 

inoculation of soybean by phosphate 

solubilizing bacteria and symbiotic bacteria 

increased the dry weight of soybean (50). On 

the other hand, biofertilizer with B. 

subtilis also increased the cotton plant growth, 

number of bolls and improved yield of cotton 

fiber (59). However, mycorrhizal fungi are 

well known as a biofertilizer that allows plants 

to exploit the mineral elements in the soil due 

to their root-like structure and possess a 

network of mycelium external to the tree roots 

that extends into the soil. This mycelium 

absorbs nutrients and translocate them back to 

the host plant, as a result, there is an increase 

in the absorption surface area of the roots. In 

the study conducted by (51) indicated that 

many species of mycorrhizal fungi inoculants 

such as Glomusetunicatum species are 

reported to enhance the vegetative growth, 

chlorophyll, and nutrient level in maize. In 

addition, species of Vignaradiata were also 

reported to have a positive impact on the 

nitrogen, potassium, phosphorus, and protein 

content of the green grain (12). Moreover, the 

use of the species, Glomus mosseae was 

improved wheat and corn yield even under 

stress conditions (4, 7, 17, 26, 40).  

Furthermore, the combined inoculation of 

Acaulospora lacunosa and Glomus 

constrictum improved foliar nutrient status of 

onions Allium porrum (23). Other previous 

studies indicated that cyanobacteria play a 

crucial role in the preservation and build-up of 

soil fertility and maintaining optimum yield 

production, as a natural biofertilizer by 

development of sustainable agricultural 

practices depending on the utilization of 

beneficial outcomes of cyanobacterial growth 

)55). These findings agreed with the 

observations by (3) who noted that the 

application of algae extracts leads to an 

increase in chlorophyll concentration. This, in 

turn, enhances the absorption of light energy, 

resulting in enhanced sugar and biomass 

production. Furthermore, it facilitates the 

provision of vital energy for protein synthesis 

within the plant. The results also indicated a 

significant increase in the percentage of oil, 

carbohydrates, protein, and phenolic 

compounds, whether treated with combination 

of biofertilizer or bradyrhizobium isolation, 

compared to the control treatment. We also 

previously pointed out the efficiency of 

biofertilizers in increasing production, as it 

was reflected positively on the amount of oil, 

carbohydrates, protein, and phenolic 

compounds for example the phenolic 

compounds increased in Coriandrum sativum 

L. after treatments of Bacillus halotolerans 

biofertilizer (33).This finding agreed with 

aved, and Panwar (32) were proved 

carbohydrate also increased in response to 

biofertilizers treatments on Glycine max and 

Vigna mungo. In the same context, oil and 

proten content also increased after application 

of biofertilizers as agreed with (61).Moreover, 

the densities of some economically important 

pests (P. japonica, S. littoralis and A. ipsilon), 

were decreased after treatment with 

biofertilizers. Biofertilizers can be used as 

promoting of plant’s resistance to insects and 

pathogens, as they work to increase the level 

of secondary metabolic compounds that may 

act as repellent or killing insects. Biofertilizers 
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may also increase some of the properties 

related to plant growth, which may hinder the 

development and growth of the insect (11, 48). 

Also, the response of insects may vary 

depending on the stages of growth and 

development of the plant and climatic factors, 

and this may reflect the development of insects 

in certain stages of the development and 

growth of the plant. Therefore, the density of 

larvae of the pests under experiment differed 

between the first week and the thirteenth week 

of the stages of soybean plant development. 

REFERENCES 

1. Al-Khafaji, A. M. H. H., and K. D. H. Al-

jubouri. 2024. Individual and interactive utility 

of biological and physical invigoration for 

various carrots seeds orders and study their 

f i e l d  p e r f o r m an c e .  I r aq i  J o u r n a l  o f 

Agricultural Sciences, 55(4) :1566-1573.   

https://doi.org/10.36103/66873c67              

2. Al-Dulaimi, A.S.T. and W.A.,  Al-Rawi, 

2020. Effects of Biofertilizers and Compost 

Application on Vegtative Growth of Plum 

Transplants. Plant Archives, 20(1): 2215-2220. 

