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Abstract- Although the use of mycorrhizae increases the agricultural yield, its cost remains prohibitive. The objective of this study is to
evaluate the effect of the use of enriched biochar on the level of mycorrhizae applied on two contrasting soils. The enriched biochar is
obtained by the pyrolysis of a mixture of sawdust, clay, and chicken manure. Experiments are carry out by growing French beans in
pots containing two different soils collected in Ngaoundéré (University campus and Beka). A randomized bloc factorial design based on
six mycorrhizae treatments and two soil samples is used. Measured parameters are the germination duration; the total mass of stalks
and roots; the roots depth; the increase in stalks height and diameter, the increase of the cumulative leaves number, the production of
pods, and thus the yield. The university campus soil presents an acidic pH (5.2±0.2), meanwhile Beka soil shows an alkaline pH
(7.75±0.1). When using enriched biochar, the germination’ duration is significantly improved with the acidic soil (p<0.01) unlike that
of the alkaline soil. Also, the total mass of the stalks and that of the roots are highly improved by the use of enriched biochar on the
acidic soil compared to the alkaline soil. The same trends are observed for the production of cloves. Definitely, the enriched Biochar
ameliorates the production of French beans on acidic soils and enables to reduce the level of mycorrhizae introduced in this type of soil.
Keys words- Enriched biochar; French bean; Mycorrhizae; acidic soil; alkaline soil.

I.

