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Abstract 
The experiment was conducted in the fields of the Agricultural Division - University of Kufa 
during the season 2022-2021 with the aim of studying the use of a Rhizobium leguminosarum 
inoculant enhanced with charcoal and zeolite for the purpose of producing an efficient bio-fertilizer 
and then using the resulting bio-fertilizer in an agricultural experiment.To know its effects on the 
soil and broad bean plant (faba L (Vicia), adding charcoal and zeolite to the bacterial inoculation 
used had a significant effect in increasing the concentration of nitrogen and phosphorous elements 
in the bean plant amounted to 51.5 g.kg-1,56g.kg-1,7.34g.kg -1, 8.3 g.kg-1 respectively, The addition 
of charcoal and zeolite led to a significant increase in the dry weight of vegetative growth, the dry 
weight of the root system, the dry weight of the root nodes and the number of root  nodes. The 
level of adding 30gm of charcoal and 30gm of zeolite to the bacterial inoculation achieved the 
highest rate (63.00gm, 57.33gm, 32.0gm, 22.0gm, 82.67gm.plant-1,88.33g.plant-1,20.96mg.plant-
1,22.62mg.plant -1),Also, treatments of 30 g of charcoal and 30g of zeolite were excelled in 
increasing the yield of broad bean plant, as it reached 7.565 tons ha-1,8.191 tons ha-1, respectively. 
Keywords: broad bean. Bio charcoal. Zeolite. R.leguminosarum 
Introduction 
Broad beans are of great nutritional importance because they contain proteins, carbohydrates, oils, 
mineral salts, and some vitamins (1). Studies have indicated that the protein content of Broad beans 
reaches between 23-42%, in addition to carbohydrates, which may reach 56% in most varieties, 
minerals, fibers and vitamins (2). It is one of the primary sources of protein and energy in human 
nutrition (3). Bacterial pollination is one of the most important techniques used in agriculture 
because of its importance in improving the agricultural production of leguminous crops rich in 
proteins and carbohydrates and producing inexpensive biofertilizers that do not have any negative 
impact on the environment .  It works to provide the necessary nutrients to the plant by providing 
nitrogen and dissolving phosphorous, where bacterial pollination is a common practice in many 
countries of the world (4 )The process of fixing atmospheric nitrogen by Rhizobium bacteria is one 
of the most important biological processes conducted by organisms capable of producing 
nitrogenase enzyme, which works to reduce atmospheric nitrogen to ammonia (5   )  . Most scientific 
research and studies have pointed out that inoculation of plants with Rhizobium bacteria increases 
the effectiveness of the nitrogenase enzyme and thus increases the process of vital nitrogen fixation 
(6). The amount of biologically stabilized nitrogen is estimated to be approximately 114 million 
tons annually, and the amount of leguminous plants stabilized is about 80 million tons annually 
(7).Biocharcoalcoal is a solid material resulting from the burning of plant organic waste through 
the thermal decomposition of biomass exposure to high heat in a medium that lacks air) and is 
used for agricultural purposes.Charcoal contains all the nutrients that the plant needs, such as iron, 
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phosphorous, potassium, and others It also contains all the rare micro-elements that plants, trees 
and vegetables need in their growth in addition to its benefits in combating many fungal diseases 
and insects, but with all these benefits there are caveats in its use because the increase in the process 
of placing it in the soil raises the basicity of the soil and limits the beneficial fungal and bacterial 
growth in the soil,Therefore, it should be used with caution and in small quantities to restore life 
and activity to weak soils, where it is the magic solution because it includes all the elements that 
the soil needs, where it helps to aerate the soil and facilitates the process of retaining water, and 
helps it absorb nutrients by the roots and store them (8).Zeolite is a crystalline hydrate of alkaline 
earth cations that have infinite, open, three-dimensional structures. Zeolite is one of the most 
abundant minerals on Earth and has been recognized as a separate group of minerals (9).After the 
discovery of zeolite, work was carried out on ion exchange, hydration and dehydration. Zeolite is 
used in many applications such as catalysis, gas absorption, industrial gas separation, water 
treatment (wastewater and drinking water), agriculture, soil mineral stabilization, and ion 
exchange, as well as used as a phosphate substitute in detergents.Zeolites in agriculture have many 
applications such as slow-release fertilizers, heavy metals removers, soil conditioners, increasing 
water, and nutrient use efficiency along with increasing crop yields (10) 
Materials and methods 
1_ bacterial inoculant 
Peat moss and zeolite were obtained from agricultural equipment and charcoal locally. The holder 
was prepared to consist of birch (200 g) with 10 different levels of charcoal and zeolite: 
1- 200gm with peat moss. 
2-200 gm of peat moss + 10 gm of zeolite. 
3-200 gm of peat moss + 20 gm of zeolite. 
4-200 gm of peat moss + 30 gm of zeolite. 
5-200 gm of peat moss + 10 gm of charcoal. 
6-200 gm of peat moss + 20 gm of charcoal. 
7-200 gm of peat moss + 30 gm of charcoal. 
8-200 gm of peat moss + (5 gm of charcoal + 5 gm of zeolite). 
9-200 gm of peat moss + (10 gm of charcoal + 10 g of zeolite). 
10-200 gm of peat moss +) 15 gm of charcoal + 15 g of zeolite). 
 The holder was placed in polyethylene (heat-resistant) bags and sterilized at a temperature of 70 
degrees Celsius in the oven for 15 minutes to get rid of pathogenic microorganisms that may be 
present in it (15).The local isolates of Rhizobium (leguminosarum) were used for the purpose of 
liquid inoculation. They inoculated in the nutrient medium Mannitol Yeast Extract (YEM) and 
using Loop, swabs of bacteria were transferred to the medium under sterile conditions.Then it was 
placed in the incubator at a temperature of 28 degrees Celsius for 3 days, after which 10 ml of each 
isolate was taken and added to the carrier (peat moss) with different levels of charcoal and zeolite. 
The contents in the polyethylene bags (heat-resistant) were stirred to ensure the distribution and 
homogeneity of the inoculant with the pregnant woman. 
Table (1) Components of the agricultural medium YEM 
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Quantity g.L-1 Material name 