3. Alkurtany, A.E.S., S.A.M. Ali,  and W. M. 

Mahdi. 2018. The efficiency of prepared 

biofertilizer from local isolate of 

Bradyrhizobium sp on growth and yield of 

mungbean plant. Iraqi journal of agricultural 

sciences, 49(5):722-730. 

https://doi.org/10.36103/ijas.v49i5.22  

4. Al-Naqeeb, M.A.R., I.H.H.,  Al-Hilfy, J.H., 

Hamza, A.S.M. Al-Zubade, and H.M.K., Al-

Abodi, 2018. Biofertilizer (EM-1) effect on 

growth and yield of three bread wheat 

cultivars. Journal of Central European 

Agriculture, 19(3):530-543. 

https://doi.org/10.5513/JCEA01/19.3.2070  

5. Al-Obaidi, S.M.J. and H. A. Abdul-Ratha. 

2021. Evaluation of the combination of 

bacterial biofertilizer and vermicompost in the 

availability of N, P, K and some of plant 

parameters of beans (Phaseolus vulgaris 

L.). Iraqi Journal of Agricultural 

Sciences, 52(4). 

https://doi.org/10.36103/ijas.v52i4.1406  

6. Alomar, M., R. Bayerli, and H., Sharaby, 

2023. Effect of biofertilizer (Em1) and 

seaweed extract (Alga 600) on growth and 

productivity of strawberry Fragaria× ananassa 

plant. Iraqi Journal of Science: 5042-5050. 

https://orcid.org/0000-0003-3732-3826  

7. Al-Zubade, A., T., Phillips, M.A., Williams, 

K. Jacobsen, and D., Van Sanford, 2021. 

Effect of biofertilizer in organic and 

conventional systems on growth, yield and 

baking quality of hard red Winter 

wheat. Sustainability, 13(24):13861. 

https://doi.org/10.3390/su132413861  

8. Amiry, A.A., J.M. Aziz, and B.M., Iqdaim, 

2009. The chemical composition of some 

kinds of local soybean Glycine max and its 

utilization in manufacturing supporting cereal 

baby foods Baghdad Science Journal,  6(1):86-

98.                        

https://doi.org/10.21123/bsj.2009.6.1.86-98  

9. Ayoola, O.T., 2010. Yield performance of 

crops and soil chemical changes under 

fertilizer treatments in a mixed cropping 

system. African Journal of 

Biotechnology, 9(26): 4018-4021. 

10. Bharathi, V., R., Sudhakar, K. Parimala, 

and V.A., Reddy, 2013. Evaluation of 

bioagents and biofertilizers for the 

managament of seed and seedling diseases of 

Sesamum indicum (Sesame). International 

Journal of Phytopathology, 2(3):179-186. 

https://doi.org/10.33687/phytopath.002.03.036

5  

11. Bhardwaj, D., M.W., Ansari, R.K. Sahoo, 

and N., Tuteja, 2014. Biofertilizers function as 

key player in sustainable agriculture by 

improving soil fertility, plant tolerance and 

crop productivity. Microbial cell 

factories, 13:1-10. 

https://doi.org/10.1186/1475-2859-13-66  

12. Bhat, M.I., S.R.S., Yadav, A. Tahir, and 

S.A., Bangroo, 2010. Combined effects of 

Rhizobium and vesicular arbuscular fungi on 

green gram (Vigna radiata L. Wilczek) under 

temperate conditions. Indian Journal of 

Ecology, 37(2):157-161. 

13. Boyd, M.L. and W.C., Bailey, 2002. Black 

cutworm in Missouri (2002). 

14. Chen, J.H., 2006, October. The combined 

use of chemical and organic fertilizers and/or 

biofertilizer for crop growth and soil fertility 

16, (20):1-11. 