INTRODUCTION

The French bean (Phaseolus vulgaris) is cultivated by Central African populations mainly because of its high protein
content [1; 2]. In Cameroon, this leguminous crop occupies the largest surface area compared to other crops [3; 4]. The National
demand continues to grow over time due to population growth, while yields remain low. This is attributed to several constraints,
among which is the poor soil fertility [5]. While the use of chemical fertilizers can increase yields, it can also lead to soil
acidification and soil water pollution. The use of biofertilizers such as mycorrhiza has appeared to be a promising alternative [6].
Mycorrhizal fungi can improve soil structure [7; 8; 9]. They have the ability to colonize not only the rhizosphere but also the soil
beyond it [7]. Their filaments coming into contact with the roots will provide them with nutrients and water. Plant growth is
strongly stimulated. For example, a significant increase in above-ground and root biomass and better resistance to soil antagonists
is reported [10; 11; 12]. It thus appears that, it is possible to reduce chemical fertilizers inputs while preserving the yield. The use
of mycorrhizae, however, comes in with two constraints. Mycorrhizae require some soil physicochemical conditions for their
colonization [13; 14]. On the other hand, the use of mycorrhiza is prohibitive and this considerably reduces the profit margin of
farmers. It therefore become imperative to look for other ways to increase agricultural profitability while reducing the
environmental impact of this type of anthropogenic activity.
In order to improve agricultural profitability, and to reduce food insecurity due to protein shortages, one of the approaches
advocated in recent years to produce food in a sustainable way is the combination of the two biofertilizers; biochar and mycorrhiza
[15; 16; 17; 18].
The biochar obtained by pyrolysis and from various materials, makes it possible, among other things, to stabilize certain
acidic and poor tropical soils [19; 20]. It therefore contributes to improving the agronomic performance of these crops [21]. It
significantly improves many of the physicochemical properties of soil by increasing its alkalinity, water retention potential, cation
exchange capacity [22; 23; 25; 21].
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It has been shown that in the presence of biochar, the symbiotic effect between plants and mycorrhizal fungi increases
[10; 25]. Mycorrhizae would provide larger amounts of nutrients such as phosphorus, nitrogen and zinc to plants [26; 27; 28; 29].
Also, the biochar through its numerous pores, can serve as habitat and refuge against predators of mycorrhizal fungi [25; 30; 31;
32].
The present study is aiming at testing a combination of enriched biochar and various levels mycorrhizae on French beans
cultivated on two different soil samples (an acidic soil, and an alkaline soil). The main purpose is to minimize mycorrhizae
incorporation into soils, thereby reducing production cost and improving farming profitability.
II.
MATERIAL AND METHODS
A. Material
French beans seeds (Phaseolus vulgaris), also called red beans of the improved variety GLP 190 from the IRAD of
Dschang (Cameroon) is used. It is a non-climbing dwarf variety with a 75-day production cycle [33; 34].
The mycorrhizal inoculum used for this work is purchased at the Biotechnology Research Laboratory of the University
of Yaounde I (Cameroon). It consists of a mixture of soil (clay, sand grains), root fragments with fungal spores of the genus
Glomus and Gigaspora at a concentration of 7 spores/g. These mycorrhizal strains were identified by Nwaga [6].
The enriched biochar used for this study is obtained from a mixture of 53% sawdust powder of Ayous essence
(Triplochiton scleroxylon), 30% of Wak clay powder and 17% of the chicken manure powder. The choice of these proportions
for the enriched biochar formulation is obtained by using a mixture design. The biochar production conditions are a temperature
of 550 ° C and a residence time of 2 hours in an electric furnace Nagat (Montoir de Bretagne, France).
Water pH measurement was performed according to the method of Rajkovich et al. [35]. Granulometric analysis was
determined by the Robinson's pipette method [36]. The electrical conductivity of the soil samples was carried out according to
standard NF ISO 11265 [37]. The cation exchange capacity (CEC) was determined according to the standardized method [38].
Total nitrogen is determined after mineralization of the samples by Kjeldahl method [39; 40]. Determination of total phosphorus
is done by using the method described by Rodier [41]. Calcium and magnesium are determined by the titrimetric method [42].
Plastic pots, 25 cm high and 3.5 cm in radius, or about 960 cm3, is used for sowing and growing bean plants.
Soil samples are collected from two sites. The first site is located on the campus of the University of Ngaoundere, behind
the medical and social center (Cartesian coordinates: N07°18’781'’, E13°35’634'’, raised to 1096m). The site is an abandoned
field, because of the poor yield according to the local residents. The site has a reddish-brown, ferralitic-type soil grown on basalt
[43]. The second soil is collected from a site about ten kilometers from downtown Ngaoundere, in a locality called Beka (Cartesian
coordinates: N07°19’051'’, E13°35’027’', raised to 1110m). It is a basic type soil, rich in organic matter [44; 45] where farmers
have been cultivating red beans for more than three decades.
Experimental design
Experiments are carried out during three vegetation periods on the soils described above. Six treatments are performed
including the control (without 0% biochar and 0% mycorrhizal) and five other treatments with the same proportion of biochar
(10%) but varying proportions of mycorrhizae (0%, 1%, 2%; % and 4%). Each treatment has three repetitions. All trials are
randomly distributed among the three rows of experimental pots. Each pot represents an experimental unit for a total of 36
experimental units. A complete randomized device is applied for this study. The experimental planning is a complete randomized
bloc factorial design of mycorrhizal treatments and soil types (factorial 6x2).
B. Methods.
Sampling and soil preparation
Soil samples are collected from two sites during the months of September and October. Samples are taken according to
the method described by Beesley and Marmiroli [46] and Mathieu and Pieltain [47]. The samples are collected at a depth of 20
cm from the surface using a shovel. In order to obtain a reliable result, 15 elementary samples are taken from the plot. A diagonal
sampling method that is adopted.
Potted trials
Principle
The method used to evaluate impacts on the growth of bean plants is adapted from that of Saxena et al. [48]. Bean seeds
are sown in pots without biochar and mycorrhiza (control soil) and in different proportions of 0%; 1%; 2%; 3% 4% mycorrhizae
(w/w). The control soil contains exclusively soil. Except for the control soil, the other treatments received a constant mass of
biochar 50 g representing a 10% incorporation and a constant soil mass of 500 g. Thus, the modification of the mass provided by
the addition of the biochar is not taken into account, the proportion of the biochar being very small compared to the mass of soil
(Table 1).
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Table 1: Different Mixtures for Seedling and Bean Growth
Pots code

control
500

10%EB+ 0%
MP
500

10% EB + 1%
MP
500

10% EB +2%
MP
500

10% EB +3%
MP
500

10% EB +4%
MP
500

Mycorrhizea [g]

0
0

50
0

50
5

50
10

50
15

50
20

Mycorrhizea [%]

0

0

1

2

3

4

Soil [g]
Biochar [g]