0.5 K2HPO4 

0.1 MgSO4.7H2O 

0.2 NaCl 

10 Mannitol 

0.5 Yeast Extract 

15 Agar 

1000 ml Distilled Water 

 
A-2 Execution of the experiment 
The field experiment was carried out at the University of Kufa / Agricultural Division fields during 
the winter season 2022-2021, in sandy soil mixed using the seeds of a local variety, the seeds were 
washed with water in order to inoculate them with R.leguminosarum bacteria. , 
2- Executing the experiment 
 The seeds were inoculated with ready-made bacterial inoculum with different levels of charcoal 
and zeolite added by mixing 10 ml of bacterial pollen with 100 g of peat moss with different levels 
of charcoal and zeolite: 
 .1 200gm with peat moss only. 
2.200 gm of peat moss + 10 gm of zeolite. 
3,200 gm of peat moss + 20 gm of zeolite. 
4,200 gm of peat moss + 30 gm of zeolite. 
5.200 gm of moss + 10 gm of charcoal. 
6,200 gm of moss + 20 gm of charcoal. 
 7.200 gm of moss + 30 gm of charcoal. 
8.200 gm of peat moss + (5 gm of charcoal + 5 gm of zeolite). 
9. 200 gm of moss + (10 gm of charcoal + 10 g of zeolite). 
10.200 gm of moss +) 15 gm of charcoal + 15 g of zeolite). 
Where the seeds were soaked for an hour and a half to ensure the success of adhesion, and the field 
was divided into three main sectors, and each sector included 6 experimental units of dimensions 
(2×3) m2.The experimental unit includes 3 lines, the distance between the lines is 75 cm, and the 
distance between one plant and another is 35 cm. Three replicates were used for each experimental 
unit. 
Table (2) Some physical and chemical properties of field experiment soil 

Traits units values 
Ph  96.6 
Ec Ds.m-1 56.2 

Organic matter 
 
g.kg-1 

1.2 

bulk density  1.35 
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Mg.g-3 
available Nitrogen 

 
mg.kg-1 

15.79 
available phosphorous 19.05 
available potassium 57.142 

Soil 
Separators 

sand 
 
g.kg-1 

800 
silt 78 
clay 122 
texture  Sandy loam 
Total bacteria count Cfu g-1 soil dry 128 *106 

