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ABSTRACT: The study was conducted in the College of Agricultural Engineer-

ing Sciences - University of Baghdad on soil with a mixture of loam during the 

winter season of the year (2020-2021). The study included a field experiment to 

evaluate the effect of the prepared nitrogenous bacterial biofertilizer and yeast 

extract at a concentration of 5 g.L-1 and mineral fertilization on the nitrogen 

budget in the soil and in the growth parameters of wheat plants and the interac-

tion under the 50% level of the fertilizer recommendation with the use of a rec-

ommendation treatment Complete fertilizer 100% For comparison, the amount of 

water added to each experimental unit was measured after draining 50% of the 

prepared water using a water meter. A (factorial) experiment was carried out by 

arranging the split plates (The Split-Plot Design) according to the (RCBD) de-

sign. The results of the experiment showed the moral superiority of the intercrop-

ping coefficients in Dry weight, the yield of grain weight, and nitrogen concen-

tration in the soil and plants for biological fertilization treatment, where bacterial 

fertilization and yeast recorded the highest values compared with the mineral fer-

tilization 50 and 100% If it gives an average of (6.667 and 11.533) (Mg.ha-1) for 

dry weight and grain yield, respectively, and 39,730 mg.Kg-1 nitrogen concentra-

tion in the soil and 1.367 % nitrogen concentration in the plant compared to the 

dry weight (4.567 and 4.633) (Mg.ha-1), grain yield (10,066 and 8,300) (Mg.ha-1), 

and the nitrogen concentration in the soil (24,400 and 22,200) mg.Kg-1 and nitro-

gen concentration in the plant (1.237 and 1.043), respectively, for 50 and 100%. 

The mineral fertilization treatments of 100% also recorded the highest value of 

ammonia volatilization, amounting to 19,700, followed by 50% treatment at 

17.746, and the lowest amount of volatile ammonia was recorded by the bacterial 

fertilization treatment at 12.976, then the treatment of 12.976 Bacteria with yeast 

extract 16.980 and yeast treatment 17.960 (kg N ha-1)for the intercropping treat-

ments.  

 

Keywords: Bio fertilization, Yeast extract, Mineral fertilization, Budget nitrogen 

intercropping 

It is partially extracted from the Ph.D. thesis of the first researcher. 

 

Introduction 

Wheat, a staple cereal crop contributing about 20% of calories to the diet and at 
least 30% of iron and zinc worldwide, contains the highest micronutrients among 
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the three significant grains: wheat, rice, and maize. 1 Wheat contains 25% protein 
and calories. The produced spell is used to make bread, as its kernels contain all 
the essential nutrients from carbohydrates 60–80%, proteins 8–15% amounts of 
essential amino acids, 1.5–2.0% fats, and 12% water, 2,3 indicated that the use of 
PGPR for farmers could reduce the use of artificial fertilizers and increase the 
sustainability of wheat crop production. The selected strains were tested in three 
experiments (using a growth chamber, pot and field experiment). Saccharomyces 
cerevisiae is of economic importance because of its enormous enzymatic 
capabilities of Zymas, which breaks down sugar molecules and converts them to 
pyruvic acid, to acetaldehyde, then turns to CO2 and ethyl alcohol, and CO2 is 
fixed in the Calvin cycle. It also contains vitamins, including B1, B2, B3, B5, B6, 
B7, B9, and B12