Legend: MP = Mycorrhizea’s Proportion, EB = Biochar enriched

Preparation of pots and seedlings
The various constituents (soil, enriched biochar and mycorrhiza) of the pots are mixed manually. The bean seeds are
sown to a depth of 1 cm. These are the seeds of good physical shape that are chosen. It is an under shelter culture. Three replicates
are made per test with one bean grain per pot. A quantity of distilled water (300 ml) is watered every 72 hours.
Study of the influence of enriched biochar in the presence of different proportions of mycorrhiza on bean production
Follow-up of some plant parameters
The follow-op of plant growth consisted of knowing the germination time, the progression of the stalk size, the increase
of the size diameter of the stem at the collar and finaly the progression of the leaves’ number. The collar is the transition zone
between the stem and the root of a plant. All results are averages of three trials. The duration of germination is the time taken by
the plant to germinate. Weekly measurements of plant size is done using a tape measure. The diameter at the collar of the stem is
also done weekly by using a calliper. The number of leaves is determined weekly by counting the leaves of the plants in each pot.
Increase of the dry biomass mass of different parts of the plant.
The weight of the dry biomass of the stem, roots and pods is carry out at the same time. It consisted of the destruction of
the plant in its three parts that are the stem, the roots and the pods. The bean pods are dried at room temperature to facilitate
separation of bean seeds. These are separated by hand, then placed in nacelles and placed in an oven at 105 ° for 24 hours for the
determination of the dry matter.
Statistical analyses.
The results are statistically analysed using the "Stratigraphic Centurion" software version 18. The averages are compared
using ANOVA. Turkey’s Honestly Significant Difference (HSD) is chosen to determine the difference between treatment averages.
III.

RESULTS AND DISCUSSIONS

Characterization of soils and enriched biochar
Table 2 presents some physicochemical characteristics of the studied soils and enriched biochar. The university campus
soil is acidic (pH between 5.11 and 5.46) with an average of 5.2 ± 0.2, while that of Beka is basic (pH between 7.64 and 7.83)
with a mean value of 7.75 ± 0.1. The water content means comparison of the two soils and the enriched biochar reveals significant
differences (p<0.001). The Tukey HSD test distinguishes three groups representing the three substrates studied. The same
observation is made for most of the other studied parameters. The pH values of Beka soil are close to those obtained by Fezeu
(2006) but differ from those reported by Rippstein (1985). The average pH of the biochar is (9.2±0.3). The enriched biochar shows
the highest and most basic pH of both soils. The soils and the enriched biochar are significantly different at p˂0.05. The acidity
of the university campus soil can be attributed to the origin of the parent material made up of granites. Another explanation is the
abundance of iron and aluminium ions that result in the red colour of this soil. Another explanation is the strong water erosion,
which prevents the constitution of a richness in organic matter. The acidic nature of the university campus soil results in increased
mobility of cations that can be leached to surface or groundwater. The unavailability of these nutrients makes this soil to be poor.
Acidic soils are often associated with poor soils and have many drawbacks, such as stopping underground microbial activity,
hindering certain nutrients uptake plants. These soils can also cause growth disturbance, appearance of toxicity related to metals
absorption such as aluminium (made more soluble in acidic soil). The parent material can explain the basic character of Beka soil.
Indeed, this soil is derived from an ancient basalt [45]. It is a priori favourable to agricultural practices, and that is why we choose
it to grow the beans. The majority of biochars are basic; the incorporation of chicken droppings and clay makes them more basic.
This strong basicity is suitable for use as a liming agent. It can be predicted that a small proportion of enriched biochar could
increase the pH and reduce soil acidity [49].
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Table 2: Physicochemical characteristics of soil and enriched biochar
Parameters
pH

S1

water

S2

EB

7,75±0,1b

5,2±0,2c

9,20±0,3a

75,00±4,3a

11,07±0,5c

47,75±1,7b

15,33±0,95b

11,74±0,95c

33,80±0,7a

p ˂0,001

35±5a

p ˂0,001

-1

EC

1/5

[µS.cm ]

OM [%]
-1

[cmolc.kg

CEC
]
Sand content [%]
Slit content [%]
Clay content [%]
Soil’s Texture
org Carbone %
N djedahl %
-1

P totals [µg.g ]
-1

Ca totals [µg.g ]

p value
p ˂0,001

27,78±5

b

8,82±6

c

p ˂0,001

30,38±1,4b
16,67±1,6a
52,95±1,5a
C
2,25±0,05b
0,17 ±0,03b

59,46±1,4a
10,29±1,7b
30,25±1,4b
S-C-L
0,81±0,05c
0,04 ±0,01c

23,6±0,07a
1,82±0,01a

10,68 ±0,5b

2,51 ±0,4c

15± 0,4a

p ˂0,001
p ˂0,001
p ˂0,001

8,8± 0,5b

1,6± 0,4c

11,55± 0,4a

p ˂0,001

p ˂0,001
2,3 ± 0,4b
0,85 ± 0,1c
3,67± 0,3a
Mg totals [µg.g ]
The values followed by the same lowercase letters are not significantly different; the values of p are calculated at different percentages and reported in a column.
Legend: S1 = Beka’s soil; S2 = campus University’s soil; EB = enriched Biochar; p = probability; EC = electrical conductivity; CEC = cation exchange capacity,
OM = organic matter; A.C= ash content, C = clay; S-C-L = sandy clay loam.
-1