15. Compant, S., B., Duffy, J., Nowak, C. 

Clément, and E.A., Barka, 2005. Use of plant 

growth-promoting bacteria for biocontrol of 

plant diseases: principles, mechanisms of 

action, and future prospects. Applied and 

Environmental Microbiology , 71 (9):4951-

https://doi.org/10.36103/66873c67
https://doi.org/10.36103/ijas.v49i5.22
https://doi.org/10.5513/JCEA01/19.3.2070
https://doi.org/10.36103/ijas.v52i4.1406
https://orcid.org/0000-0003-3732-3826
https://doi.org/10.3390/su132413861
https://doi.org/10.21123/bsj.2009.6.1.86-98
https://doi.org/10.21123/bsj.2009.6.1.86-98
https://doi.org/10.33687/phytopath.002.03.0365
https://doi.org/10.33687/phytopath.002.03.0365
https://doi.org/10.1186/1475-2859-13-66


Iraqi Journal of Agricultural Sciences –2024:55(6):2128-2138                                               Fadel & et al. 

2136 

4959. https://doi.org/10.1128/AEM.71.9.4951-

4959.2005  

16. Dini A, Y.,  Hafeez Fauzia, Sumera 

Yasmin, Y. Non Renseigné, Zafar, and A. 

Kauser Malik. 2006. Plant growth-promoting 

bacteria as biofertilizer. Agronomy for 

sustainable development, 26(2), 143-150. 

17. Daei, G., M. R., Ardekani, F., Rejali, S. 

Teimuri, and M., Miransari, 2009. Alleviation 

of salinity stress on wheat yield, yield 

components, and nutrient uptake using 

arbuscular mycorrhizal fungi under field 

conditions.  Journal of plant 

physiology,  166(6): 617-625.              

https://doi.org/10.1016/j.jplph.2008.09.013  

18. Darzi, M.T., A., Ghalavand, F. Rejali, and 

F., Sefydkan, 2006. Study of application of 

biological fertilizers on the yield and yield 

components of fennel herbs. J. Med. Arom. 

Plants Res, 22(4): 276-292. 

19. Ekin, Z., F., Oguz, M. Erman, and E., 

Oeguen, 2009. The effect of Bacillus sp. OSU-

142 inoculation at various levels of nitrogen 

fertilization on growth, tuber distribution and 

yield of potato (Solanum tuberosum 

L.). African Journal of Biotechnology, 8(18). 

20. El Sheek, M.M., M.A. Zayed, and F.K., 

Elmossel, 2018. Effect of cyanobacteria 

isolates on rice seeds germination in saline 

soil. Baghdad Science Journal, 15(1): 0016-

0016. 

https://doi.org/10.21123/bsj.2018.15.1.0016  

21. Fattah, A., S., Syam, I.D., Daud, V.S.  

Dewi, and A., Rahman, 2018. The intensity of 

leaf damage caused by attack of Spodoptera 

litura F and seed yield on some soybean 

varieties in South Sulawesi 

Indonesia. Scientific Research Journal 

(SCIRJ), 6(5):55-60. 

22. Hall, D.O., S.A., Markov, Y. Watanabe, 

and K., Krishna Rao, 1995. The potential 

applications of cyanobacterial photosynthesis 

for clean technologies. Photosynthesis 

research, 46:159-167. 

https://doi.org/10.1007/BF00020426  

23. Hart, M. M. and J. A., Forsythe, 2012. 

Using arbuscular mycorrhizal fungi to improve 

the nutrient quality of crops; nutritional 

benefits in addition to phosphorus. Scientia 

Horticulturae, 148:206-214. 

https://doi.org/10.1016/j.scienta.2012.09.018  

24. Hasan, K.U., 2019. Effect of the 

biofertilizer (Azotobacter chroococcum & 

Trichoderma harzianum) and levels of 

phosphate rock on growth and yield of wheat 

(Triticum aestivum L.). Plant Archives 19 ( 

2):4264-4268. 