4,  5,  6, 7,8, indicating that there was a significant difference in the 
growth characteristics of wheat plants fed on yeast extract, including (plant 
height, number of branches, leaf area, dry weight of leaves, dry weight of 
branches and dry weight of the spike). 9  indicated that there is a significant 
difference in the characteristics of wheat yield and its components as a result of 
adding yeast extract at a concentration of 200 kg feddan-1 (476.19 kg.ha-1), which 
are (number of spikes, dry weight of the spike, grain yield, straw yield, and 
biological yield) with averages of 571.08 spike m-2 and 698.59 g.m-2 and 4.52 
Mg.ha-1,13.76 Mg.ha-1and 18.28 Mg.ha-1 for the traits, respectively, and no 
significant difference was observed for the two traits, the weight of one thousand 
grains and the harvest index. 10 indicated the investigation of the effects of 
intercropping agriculture and foliar spraying with yeast on pea plants' growth and 
yield traits. The results showed that the highest values were noticed for the 
treatment JY5 for leaves number 26.87 leaf.plant-1, pod number 24.03 pod.plant-1 
and plant yield 177.00 g.plant-1 and the treatment AY5 referred to decrease days 
number until 50% of flowering to 110.10, pod weight 7.57 g.pod-1, seed number 
per pod 7.13 seed.pod-1 and percentage of protein 24.80%. In contrast, treatments 
of intercropping The results showed that The spraying of yeast extract at 5 mg.L-1 
led to positive and significant effects and increased the competition in peas in the 
intercropping system. The results of a field experiment conducted by 11 The 
between bio fertilization and organic extracts indicated a significant effect, where 
the interaction between amino acids and bio health significantly excelled on the 
traits plant height 57.60 cm², leaf area 1682 cm², percentage of potassium 
2.515%, nitrogen in the curds 5.93%, percentage of nitrogen in the leaves 5.39% 
), and the percentage of protein (7.41%). A field experiment conducted by 12 
during the 2016-2017 and 2017-2018 seasons, the experiment included two 
factors, the first being the cultivation of three wheat cultivars (Bohouth 22, Abaa 
99, Abu Ghraib 3) and the second factor foliar spraying of yeast powder at a 
concentration (1000,2000). Mg L-1 and the ground addition of yeast powder at a 
concentration of (4000,8000) mg.L-1 and the control treatment. The spraying 
treatments were added to both experiments in two phases, the first when the stem 
had three leaves and the second when the plant entered the flowering stage. The 
cultivars Bohouth 22 significantly outperformed the studied growth 
characteristics. Root total recipes were represented by the length of the root total, 
dry weight, grain yield with an average of 5.49 and 5.26 Mg.ha-1, and the number 
of spikes with an average of (457.47 and 473.87. m-2, and the weight of one 
thousand grains with an average of (31.18 and 32.92) g for both seasons. 
Intercropping is a land management practice in an agricultural environment 
where at least two types of crops are grown in the same field at the same time 13. 
Intercropping is one of the systems of agricultural intensification that can 
improve productivity and reduce water use and greenhouse gas emissions. 14 As 
shade increases through intercropped cultivation, a field can reduce soil moisture 
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evaporation and improve water and nutrient use efficiency by dividing resources 
among different crops. In a field experiment, 15 mentioned that the interaction of 
wheat and beans significantly increased the productivity of grains by 11.4% and 
34.2% compared with the monocropped crops. The biomass of the interaction 
with wheat increased strongly and more positively than the beans, as the biomass 
was 1.15 and 1. 21. This means that the intercropping of wheat/beans led to an 
overall improvement in the performance of both crops. 

 

Research aims: 

1. Producing biofertilization (Azospirillum lipoferum and Bacillus megaterium) 
isolated from some soils. 

2. Studying the effect of bio fertilization and yeast extract and their interaction in 
the intercropping of wheat and beans and their interaction. 

3. Studying the effect of bio fertilization, yeast extract, and mineral fertilizer on 
nitrogen budget. 

 

Materials and Methods 

Experiment location      

A field experiment was conducted at the College of Agricultural Engineering 
Sciences - the University of Baghdad in the field of the Department of Soil and 
Resources, in which the main factor was the wheat plant, the intercropping of 
wheat with the bean, and the second factor a bacteria (Azospirillum lipoferum) 
with two levels and the other secondary factor was yeast with two levels and 
three replicates for all factors and according to the following order: 

Without bio-fertilizer with 50% mineral fertilizer from the fertilizer 
recommendation and symbolized by (T1), 100% mineral fertilization, symbolized 
by (T2), Azospirillum lipoferum with 50% mineral fertilizer and symbolized by 
(T3), The secondary factor is yeast extract. It consists of two levels: yeast extract 
added in liquid form (spray) 5 g.L-1 with 50% mineral fertilizer symbolized by it 
(T4),  Azospirillum lipoferum with yeast with 50% mineral fertilizer and 
symbolized by (T5). The place of the experiment was prepared. The land was 
plowed perpendicularly, and the process of leveling and smoothing was 
conducted for it. The field was divided into experimental units. The area of each 
experimental unit was 2 x 2 m, and an area of 4 m2 was included. Each 
experimental unit had 4 lines for wheat, leaving a distance between one line and 
another 0.4 m and 0.5 m between the experimental units and 1 m between the 
replications. Wheat slabs were planted in a line. As for the intercropping panels, 
they were planted with 5 lines (beans, wheat, and beans) and left 0.1 m between 
one line and another. The transactions were distributed. The seeds were randomly 
planted on 11/15/2020. Soil moisture was maintained for the experimental units 
when 50% of the prepared water was drained after estimating the moisture based 
on the weighted Method to maintain an optimum moisture percentage for the 
activity of the microorganisms used in the experiment. He got rid of the bush 
growing in the field, competing for the plant. The wheat used was from the 
Bohouth 22 variety, and the beans were from the local variety. The biological 
pollen was cultivated and added in the early morning.  