 
studied traits 
In the flowering stage of the plant, the dry weight of the vegetative growth, the dry weight of the 
root system, the dry weight of the root nodes, and the number of root nodes were measured, and 
the total yield of the broad bean plant was calculated. The plant content of nutrients (nitrogen, 
phosphorous, and zinc) was estimated at the end of the experiment, where several random plants 
were taken to the laboratory and the stem was separated from the root and placed in an oven at a 
temperature of 65 °C until the weight was stable. After that, the plant samples were completely 
crushed and digested. 
 3- Results and discussion 
nitrogen concentration in plant (gm.kg-1) 
The results in Table (3) indicated that the levels of charcoal and zeolite added to the bacterial 
inoculum R. leguminosarum all gave a significant increase over the control treatment in the 
concentration of nitrogen element in the plant. The treatments (30 zeolite, 30 charcoal and 15 
charcoal + 15 zeolite) gm excelled on the control treatment, where they gave the highest 
concentration of nitrogen in the plant, where the values reached (51.5, 56, 50.2) g. kg-1, 
respectively, compared to the control treatment, which gave (19.5) gm. .kg-1,This increase can be 
due to the role of zeolite and charcoal in increasing the activity of R. leguminosarum bacteria, 
which has the ability to infect and penetrate the roots, which increases the efficiency of the 
biological nitrogen fixation process, thus increasing plant growth and its nitrogen content (12,11). 
Phosphorous concentration in the plant (gm.kg-1) 
The results in Table (3) indicate that the levels of charcoal and zeolite and the interaction between 
them added to the bacterial inoculum R.l eguminosarum all gave significant differences in the 
values of phosphorous concentration in the bean plant compared with the control treatment without 
addition.The treatments (30 zeolite, 30 charcoal, 15 charcoal + 15 zeolite) excelled on control 
treatment, where the values were (7.34, 8.3, 6.77) g.kg-1 compared to the control treatment without 
addition, which amounted to 1.07 g.kg-1,The reason is that biocharcoal improves the composition 
of the soil and thus facilitates the penetration and spread of roots, and then increases the uptake of 
available phosphorous by the plant. These results are in agreement with the findings of Nzanza 
(13). Who found that the addition of biocharcoal led to an increase in soil aeration, where it 
contains voids that indicate the penetration of the roots to the spaces inside the biocharcoal, and 
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this indicates the contribution of biocharcoal to the phosphorus ready for absorption in the plant 
rhizosphere. 
The concentration of zinc in the plant (mg.kg-1) 
The levels of charcoal and zeolite and the interaction between them and the bacterial inoculum 
R.leguminosarum all had no significant role in the values of zinc concentration in the bean plant 
(Table 3). 
Table (3) Effect of the bacterial inoculant R.leguminosarum enhanced with biocharcoal and 
zeolite on the concentration of nutrients in plants 

Addition level 
g/200 g medium 

nitrogen 
concentration in 
plant  (gm.kg-1) 

Phosphorous 
concentration in 
plant (gm.kg-1) 

zinc concentration 
in plant (mg.kg-1) 

without adding 19.5 1.07 12.3 
Peat moss 32.7 3.73 14.5 
10 zeolite 37.3 4.67 15.7 
20 zeolite 40.3 5.27 15.6 
30 zeolite 51.5 7.34 18.1 
10 charcoal 40.6 5.27 16 
20 charcoal 43.8 6.17 16.3 
30 charcoal 56 8.3 20.3 
5 charcoal + 5 
zeolite 

42.3 
6.23 15 

10 charcoal + 10 
zeolite 

43.2 
6.57 16.2 

15 charcoal + 15 
zeolite 

50.2 
6.77 16.3 

LSD0.05 2.4 0. 39 غ.م 
 
Dry weight of vegetative growth (gm. plant-1) 
The results of Table (4) showed that the levels of charcoal and zeolite added to the bacterial 
inoculant R.leguminosarum It significantly increased the average dry weight of the vegetative 
growth , where the highest average dry weight of the vegetative growth reached (63.00, 57.33) gm 
for the treatments of 30 gm charcoal and 30 gm zeolite, respectively, compared to the control 
treatment without addition, which gave an average vegetative dry weight (25.00) gm. We note 
from the same table that inoculation with bacteria in the presence of zeolite and charcoal had a 
significant and vital effect in increasing the dry weight of the vegetative growth and for all levels 
added individually or in interaction with zeolite and charcoal,The reason for the increase in the dry 
weight of the plant is attributed to the increase in the fixation of atmospheric nitrogen through the 
symbiotic relationship between bacteria and plant roots, as it leads to an increase in plant growth 
through an increase in the accumulation of dry matter. 
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Table (4) Effect of the bacterial inoculant R.leguminosarum enhanced with biocharcoal and 
zeolite on the dry weight of vegetative growth and the dry weight of the root system 

Addition level g/200 
g medium 

Vegetative dry weight (g) Root dry weight (g) 

without adding 25.00 11.3 
Peat moss 27.00 12.7 
10 zeolite 36.67 13.0 
20 zeolite 37.67 15.0 
30 zeolite 57.33 22.0 
10 charcoal 35.67 15.0 
20 charcoal 40.00 19.7 
30 charcoal 63.00 32.0 
5 charcoal + 5 
zeolite 