25. Hindersah, R., A. Karuniawan, and A. 

Apriliana. 2021. Reducing chemical fertilizer 

in sweet potato cultivation by using mixed 

biofertilizer. Iraqi Journal of Agricultural 

Sciences, 52(4):1031-1038.                

https://doi.org/10.36103/ijas.v52i4.1414  

26. Ibiene, Abiye Anthony, Josephine Udunma 

Agogbua, I. O. Okonko, and G. N. Nwachi. 

2012. Plant growth promoting rhizobacteria 

(PGPR) as biofertilizer: Effect on growth of 

Lycopersicum esculentus. J Am Sci, 8(2), 318-

324. 

27. Ibraheem, I., 2007. Cyanobacteria as 

alternative biological conditioners for 

bioremediation of barren soil. Egyptian 

Journal of Phycology, 8(1):99-117.         

https://doi.org/10.21608/EGYJS.2007.114548  

28. Igiehon, N.O. and O.O., Babalola, 2017. 

Biofertilizers and sustainable agriculture: 

exploring arbuscular mycorrhizal fungi.  

Applied microbiology and biotechnology,  

101: 4871-4881.              

https://doi.org/10.1007/s00253-017-8344-z  

29. Ingle, K.P. and D.A., Padole, 2017. 

Phosphate solubilizing microbes: An 

overview. International Journal of Current 

Microbiology and Applied Sciences, 6(1):844-

852. 

http://dx.doi.org/10.20546/ijcmas.2017.601.09

9  

30. Iyer, B., M.S. Rajput, and S., Rajkumar, 

2017. Effect of succinate on phosphate 

solubilization in nitrogen fixing bacteria 

harbouring chick pea and their effect on plant 

growth. Microbiological research, 202:43-50. 

https://doi.org/10.1016/j.micres.2017.05.005  

31. Jat, R.S. and I.P.S., Ahlawat, 2006. Direct 

and residual effect of vermicompost, 

biofertilizers and phosphorus on soil nutrient 

dynamics and productivity of chickpea-fodder 

maize sequence. Journal of Sustainable 

Agriculture, 28(1): 41-54.              

https://doi.org/10.1300/J064v28n01_05  

32. Javed, S. and A., Panwar, 2013. Effect of 

biofertilizer, vermicompost and chemical 

fertilizer on different biochemical parameters 

https://doi.org/10.1128/AEM.71.9.4951-4959.2005
https://doi.org/10.1128/AEM.71.9.4951-4959.2005
https://doi.org/10.1016/j.jplph.2008.09.013
https://doi.org/10.1016/j.jplph.2008.09.013
https://doi.org/10.21123/bsj.2018.15.1.0016
https://doi.org/10.1007/BF00020426
https://doi.org/10.1016/j.scienta.2012.09.018
https://doi.org/10.36103/ijas.v52i4.1414
https://doi.org/10.36103/ijas.v52i4.1414
https://doi.org/10.21608/EGYJS.2007.114548
https://doi.org/10.21608/EGYJS.2007.114548
https://doi.org/10.1007/s00253-017-8344-z
https://doi.org/10.1007/s00253-017-8344-z
http://dx.doi.org/10.20546/ijcmas.2017.601.099
http://dx.doi.org/10.20546/ijcmas.2017.601.099
https://doi.org/10.1016/j.micres.2017.05.005
https://doi.org/10.1300/J064v28n01_05
https://doi.org/10.1300/J064v28n01_05


Iraqi Journal of Agricultural Sciences –2024:55(6):2128-2138                                               Fadel & et al. 

2137 

of Glycine max and Vigna mungo. Recent 

Research in Science and Technology, 5(1): 40-

44. 