 

Fertilization   

Half of the fertilizer recommendation for wheat was approved, which is 100 kg N 
ha-1urea fertilizer (N 46%), 50 kgPha-1triple superphosphate fertilizer (21% P), 
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and 30 kg K ha-1potassium sulfate fertilizer (43% K). The bean plant has adopted 
half of the fertilizer recommendation, which is 50kgNha-1urea fertilizer (N46%), 
50 kg P ha-1triple superphosphate fertilizer (21% P), and 20 kg K ha-1potassium 
sulfate fertilizer (43% K). The form of batches, nitrogen fertilizer and potassium 
fertilizer was added in two batches when planting and after 45 days, while 
phosphate fertilizer was added in one batch when planting, and the full fertilizer 
recommendation of 100% (as a comparison treatment) was used for wheat, beans 
and intercropping 16. 

Isolation of Azospirillum lipoferum bacteria from Rhizosphere soil 

A.lipoferum was isolated from soil samples using soil culture media (Nfb) 
according to the method 17 

 

Yeast preparation 

Saccharomyces cerevisiae yeast solution was sprayed. After its preparation and at 
the specified concentration, 5 g per liter of sterile distilled water and sugar to it in 
a ratio of 1:1 and leaving in a warm place for a whole night and spraying during 
the morning period, each according to its treatment and in three batches when the 
plant has entire leaves after a month of germination, and it was between one 
spray and another 15 ten days 18. 

 

The dry weight of wheat gm plant-1    

According to the dry weight of the wheat, plant based on an area of 0.3 m2 for 
each experimental unit a week before the flowering stage, the samples were 
placed in perforated bags prepared for this purpose and entered into an electric 
oven at (65) °C (48) hours, then their weights were recorded after being measured 
with a sensitive scale and transferred to (Mg ha-1) 

 

Dry weight Beans (gm) 

Five plants were randomly harvested from the middle of the overlap panels, air-
dried, and then dried in an electric oven at 65 °C to constant weight, as 
mentioned in 19, according to the average weight of the five plants. 

 

The total yield of green pods gm plant-1   

The average yield of five plants was calculated starting from 20-2-2021 until 1-4-
2021, and in aggregate form, and from it, the bean yield in hectares was 
calculated. As for the yield of wheat grains after harvesting the middle line, with 
an area of 0.8 m2 (1 line x 0.4 m x 2 m length), studied and weighed Grains then 
converted into yield (Mg.ha-1) 

 

Plant analysis 

After the samples were dried at 65°C for 48 hours, they were then weighed, then 
the samples were ground and mixed well to homogenize and take (0.2) gm. 20 

 

Amount N absorber 

The amount of nitrogen absorbed in the plant was estimated according to the 
following equation 

Nutrient absorption = dry weight * elemental concentration % 
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Volatile ammonia ↑ NH3: 

Ammonia volatilization in the field was measured using a method modified from 
the laboratory 21. Nitrogen test indicators (Boric acid, Methyl red, and 
Bromocresol green) were put in a baker to capture ammonia and for analysis. 
These bakers were driven (placed) in different places in the field and covered by 
suitable cover. After proper time, ammonia was collected and taken to the 
laboratory for determination. Ammonia volatilized was calculated according to 
the following formula 