University campus soil electrical conductivity range from 10.6 to 11.7 μS.cm-1 with an average of 11.7 μS.cm-1. That
of the Beka soil is greater; it varies from 70.1 μS.cm-1 to 78.3 μS.cm-1 with an average of 75.00 μS.cm-1. The enriched biochar
revealed conductivity values between the studied contrasting soils. The measured extended values are between 46.11 μS.cm-1
and 49.57 μS.cm-1. Reflecting the total amount of ions in solution, the averages of the two studied soils and that of enriched
biochar could not affect the plants growth according to the Durand scale [50]. The values are all included in class 1, i.e. less than
500 μS.cm-1 and therefore any type of plant can easily grow in these environments because the absorption of water will not be
stopped. Rich in minerals, the enriched biochar could increase the electrical conductivity of the university campus soil, but neither
that of Beka. The latter has a higher electrical conductivity than the enriched biochar.
Water eroded soils have a lower organic matter content. This is the case of the university campus soil where its content
is 11.74 ± 0.95%, while that of the Beka has an average content of 15.33 ± 0.95%. The results differ from those obtained by Adjia
in 2010 [51] or Noubissié in 2015 [52]. The university campus soil is marginalized and abandoned for its poor performance. The
slight difference (4%) in terms of organic matter content between the university campus soil and that of Beka can be explained
by the fact that the harvesting residues of bean grains enrich the latter, which constitutes therefore an important source of organic
matter supply.
Cation exchange capacity ranged from 8.82 ± 6 cmol c.kg-1 (university campus soil) to 27.78±5 cmolc.kg-1 (Beka soil)
versus 35±5 cmolc.kg-1 for the enriched biochar. Noubissié [52] obtained higher values for grower soils in Ngaoundere. This
difference can be explained by the abundant organic matter richness of vegetable soils. Beka's soil has a cation exchange capacity
that is more than twice as high as the university campus. There are two reasons for this superiority. The first is the original material
of two soils. The campus floor is of granitic origin and the Beka soil is of basaltic origin. The second explanation is the superiority
of Beka's soil in organic matter. In general, pyrolysis increases the porosity and thereby the cation exchange capacity of the
carbonized organic substrates. Enrichment by incorporation of chicken manure and clay from Wak substantially increased the
cation exchange capacity of biochar from sawdust.
The granulometric analysis of the two soils studied reveals some minor differences between the two soils. The sand
content of the two soils is respectively 30.38% ± 1.4 and 59.46% ± 1.4 for the Beka soil and the university campus respectively.
If the sand, by its relative large volume, does not contribute to the fertility of the soil, the silt and the sand make it possible, by
their strong nutriments adsorption capacity, to increase the yield of the cultures. The proportion of Beka soils and university
campus silts is 16.67±1.6 and 10.29±1.7 per cent, respectively. The average clay proportion is 52.95%±1.5 and 30.25±1.4
respectively for Beka soil and university campus soil. This difference is significant. This difference (p ˂0.05) makes it possible
to classify the Beka soil as clay soil and that of the university campus as a sandy clay soil. This difference also makes it possible
to assert a higher fertility to the Beka soil even though a mineralogical analysis of the clay from the two sites may be necessary
to confirm this observation. The quality of the clay is an important factor in assessing the ability of the soil to increase crop yield.
The nitrogen content of the enriched biochar is greater than that of both soils. It is 1.82%±0.01 for enriched biochar
against 0.17%±0.03 and 0.04%±0.01 for Beka soil and university campus soil respectively. The very high proportion of nitrogen
in the enriched biochar compared to the two studied soils probably because of the nitrogen brought by the chicken manure. The
Beka soil has a greater nitrogen proportion compared to the university campus soil because the agricultural practices on this soil
leaves a large amount of crop residues rich in nitrogen. On the university campus soil, the cultural background is rather the
cultivation of corn.
Macronutrients are important in plant nutrition. The phosphorus contents are 15% ± 5.4 for the enriched biochar, against
10.68% ± 5.5 and 2.51% ± 3.4 for Beka and university campus soils respectively. These values significantly differ from each
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other at p <0.01. The enriched biochar has a higher phosphorus content because of the addition of chicken manure and clay during
the incorporation. The Beka soil has a higher phosphorus content than the university campus soil because of their bedrock
materials, the first from granite and the latter from basalt. On the other hand, the proximity of the site of Beka that adjoins the
volcanic crater of Lake Tyson. Under the action of wind erosion, particles of volcanic rocks usually rich in phosphate can enrich
the Beka soil. In addition, a lower available phosphorus content could accompany the low total phosphorus content of the