33. Jiménez‐Gómez, A., I., García‐Estévez, P., 

García‐Fraile, M.T. Escribano‐Bailón, and R., 

Rivas, 2020. Increase in phenolic compounds 

of Coriandrum sativum L. after the application 

of a Bacillus halotolerans biofertilizer. Journal 

of the Science of Food and 

Agriculture, 100(6): 2742-2749.         

https://doi.org/10.1002/jsfa.10306  

34. Joshi, E., B. Iyer, and S., Rajkumar, 2019. 

Glucose and arabinose dependent mineral 

phosphate solubilization and its succinate-

mediated catabolite repression in Rhizobium 

sp. RM and RS. Journal of bioscience and 

bioengineering,128(5): .551-557.           

https://doi.org/10.1016/j.jbiosc.2019.04.020  

35. Kazemi, S., S., Ghaleshi, A. Ghanbari, and 

G.E., Kianoush, 2005. Effects of planting date 

and seed inoculation by the bacteria on the 

yield and yield components of two soybean 

varieties. Agric. Sci. Nat. Resour, 12(4): 20-

26. 

36. Kim, Y.H., B. Bae, and Y.K., Choung, 

2005. Optimization of biological phosphorus 

removal from contaminated sediments with 

phosphate-solubilizing 

microorganisms. Journal of Biosci-ence and 

Bioengineering, 99(1):23-29. 

https://doi.org/10.1263/jbb.99.23  

37. Kozieł, M., B.A.R.B.A.R.A. Gębala, and 

S., Martyniuk, 2013. Response of soybean to 

seed inoculation with Bradyrhizobium 

japonicum and with mixed inoculants of B. 

japonicum and Azotobacter chroococcum.  

Polish Journal of Microbiology, 62(4):457-

460. 

38. Lehr, N.A., S.D., Schrey, R. Hampp, and 

M.T., Tarkka, 2008. Root inoculation with a 

forest soil streptomycete leads to locally and 

systemically increased resistance against 

phytopathogens in Norway spruce. New 

Phytologist, 177(4): 965-976.               

https://doi.org/10.1111/j.1469-

8137.2007.02322.  

39. Lindström, K. and S. A., Mousavi, 2020. 

Effectiveness of nitrogen fixation in 

rhizobia. Microbial biotechnology, 13(5):     

1314-1335.  

https://doi.org/10.1111/1751-7915.13517  

40. Ming Hung, Wong., S. Wu, Z. H. Cao, Z. 

G. Cao, Li, and K. C. Cheung. 2005. Effects of 

biofertilizer containing N-fixer, P and K 

solubilizers and AM fungi on maize growth: a 

greenhouse trial. Geoderma, 125(1-2), 155-

166. 

41. Nazmun, A., M. Rokonuzzaman, and 

M.N., Hasan, 2009. Effect of Bradyrhizobium 

and Azotobacter on growth and yield of 

mungbean varieties. Journal of the Bangladesh 

Agricultural University, 7(1).             

https://doi.org/10.22004/ag.econ.208328  

42. Ntambo, M.S., I.S., Chilinda, A., 

Taruvinga, S., Hafeez, T., Anwar, R., Sharif, 

C. Chambi, and L., Kies, 2017. The effect of 

rhizobium inoculation with nitrogen fertilizer 

on growth and yield of soybeans (Glycine max 

L.). International Journal of Biosciences,  

10(3):163-172. 

https://doi.org/10.12692/ijb/10.3.163-172  

43. Olivera, M., C. Iribarne, and C., Lluch, 

2002, July. Effect of phosphorus on nodulation 

and N fixation by bean (Phaseolus vulgaris). 

In Proceedings of the 15th International 

Meeting on Microbial Phosphate 

Solubilization. Salamanca University: 16-19. 

https://doi.org/10.1093/aob/mcl109  

44. Ormeño-Orrillo, E. and E., Martínez-

Romero, 2019. A genomotaxonomy view of 

the Bradyrhizobium genus. Frontiers in 

Microbiology, 10:450885. 

https://doi.org/10.3389/fmicb.2019.01334  

45. Panhwar, Q.A., S., Jusop, U.A., Naher, R. 

Othman, and M.I., Razi, 2013. Application of 

potential phosphate-solubilizing bacteria and 

organic acids on phosphate solubilization from 

phosphate rock in aerobic rice. The Scientific 

World Journal, 2013.           