NH3 –N volatilize =Volume of consumed acid x N x14x100/ amount of nitrogen 

Applied x1000 
 

N Properties Amount Unit 

1 pH                7.21  

2 EC(1:1)                2.55 dS.m-1 

3 Available    (NH4++NO3-)               21.10 mg.kg-1 soil 

4 Available    P               11.50 

5 Available    K               140.43 

6 Ca+2                9.33 mmol.L-1 

7 Mg+2                6.88 

8 Na+              5.22 

9 K+              0.35 

10 HCO3-              3.28 

11 SO42-              8.42 

12 Cl -              13.10 

13 CO3- 2               Nil 

14 CEC               18.22 Cmol+kg-1 soil 

15 SOM                5.33 gm.kg-1soil 

16 Texture                Loam  

19 Total bacteria  10⁶            ×18  Cfu.g-1 dry soil 

20 Total Fungi ×104              3.5 

Table 1: Soil chemical, physical and biological properties of the soil before planting. 

Results  

The dry weight of wheat (Mg ha-1)   

The results are shown in Table 2, which shows the effect of biological 
fertilization, yeast, and mineral fertilization on the dry weight of single wheat 
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plants and wheat intertwined with the bean plant. With an average of 4.917 
Mg.ha-1, the T4 treatment had an average of 4.579 Mg.ha-1 compared to the T1 
and T2 treatments, which recorded an average of 3.950 and 4.213 Mg.ha-1, 
respectively. The results showed that there were highly significant differences 
between the averages of the intercropped wheat plant with the bean plant and the 
sieved wheat plant, as the intercropped treatment recorded a rate of 5.453 Mg.ha-

1compared with the rate of single planting of 3.713 Mg.ha-1. The results of the 
bilateral interaction between the bio fertilization and the interaction between the 
type of cultivation showed significant differences, as the bio fertilization 
treatments achieved a significant increase in the dry weight of wheat when 
intercropping with wheat monoculture. In contrast, the T5 treatment gave an 
average of 6.667 mg. compared to the treatment of T1 and T2, which recorded an 
average of 4.567 And 4.633, respectively, in intercropping, compared to T1 and 
T2 treatment, which recorded rates of 3.333 and 3.793 Mg.ha-1, respectively, in 
monoculture of wheat.  

 

Treatment Wheat Intercropping Mean 

T1 3.333 4.567 3.950 

T2 3.793 4.633 4.213 

T3 3.833 6.000 4.917 

T4 3.757 5.400 4.579 

T5 3.850 6.667 5.259 

Lsd5% 0.703* 0.497** 

Average Transactions 3.713 5.453  

Lsd5% 0.575**  

Table 2: Effects of different combinations of fertilizers and yeast extract on Dry weight of wheat (Mg.ha-1). 

 

Wheat yield of wheat (Mg ha-1) 

The results were shown in Table 3, which shows the effect of biological 
fertilization, yeast  and mineral fertilization on wheat yield (grain yield) of 
monoculture wheat and wheat intercropping with the bean plant was followed by 
T5 treatment with an average of 9.587 Mg.ha-1, then T3 treatment with an 
average of 9.117 Mg.ha-1compared to T1 and T2 treatment, which recorded an 
average of 8.725 and 7.154 Mg.ha-1, respectively The results showed that there 
were highly significant differences between the averages of the intercropped 
wheat plant with the bean plant and the planting of the monoculture wheat plant, 
as the intercropped treatment recorded a rate of 10,198 Mg.ha-1compared with the 
rate of monoculture planting 7.576 Mg.ha-1The results of the bilateral interaction 
between the biological fertilization and the interaction between the type of 
cultivation showed significant differences, as the biological fertilization 
treatments achieved a significant increase in wheat yield when intercropping with 
monoculture cultivation, as the T5 treatment gave a rate of 11,533 Mg.ha-

1compared to the treatment of T1 and T2, which recorded a rate of 10.066 and 
8,300, respectively, in intercropping and compared to T1 and T2 treatment, 
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which recorded an average of 7.383 and 6.008 Mg.ha-1, respectively, in  
monoculture  wheat cultivation.  

 

Table 3: Effects of different combinations of fertilizers and yeast extract on yield of wheat (cereals) (Mg.ha-1). 

Treatment Wheat intercropping Mean 

T1 7.383 10.066 8.725 

T2 6.008 8.300 7.154 

T3 7.875 10.358 9.117 

T4 8.975 10.737 9.856 

T5 7.641 11.533 9.587 

Lsd5% 0.402** 0.284** 

Average Transactions 7.576 10.198  

Lsd5% 0.481**  

Table 3: Effects of different combinations of fertilizers and yeast extract on yield of wheat (cereals) (Mg.ha-1). 
 