university campus soil. The iron and aluminium hydroxides detectable by the soil red colour can adsorb a significant amount of
phosphates and form compounds with very little solubility in tropical acid soils. These compounds are unavailable to plants [53].
However, microorganisms can solubilize these forms, provided they have an available source of carbon. Biochar that has a high
carbon content could be helpful.
The calcium contents vary from 8.8% ± 0.5 μg.g-1 for Beka soil to 1.6% ± 0.4 μg.g-1 for university campus soil. The
enriched biochar presents a higher content with 11.55 ± 0.4 μg.g-1. The calcium content of the Beka soil makes it possible to have
an aggregated soil structure because calcium allows flocculation of different soil particles. The low calcium content of the soil
does not improve the soil structure, which still remains in the form of particles . This tendency is weakened further in the presence
of iron and aluminium oxyhydroxides when the soil is acidic. This is the case with the abandoned university campus soil. The
high calcium content of the enriched biochar could improve soil structure.
The total magnesium content are 2.3 ± 0.4 μg.g-1 and 0.85 ± 0.1 μg.g-1 for the Beka soil and the university campus soil
respectively. The enriched biochar has a total magnesium content of 3.67± 0.3 μg.g-1. Magnesium is more likely to be leached
than potassium because it is poorly retained by clays.
Combined effect of enriched biochar and proportion of incorporated mycorrhizae on some bean growth parameters.
Tables 3 and 4 show the influence of biochar and proportions of incorporated mycorrhizae on the university campus soil
and Beka soil. The parameters presented in this table are the duration of emergence, the total mass of stems and roots dry matter,
and the root size. These parameters were measured once. The duration of emergence is measured at the beginning of production,
and the other three parameters at harvest.
The duration of germination varies from 3±1 days to 6±1 days depending on the treatment applied. In the alkaline soils,
the germination time is 3±1 days [54]. The longest germination time is observed on the university campus soil with 10% biochar
enriched and without mycorrhiza. The shortest is the one made up of enriched biochar and Beka soil. This is 3±1 days regardless
of the rate of mycorrhiza incorporated. These differences, however, are not significant at p <0.05 in the presence of enriched
biochar added two soils considered separately. This means that in the presence of enriched biochar, the germination time does not
significantly vary. The effect of the incorporated mycorrhizal level is also low. The incorporated mycorrhizae reduce the
germination duration at 2 days in the university campus soil. There is no significant effect observed with Beka soil for the
germination duration is the same for all the treatments. The soil being alkaline, neither the addition of the enriched biochar, nor
that of the mycorrhiza, accelerates the emergence of the bean seedlings.
The total mass of dried bean stems varies from 510±40 to 890±30 mg for the university campus soil plants, and from
870±50 to 900±50 mg for the bean grown on the Beka soil. These differences between the two soils are attributable to the soil
pH, the first being acidic and the second alkaline. Acidic soils do hinder plants vegetative growth, unlike alkaline soils. On the
other hand, the university campus soil is poor in organic matter and rich in iron and aluminium hydro-oxides that are likely to
hinder the bean growth. The presence of mycorrhizae significantly affects the total mass of bean stems (p <0.05) on the university
campus soil. The total mass of stems increases from 136±30 mg to 230±32 mg upon incorporation of 0.5% mycorrhizae. Already,
at this incorporation rate, vegetative growth is boosted. On the Beka soil, this change is not revealed. The addition of mycorrhizae
at a rate varying from 0% to 4% does not change the total mass of stems produced.
The total root mass ranges from 136±30 to 450±30 mg on the university campus soil, and from 470±50 to 490±50 mg
on the Beka soil. With the presence of mycorrhizae, root production is boosted on the university campus soil. It goes from 136±30
mg to 230±32 mg when adding 0.5% mycorrhizae. This is estimated at almost 100 mg at every additional 1% mycorrhizae and
stabilizes when 3% mycorrhizae is added.
The bean roots size is influenced by the rate of mycorrhizae addition to the university campus soil. It varies from 4.82±0.5
cm to 14±0.8 cm when the rate of incorporated mycorrhiza ranges from 0% to 4%. The coefficient of variation is 34.5%. No
significant difference is observed for the Beka soil. It varies here from 14.2±0.5 cm to 14.5±0.2 cm. The coefficient of variation
is also low, it is 3.41%. The root size may reflect the rate of mycorrhization. On the university campus soil, the growth of the root
size significantly increases with the level of incorporated mycorhizae. The microbial activity can be stimulated in the presence
of the enriched biochar.
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Table 3: Combined Effect of Biochar and Different Proportions of Mycorrhizae on Some Bean Growth Parameters on
University Campus Soil.
Proportion of incorporate mycorrhizae in soil
Parameters
Germination duration [d]