https://doi.org/10.1155/2013/272409  

46. Prasad, R.C. and B.N., Prasad, 2001. 

Cyanobacteria as a source biofertilizer for 

sustainable agriculture in Nepal. Botanica 

Orientalis: Journal of Plant Science , 1:127-

133. 

https://doi.org/10.5772/intechopen.109829  

47. Raei, Y., M. Sedghi, and R., Seied Sharifi, 

2008. Effects of rhizobial inoculation, urea 

application and weed on growth and seed 

filling rate in soybean. JWSS-Isfahan 

University of Technology, 12(43):8-91. 

48. Riaz, U., G., Murtaza, W., Anum, T., 

Samreen, M. Sarfraz, and M.Z., Nazir, 2021. 

https://doi.org/10.1002/jsfa.10306
https://doi.org/10.1002/jsfa.10306
https://doi.org/10.1016/j.jbiosc.2019.04.020
https://doi.org/10.1016/j.jbiosc.2019.04.020
https://doi.org/10.1263/jbb.99.23
https://doi.org/10.1111/j.1469-8137.2007.02322
https://doi.org/10.1111/j.1469-8137.2007.02322
https://doi.org/10.1111/j.1469-8137.2007.02322
https://doi.org/10.1111/1751-7915.13517
https://doi.org/10.22004/ag.econ.208328
https://doi.org/10.22004/ag.econ.208328
https://doi.org/10.12692/ijb/10.3.163-172
https://doi.org/10.1093/aob/mcl109
https://doi.org/10.3389/fmicb.2019.01334
https://doi.org/10.1155/2013/272409
https://doi.org/10.1155/2013/272409
https://doi.org/10.5772/intechopen.109829


Iraqi Journal of Agricultural Sciences –2024:55(6):2128-2138                                               Fadel & et al. 

2138 

Plant growth-promoting rhizobacteria (PGPR) 

as biofertilizers and biopesticides. Microbiota 

and biofertilizers: a sustainable continuum for 

plant and soil health: 181-196.               

https://doi.org/10.3390/microorganisms110410

88  

49. Ribeiro, A.V., T.M., Cira, I.V. MacRae, 

and R.L., Koch, 2022. Effects of feeding 

injury from Popillia japonica (Coleoptera: 

Scarabaeidae) on soybean spectral reflectance 

and yield. Frontiers in Insect Science, 2: 

1006092. 

https://doi.org/10.3389/finsc.2022.1006092  

50. Rosas, S.B., M., Rovera, J.A. Andres, and 

N.S., Correa, 2007. Effect of phosphorous 

solubilizing bacteria on the rhizobia-legume 

simbiosis. In First international meeting on 

microbial phosphate Solubilization: 125-128. 

https://doi.org/10.1007/978-1-4020-5765-6_17  

51. Sadhana, B., 2014. Arbuscular 

Mycorrhizal Fungi (AMF) as a biofertilizer-a 

review. Int. J. Curr. Microbiol. App. Sci, 3(4), 

pp.384-400.  

https://doi.org/10.1007/978-981-19-0733-3_6     

52. Shaharoona, B., G.M., Jamro, Z.A.,  Zahir, 

M. Arshad, and K.S., Memon, 2007. 

Effectiveness of various Pseudomonas spp. 

and Burkholderia caryophylli containing ACC-

Deaminase for improving growth and yield of 

wheat (Triticum aestivum I.). Journal of 

Microbiology and Biotechnology, 17(8):1300.   