The concentration of supply nitrogen in the soil is mg.Kg-1 in the harvest phase of 
wheat 

The results are shown in Table 4, which shows the effect of biological 
fertilization, yeast, and mineral fertilization on the concentration of supply 
nitrogen in the soil a week before harvesting the monoculture wheat plant and the 
wheat intertwined with the bean plant. Amount of 33.835 mg. kg-1 followed by 
T3 treatment with an average of 27.635 mg. kg-1 then T4 treatment with an 
average of 23.375 mg.kg-1 compared to T1 and T2, which recorded an average of 
21.835 and 19.675 mg.kg-1 sequentially The results showed that there were 
highly significant differences between the averages of the intercropped wheat 
plant with the bean plant and the monoculture wheat plant cultivation, as the 
intercropping treatment recorded an average nitrogen concentration of 29.026 
mg.kg-1 compared to the average nitrogen concentration in the soil at 
monoculture planting of 21.506 mg.kg-1 The results of the binary interaction 
between the bio fertilization and the interaction between the type of cultivation 
showed highly significant differences, as the bio fertilization treatments achieved 
a highly significant increase in nitrogen concentration at the harvest stage in the 
intercropping cultivation compared with the cultivation of monoculture wheat, as 
the T5 treatment gave an average of 39.730 mg.kg-1 compared to T1 and T2, 
which recorded averages of 24,400 and 22,200 mg.kg-1 sequentially in 
intercropping and compared to T1 and T2 treatment, which recorded averages of 
19.270 and 17.130 mg. kg-1 successively in single cultivation of wheat.  

 

 

Treatment Wheat Intercropping Mean 

T1 19.270 24.400 21.835 

T2 17.130 22.200 19.675 
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T3 22.070 33.200 27.635 

T4 21.130 25.600 23.375 

T5 27.930 39.730 33.835 

Lsd5% 3.407** 2.409** 

Average Transactions 21.506 29.026  

Lsd5% 0.182**  

Table 4: Effects of different combinations of fertilizers and yeast extract. The concentration of available nitrogen in the 
soil is mg.Kg-1 in the harvest phase of the wheat plant. 

Total Nitrogen Concentration (%) Harvest Stage Wheat 

The results are shown in Table 5, which shows the effect of bio fertilization, 
yeast, and mineral fertilization on the total nitrogen concentration in the plant 
during the harvesting phase of the monoculture wheat plant and wheat 
intertwined with the bean plant. kg-1 followed by T3 treatment with an average of 
1.330 mg.kg-1 then T4 treatment with an average of 1.203 mg.kg-1 compared to 
T1 and T2, which recorded an average of 1.142 and 1.035 mg. kg -1 sequentially 

The results showed that there were significant differences between the averages 
of the intercropped wheat plant with the bean cultivar and that of the monoculture 
wheat plant, as the intercropping treatment recorded the average total nitrogen 
concentration in the plant amounted to 1.289 mg.kg-1 compared to the average 
total nitrogen concentration in the plant at a single planting of 0.955 mg.kg-1 The 
results of the bilateral interaction between the bio fertilization and the interaction 
between the type of cultivation showed highly significant differences, as the bio 
fertilization treatments achieved a highly significant increase in the total nitrogen 
concentration at the harvest stage in the intercropping cultivation compared with 
the cultivation of monoculture wheat, as the T4 treatment gave an average of 
1.433 mg.kg-1 compared to treatment T1 and T2, which recorded averages of 
1.237 and 1.043 mg.kg-1 sequentially in intercropping and compared to T1 and 
T2 treatment, which recorded averages of 1.047 and 1.027 mg.kg-1 successively 
in single cultivation of wheat.  