control

10%EB+0%MP

10%EB+1%MP

10%EB+2%MP

10%EB+3%MP

10%EB+4% MP

8±1a

4±1b

4±1b

4±1b

4±1b

4±1b

b

720±50

ab

830±50

a

850±50

a

850±50

a

890±50

a

CV

p value

29,61%

0,3149

DM total stalk [mg]

510±40

18,12%

0,0000

DM total roots [mg]

136±30c

230±32bc

340±35ab

440±30a

450±30a

450±30a

37,52%

0,0000

Root’s size [cm]

4,82±0,5c

7,25±0,6c

10,5±0,7b

13,6±0,7a

13,7±0,5a

14±0,8a

34,5%

0,0000

The values followed by the same lowercase letters are not significantly different; the values of p are calculated at different percentages and reported in a line.
Légende : CV= coefficient de variation ; p=probabilité ; DM= Dry mater

Table 4: Combined Effect of Biochar and Different Proportions of Mycorrhizae on Some Bean Growth Parameters on Beka
Soil.
Proportion of incorporate mycorrhizae in soil
Parameters

control

10%EB+0%MP

10%EB+1%MP

10%EB+2%MP

10%EB+3%MP

10%EB+4%
MP

CV

p
value

3±1a
Germination
3±1a
3±1a
3±1a
3±1a
3±1a
28%
1,0000
duration [d]
DM total stalk
870±50a
870±50a
890±50a
890±50a
900±50a
900±50a
18,74%
0,6039
[mg]
a
DM total roots
470±42
470±42a
470±42a
470±50a
490±55a
490±55a
8,21%
0,973
[mg]
a
Root’s size
14,20±0,5
14,20±0,5a
14,20±0,5a
14,50±0,5a
14,5±0,5a
14,5±0,2a
3,41%
0,8977
[cm]
The values followed by the same lowercase letters are not significantly different; the values of p are calculated at different percentages and reported in a line.
Legend: CV = coefficient of variation; p = probability; DM= Dry mater

Combined effect of enriched biochar and proportion of incorporated mycorrhizae on stem size evolution
Figures 1 and 2 show respectively the variation of stem size as a function of the proportion of mycorrhizae incorporated
in the university campus and Beka soils. On the university campus soil, the smallest size observed is 8 cm (at the first week
without mycorrhiza) and the longest is 65.8 cm (the 5th week with a 4% mycorrhizae). All plants have growth parameters similar
at the first week. At the end of the second week, three types of stem growth are observed. The first type is that of the control (soil
without enriched biochar and without mycorrhiza), the second is that of the two treatments (incorporation of biochar enriched
with 0% and 1% of mycorrhiza), the third is that of three other treatments (incorporation of biochar enriched with 2%, 3% and
4% of mycorrhiza). It is at the end of the 4th week that the effects of different proportions of mycorrhizae are revealed.
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Figure 1: Variation of stem size based on proportion of
incorporated mycorrhizae and time (University Campus Soil)
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Figure 2: Variation of stem size based on proportion of incorporated
mycorrhizae and time (Beka’s Soil)