53. Sharma, S.B., R.Z., Sayyed, M.H. Trivedi, 

and T.A., Gobi, 2013. Phosphate solubilizing 

microbes: sustainable approach for managing 

phosphorus deficiency in agricultural 

soils. Springer Plus, 2:1-14.         

https://doi.org/10.3390/agriculture13020462   

54. Singh, J.S., A., Kumar, A.N. Rai, and D.P., 

Singh, 2016. Cyanobacteria: a precious bio-

resource in agriculture, ecosystem, and 

environmental sustainability. Frontiers in 

Microbiology , 7:186282.               

https://doi.org/10.3389/fmicb.2016.00529  

55. Song, T., L., Mårtensson, T., Eriksson, W. 

Zheng, and U., Rasmussen, 2005. Biodiversity 

and seasonal variation of the cyanobacterial 

assemblage in a rice paddy field in Fujian, 

China.  FEMS Microbiology Ecology,  54 

(1):131-140.  

 

 

 

https://doi.org/10.1016/j.femsec.2005.03.008   

56. Stefan, M., S., Dunca, Z., Olteanu, L., 

Oprica, E., Ungureanu, L., Hritcu, M. 

Mihasan, and D., Cojocaru, 2010. Soybean 

(Glycine max [L] Merr.) inoculation with 

Bacillus pumilus Rs3 promotes plant growth 

and increases seed protein yield: relevance for 

environmentally-friendly agricultural 

applications. Carpathian Journal of Earth and 

Environmental Sciences, 5(1): 131-138.  

57. Ulzen, J., R.C., Abaidoo, N.E., Mensah, C. 

Masso, and A.H., AbdelGadir, 2016. 

Bradyrhizobium inoculants enhance grain 

yields of soybean and cowpea in Northern 

Ghana. Frontiers in plant science, 7:1770. 

https://doi.org/10.3389/fpls.2016.01770  

58. Yadeghari, M., G.E. Akbari, and J.F., 

Daneshyan, 2003. Effects of inoculation of 

four strains of bacteria (Bradyrhizobium 

japonicum) on yield and yield components of 

soybean in Karaj climate. Iran J. Field Crop. 

Res, 1(1): 93-107.   

59. Yao, A.V., H., Bochow, S., Karimov, U., 

Boturov, S. Sanginboy, and A.K., Sharipov, 

2006. Effect of FZB 24® Bacillus subtilis as a 

biofertilizer on cotton yields in field 

tests. Archives of Phytopathology and Plant 

Protection, 39(4):.323-328.          

https://doi.org/10.1080/03235400600655347   

60. Yinbo, G., M.B. Peoples, and B., 

Rerkasem, 1997. The effect of N fertilizer 

strategy on N2 fixation, growth and yield of 

vegetable soybean. Field crops research, 51(3): 

221-229. 

https://doi.org/10.1023/A:1015528132642   

61. Zarei, I., Y., Sohrabi, G.R., Heidari, A. 

Jalilian, and K., Mohammadi, 2012. Effects of 

biofertilizers on grain yield and protein content 

of two soybean (Glycine max L.) 

cultivars. African Journal of Biotechnology,  

11(27): 7028-7037.  

62. Zhang, H., T. C., Charles, B. T., Driscoll, 

B. Prithiviraj, and D.L., Smith, 2002. Low 

temperature–tolerant Bradyrhizobium 

japonicum strains allowing improved soybean 

yield in short‐season areas. Agronomy 

Journal, 94(4): 870-875.              

https://doi.org/10.2134/agronj2002.0870  

https://doi.org/10.3390/microorganisms11041088
https://doi.org/10.3390/microorganisms11041088
https://doi.org/10.3390/microorganisms11041088
https://doi.org/10.3389/finsc.2022.1006092
https://doi.org/10.1007/978-1-4020-5765-6_17
https://doi.org/10.1007/978-981-19-0733-3_6
https://doi.org/10.3390/agriculture13020462
https://doi.org/10.3390/agriculture13020462
https://doi.org/10.3389/fmicb.2016.00529
https://doi.org/10.1016/j.femsec.2005.03.008
https://doi.org/10.3389/fpls.2016.01770
https://doi.org/10.1080/03235400600655347
https://doi.org/10.1080/03235400600655347
https://doi.org/10.1023/A:1015528132642
https://doi.org/10.2134/agronj2002.0870
https://doi.org/10.2134/agronj2002.0870