Treatment Wheat Intercropping Mean 

T1 1.047 1.237 1.142 

T2 1.027 1.043 1.035 

T3 1.293 1.367 1.330 

T4 0.973 1.433 1.203 

T5 1.313 1.367 1.340 

Lsd5% 0.147** 0.104** 

Average Transactions 0.955 1.289  

Lsd5% 0.109*  

Table 5: The total nitrogen concentration in the plant (%) Harvest stage of the wheat plant. 
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Amount of nitrogen lost by volatility N-NH3 (kg NH-1) from wheat plant soil 

The results of Table 6 showed that the addition of bio-fertilizer led to highly 
significant differences in the averages of bio-fertilization treatments in the 
amount of ammonia lost by volatility, as the T3 treatment, which gave the lowest 
amount of ammonia lost by volatility, was superior to 14.206 kgNha-1, followed 
by the T5 treatment, which gave the amount of lost ammonia amounted to 16,310 
kgNha-1, followed by the T4 treatment, which gave the amount of lost ammonia 
amounted to 17,532 kgNha-1. All the bio-fertilization treatments were superior in 
reducing the average volatile ammonia levels. It was superior to the control 
treatment of the mineral fertilization at 50%, which amounted to 19,125 kg N ha-

1, and the mineral fertilization at 100%, which gave the average volatilization 
amount, was 20,850 kgNha-1. The results also showed that there were significant 
differences between the average cultivation of single wheat or wheat intertwined 
with the bean, as the interaction treatment excelled with the lowest average 
volatile ammonia amount, which amounted to 17,067 kgNha-1, compared with 
the cultivation of monoculture wheat, which achieved 18.140 kgNha-1showed 
The results of the two-way interaction between biological fertilization and the 
interaction between the type of cultivation were highly significant, as the 
fertilization treatments achieved Vital and significant increase in reducing the 
amount of volatile ammonia in wheat intertwined with beans compared with 
single wheat cultivation, as the T3 treatment gave the lowest amount of volatile 
ammonia in the intercropped wheat cultivation amounted to 12,976 kg N ha-

1compared to treatment T1 and T2, which recorded a rate of 17.746 and 19,700 
kg N ha-1, respectively in The intercropping was compared to the T1 and T2 
treatment, which recorded an average of 20,505 and 22,000 kgNha-1, 
respectively, in the monoculture of wheat. 

    The decrease in the amount of ammonia lost by volatilization is attributed to 
the biofertilization treatment, as attributed to the role of biofertilizer, as 
inoculation with Azospirillum bacteria leads to an increase in the surface area of 
the root system of the host plant so that it can prospect for soil and water 
minerals. 

 

Treatment Wheat Intercropping Mean 

T1 20.505 17.746 19.125 

T2 22.000 19.700 20.850 

T3 15.436 12.976 14.206 

T4 17.118 17.946 17.532 

T5 15.641 16.980 16.310 

Lsd5% 1.327** 0.938** 

Average Transactions 18.140 17.069  

Lsd5% 0.398*  

Table 6: Amount of nitrogen lost by volatilization N-NH3 (kg N ha-1) from wheat plant soil. 
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Nitrogen budget for wheat plants and intercropping 

It is noted from Table 7 of the nitrogen budget for wheat plants and the 
interference that the inputs were more than the outputs for all the treatments of 
wheat plants, as well as the treatments of wheat intercropping with the beans. It 
has a role in reducing the absorption of nutrients, and mineral fertilization has 
increased inputs, which had a practical effect in reducing output, which may be 
due to an increase in the washing process, the results of which were not 
mentioned in the table.  

 

Treatment 

Wheat 

Inputs Outputs Budget 

Soil N 

(original) 

N 

applied 

N 

biofacts 

Sum N 

uptake 

N 

Volatilize 

Sum 

T1 84.4 100 ------- 184.4 34.896 20.505 55.401 - 

T2 84.4 200 ------- 284.4 38.954 22.000 60.954 - 

T3 84.4 100 11.20 195.6 49.560 15.436 64.996 - 

T4 84.4 100 7.44 191.84 36.555 17.118 53.673 - 

T5 84.4 100 34.64 219.09 50.550 15.641 66.191 - 

Treatment 

Intercropping 

        

T1 84.4 100 ------- 184.4 56.493 17.746 74.239 - 

T2 84.4 200 ------- 284.4 48.322 19.700 68.022 - 

T3 84.4 100 35.20 219.6 82.020 12.976 94.996 - 

T4 84.4 100 4.80 189.2 77.382 17.946 95.328 - 

T5 84.4 100 61.32 245.72 91.137 16951 108.117 - 

Table 7: Budget of nitrogen (kg N ha-1) from wheat plant and intercropping. 