This slight difference during the first week is even more pronounced with the Beka soil. It is minimal for the pot without
mycorrhiza (9 cm) and maximum (11 cm) for the pot containing 4% of mycorrhizae. The same observation is done on the soil of
the university campus. In general, growth is rapid during the first four weeks and decreases from the fifth week. This can be
explained by the fact that the bean has begun to complete its vegetative growth to trigger flowers and seeds production. The
presence of mycorrhizae in Beka does not affect seedling growth. Here, the variation of the diameter size is more influenced by
the time than the level of incorporated mycorhizae. The addition of mycorrhizae only slightly modifies the growth of stem’s
diameter because Beka soil is naturally rich in nutrients and present optimal physicochemical parameters.
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Combined effect of enriched biochar and the proportion of incorporated mycorrhizae on the variation of the stem diameter’s size.
Figures 3 and 4 show the variation the stem diameter’s size as function of the level of incorporated mycorhizae at the
collar and time. A maximum stem diameter of 1.2 mm is recorded on plants raised on the university campus soil, against a
maximum diameter of 1.6 mm on the Beka soil. For the university campus soil, during the first week, a proportion of 1% of
mycorrhiza already allows to increase the diameter at the neck. Thus, a difference is observed between the bean seedlings that
received no mycorrhizae compared to the others that received mycorrhizae. On the other hand, on the Beka soil, the evolution of
the seedlings does not allow us to conclude that mycorrhizae have an effect on the diameter of the stem at the neck.
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Figure 3: Stems diameter as a function of incorporated mycorrhizal
proportion and time (university campus soil)
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Figure 4: Stems diameter as a function of incorporated
mycorrhizal proportion and time (Beka soil)

Combined effect of enriched biochar and proportion of incorporated mycorrhiza on the cumulative number of leaves.
Tables 5 and 6 present respectively the evolution of the cumulative number of leaves of seedlings grown on the university
campus and Beka soil. The total number of leaves produced for different treatments of the university campus soil varies from
10±1 for the control soil (soil without enriched biochar and without mycorrhiza) to 18±1 at the end of the vegetative growth. The
bean plants stop leaves production after 4 weeks. For the bean seedlings grown on the Beka soil, the total number of leaves
produced for the various treatments ranges from 16±1 for the control soil (soil without enriched biochar and without mycorrhiza)
to 20±1 at the end of the vegetative growth. Also on this soil, bean plants stop the leaves production at the end of the 4th week.
The control soil of the university campus produces the lowest number of leaves. This can be linked to the poor quality of this soil
and its low pH. Addition of enriched biochar alone increases the production of leaves, which increase the number of leaves from
10 to 15 leaves. On the other hand, on the first week, only the control soil treatment showed a 2-to-5 leaves yield for all other
treatments. The low leaves production can be attributed to the lack of enriched biochar and the mycorrhizal inoculum. The addition
of another biofertilizer, namely mycorrhiza, makes it possible to change the foliar production, which then reaches the number of
18 leaves at the end of the 4th week. The difference between the control and the treatment with more biochar and mycorrhizae in
terms of leaves number at the end of foliar production is 8 leaves.
The effect of enriched biochar and different proportions of mycorrhiza appears to be lower on Beka soil. The variation
coefficient does not exceed 10%. In the first week, all treatments (including control soil) produced 5 leaves (coefficient of variation
was 0%). This can be explained by the fact that, the Beka soil is rich in nutrients; it has an alkaline pH and an optimal cation
exchange capacity for foliar evolution of the bean plant. The addition of the mycorrhizal inoculum seems to bring about little
difference in terms of foliar production because the maximum difference is 4 leaves at the end of vegetative growth between the
control and the treatment with more biochar and mycorrhizae.
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Table 5: Combined effect of biochar and proportion of mycorrhizae on progression of cumulative number of leaves (University
Campus Soil).
Proportions of enriched Biochar and incorporated mycorrhizae

CV

Time
control

10%EB+0%MP

10% EB+1%MP

10% EB+2%MP

10% EB +3% MP

10% EB+4%MP

1st wk.

2±0b

5±0a

5±0a

5±0a

5±0a

5±0a

25,56%

2st wk.

5±0b

8±0a

8±0a

8±0a

8±0a

8±0a

25,56%

3st wk.

8±0e

12±0d

13±0c

14±0b

14±0b

15±0a

18,56%

4st wk.

10±1b

15±1a

16±1a

16±1a

17±1a

18±1a

18,03%

Values followed by the same lowercase letters are not significantly different; p values are calculated at different percentages and reported in a row, Tukey HSD
at 99.99%
Legend: BE = Biochar Enriched; PM = Proportion of Mycorrhizae; CV = coefficient of variation; wk. = week

Table 6: Combined effect of biochar and proportion of mycorrhizae on progression of cumulative number of leaves (Beka Soil).
Proportions of enriched Biochar and incorporated mycorrhizae

CV

Time
control

10%EB+0%MP

10% EB+1%MP

10% EB+2%MP

10% EB +3% MP

10% EB+4%MP

1st wk.