29.33 17.7 

10 charcoal + 10 
zeolite 

32.67 14.0 

15 charcoal + 15 
zeolite 

42.00 21.0 

LSD0.05 6.27 2.42 
 
Dry weight of the root system (gm. plant-1) 
Table (4) indicates that the levels of charcoal and zeolite added to the bacterial inoculum 
R.leguminosarum all gave significant results for the control treatment in the dry weight of the root 
system. The results gave the highest average (32.0,22.0)gm for treatments of 30gm charcoal and 
30gm zeolite respectively compared to the control treatment without adding (11.3) g, and treating 
with peat moss 12.7 g. This is due to the role of charcoal in improving the physical and chemical 
properties of the soil, which leads to an increase in the availability of nutrients in the soil and then 
available for absorption by the plant (16).As well as zeolite works to improve the physical and 
chemical properties of the soil and zeolite retains water more than half its weight due to the high 
porosity of the crystal structure. It also works to retain beneficial nutrients in the root zone (17)). 
Number of root nodes (node.plant-1) 
Table (5) shows that the levels of charcoal and zeolite added to the bacterial inoculum R. 
leguminosarum all led to a significant increase in the number of root nodes of the broad bean plant. 
As the treatments of 30 gm of charcoal and 30 gm of zeolite excelled on the weight average of 
(82.67,88.33) nodes.plant-1, respectively. Compared to the control treatment without addition, it 
gave the lowest number of root nodes (6.67). nodes.plant-1 The reason for the increase in the 
number of root nodules is the fact that the organic matter in charcoal contains important nutrients 
for microscopic soil organisms such as sugars and enzymes, and that the presence of organic 
materials and nutrients needed by microorganisms works to support and activate large numbers of 
organisms, which leads to an increase in the number of rhizobia bacteria in the soil. And then the 
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number of root nodes (19 and (18) was increased, and these results are in agreement with Al-Otbi 
et al. (20) on the bean plant. 
Dry weight of root nodes (mg. plant-1) 
The levels of charcoal and zeolite added to the bacterial inoculum R. leguminosarum all led to a 
significant increase in the dry weight of the root nodes of broad bean plants, especially the high 
levels of charcoal and zeolite, 30 gm of charcoal and 30 gm of zeolite. The dry weight of the 
contract was (20.96, (22.62 mg.plant-1), respectively, compared to the control treatment without 
adding (2.33) mg.plant-1 and the treatment of peat moss, which gave (6.29) mg.plant-1,The reason 
may be due to the fact that the process of inoculation with rhizobia bacteria leads to an increase in 
its numbers in the soil and then increases its ability to infect and penetrate the broad bean plant 
and the formation of root nodes (23,22,21). 
Table (5) Effect of R.leguminosarum bacterial inoculum enhanced with biocharcoal and 
zeolite on root nodes number and dry nodes weight 

Addition level g/200 g 
medium 

Node number(node.plant-1) 
Dry node weight (mg.plant-

1) 
without adding 6.67 2.33 
Peat moss 11.67 6.29 
10 zeolite 62.67 12.86 
20 zeolite 65.33 14.00 
30 zeolite 82.67 20.96 
10 charcoal 70.33 15.35 
20 charcoal 82.00 18.34 
30 charcoal 88.33 22.62 
5 charcoal + 5 zeolite 46.00 12.13 
10 charcoal + 10 zeolite 48.00 11.33 
15 charcoal + 15 zeolite 59.00 15.33 
LSD0.05 9.00 2.59 

 
pods yield (ton ha-1) 
The results of Table (6) showed that the levels of charcoal and zeolite and the interaction between 
them added to the bacterial inoculant R.leguminosarum all gave significant differences in the yield 
of pods of broad bean plant. Where the treatments of 30 gm of coal and 30 gm of zeolite excelled 
on the rest of the levels and gave a yield of (8,191,7.565) tons ha-1Compared to the control 
treatment without adding 2.267 tons ha-1 and adding peat moss only 3.620 tons ha-1,The increase 
is due to the charcoal enhancing the role of the rhizobial bacterial inoculum in the formation of 
bacterial nodes, thus supplying nitrogen and encouraging root growth, which leads to increased 
absorption of nutrients and thus increasing the concentration of nitrogen in the form of protein and 
amino acids in the yield and this is consistent with what Muhammad and Al-Janaqa reached (24).  

Table (6) shows the effect of the bacterial inoculant R.leguminosarum enhanced with 
biocharcoal and zeolite on the yield of pods. 
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Addition level g/200 g 
medium 

pods yield ton / ha 

without adding 2.267 

Peat moss 3.620 

10 zeolite 5.573 

20 zeolite 6.343 

30 zeolite 7.565 

10 charcoal 6.263 

20 charcoal 7.413 

30 charcoal 8.191 

5 charcoal + 5 zeolite 5.178 

10 charcoal + 10 zeolite 5.732 

15 charcoal + 15 zeolite 5.746 

LSD0.05 0.509 

 
4- conclusions 
The addition of biocharcoal and zeolite led to an increase in the efficiency of the bacterial inoculum 
and its reflection in the indicators of vegetative growth and nutrient uptake. 
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