Discussion 

The increase in dry weight in the wheat plant intercropped with the beans is due 
to the role of the bacteria A.lipoferum, as it produces gibberellic acid and 
gibberellins. This is due to the close relationship between the bacteria and the 
plant that increases plant growth, and this shows the plant's response to growth as 
mentioned 22, 23 as A. lipoferum forms a symbiotic association with plants to 
improve crops 24 This growth-promoting activity is also due to the production of 
indole acid (IAA) and pyruvic acid by yeasts. A significant increase in plant 
growth was observed in measuring root and shoot length and dry weight 25. 

However, the increase in grain yield is attributed to the role of bacteria in 
increasing the yield through the secretion by bacteria of A.lipoferum Indol-3-
ethanol, Indol-3-methanol, cytokinins, and auxins and produces Indol-3-acetic 
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acid and hormones that encourage root multiplication and growth, which absorb 
water and nutrients 26, 27,28 Soil with intercropping crops has a strong ability to 
retain non-metallic nitrogen by fixing N in the soil 29, 30 In addition, promoting 
plant growth may be due to the ability of yeast to produce amino acids that play 
an influential role in improving the quality of plants yield, as spraying them at 
different stages contributes positively to stimulate Physiological and biochemical 
processes These acids also participate in the construction of proteins and 
carbohydrates, as they are responsible for cell division and the production of 
some natural growth hormones such as IAA and GA3 and thus increase the yield 
and improve the quality 31,32. 

The increase in nitrogen concentration in intercropping wheat soil is because 
nitrogen mineralization rates were higher among leguminous crops and cereals 
compared to each of them in monoculture 30. Diverse root exudates and root 
deposition in the inter-species interaction system 33 suggest that cross-cultivation 
and nitrogen mineralization were activated because of stimulating microbial 
activity promoting mineralization of organic soils, especially in intercropping 
soils containing more organic carbon than mono-crop soils. 33,34. The reasons for 
the increase in nitrogen concentration in the wheat plant intertwined with the 
bean are attributed to the influence of p kg N ha-1ant species on carbon sources in 
the root zone, which would affect the amount and activity of microbial biomass 
in these environments 35 and the influential role of yeast as a fertilizer Vital Plant 
performance can be increased as a result of their production of compounds and 
plant growth regulators that include indole-3-acetic acid, indole-3-pyruvic acid, 
gibberellins and polyamines by yeasts 36. Formation of branches and roots and 
chloroplast maturation leading to stimulation of vegetative growth 
37 Spraying with different organic extracts showed a significant increase in yield, 
protein content, photosynthetic pigments, and nutrient uptake of N, P, and K and 
Fe, Mn, Zn, and Cu compared to the comparison treatment 38. The production of 
auxin also contributes to the growth of the lateral root 39 Plant hormones 
significantly improve the absorption of nutrients and water of the plant with the 
development of the root system more due to the stimulating effect of plant 
hormones of Azospirillum strains used in vaccine formulations with their ability 
to produce plant hormones plays a role A pivotal role in promoting plant growth 
40 that inoculation with A.lipoferum strains led to enhanced wheat productivity 
and increased root length compared to non-pollinated plants, which helped in soil 
reclamation by improving soil properties 41 The intercropping of wheat and bean 
can significantly affect the enhancement of ready-made nitrogen through the 
process of mineralization and nitrification, fixing mineral nitrogen and enhancing 
the nitrogen cycle, which has improved the nitrogen-retention capacity of the 
intercropping system on the supply and preservation in the soil and reduce the 
risks of NO3 

15. 

The optimal nitrogen use rate in intercropping wheat cultivation was 150 kgNha-

1, which was Less than monoculture wheat, and the optimum yield of 
intercropped wheat was 20% higher than that of single wheat, which was most 
likely due to intercropping of wheat with bean as the nitrogen use efficiency 
values improved 42, 43. 

 

Conclusion  

The results showed an excess nitrogen budget in the intercropping cultivation that 
exceeded the surplus in the monocropping. Furthermore, based on tests, the study 
showed the isolation of ten bacterial strains from wheat roots grown in sandy 
alluvial soil. Biochemical traits associated with PGPR are deactivation of the 
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amine ACC by decreasing ethylene level, siderophore production, acetic acid 
(IAA) yield and solubility of phosphorous compounds. 
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