5±0a

5±0a

5±0a

5±0a

5±0a

5±0a

0%

2st wk.

8±0a

8±0a

8±0a

8±0a

8±0a

8±0a

0%

3st wk.

13±0d

14±0c

14±0c

14±0c

15±0b

16±0a

6,71%

4st wk.

16±1a

17±1a

18±1a

18±1a

20±1a

20±1a

9,48%

Values followed by the same lowercase letters are not significantly different; p values are calculated at different percentages and reported in a row, Tukey HSD
at 99.99%.
Legend: BE = Biochar Enriched; PM = Proportion of Mycorrhizae; CV = coefficient of variation; wk. = week

Combined effect of enriched biochar and proportion of mycorrhizae incorporated on pod production
Figures 5 and 6 show the number of pods in terms of treatments in the soil of the university campus and the Beka soil,
respectively. In the soil of the university campus, the number of pods produced per plant is minimal (10±2) in the control soil
(without incorporation of the enriched biochar and without incorporation of mycorrhizae), the highest number of pods is obtained
on the plants. Receiving 10% enriched biochar and 4% mycorrhiza. The comparison of the averages of the treatments carried out
from this soil by the analysis of the variance reveals a significant difference (P = 0.028) between the treatments. The Tukey HSD
test distinguishes 5 groups of difference (Figure 9). In Beka soil, the minimum number of pods (20±2) is obtained in the control
soil and the mixture of soil and enriched biochar (10%) in the absence of mycorrhizae. The maximum number (22±2) is obtained
on treatments of 10% biochar enriched with 3 or 4% of mycorrhizae. The comparison of treatment averages versus pod numbers
by variance analysis shows that there is no significant difference between varieties (P = 0.366). This can be explained by the fact
that the Beka soil is already sufficiently rich and has the necessary physic-chemical properties (for example the pH is basic), the
addition of the two biofertilizers do not influence pod production.
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Figure 5: Production of pods according to treatments (University
campus soil).

Figure 6: Production of pods according to treatments (Beka soil).

Combined effect of enriched biochar and mycorrhiza on dry grain yield
Figure 7 shows the combined effect of enriched biochar and mycorrhiza on dry grain yield of bean plants grown on the
university campus soil. Comparing the averages of treatments to dry grain yield by the analysis variance reveals a significant
difference (P = 0.000) between treatments. The Tukey HSD test shows three distinct groups of difference. Treatments of this soil
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with the addition of 10% biochar and 3% or 4% mycorrhizae (group a). This group gives a high average with respectively 60±4
g.pot-1; 64±4 g.pot-1 when switching from 3 to 4% mycorrhizae while maintaining the incorporation rate of 10% biochar. The
second group (group b) brings together three treatments. It gives an intermediate average. The dry grain yield per treatment is
33.6±1.4 g.pot-1; 31.2±2.4 g.pot-1 and 28.8±4.8 g.pot-1 respectively for an incorporation of 2; 1 and 0% mycorrhizal but with a
10% incorporation of biochar maintained in all three treatments. The last group (group c) has only one treatment (control
treatment). It gives a very low average of 8.8±1.7 g.pot-1. The differences in yield observed are due to the fact that the number of
grains contained in the pods and the grain weight of the treatments differs. A high number of grains (averaged 8 grains) per pod
is recorded in treatments with 3 and 4% incorporation of mycorrhizae, average (6 grains per pod) in treatments with 1%
incorporation; 2% mycorrhizal or none but a biochar incorporation rate of 10%. The university campus control soil presents the
lower number of grains per pod, it averages 4 grains per pod. Grain weighing of the various treatments revealed a high mass when
the biochar and/or mycorrhizae are incorporated (on average 0.4 g) compared to a low mass in the control soil plants (on average
0.125 g). Thus, the addition of biochar and / or mycorrhizal makes it possible to obtain a higher number of seeds per pod and
grains of higher mass. The enriched biochar and the biological activities of mycorrhizae provide the bean plant with nutrients
necessary for optimal development of pods and grains.
Figure 8 shows the cumulative effect of enriched biochar and mycorrhiza on bean plants in Beka soil. A comparison of
average treatments versus dry grain yield by ANOVA reveals a significant difference (P= 0.000) between treatments. The Tukey
HSD test, however, distinguishes only two groups. The first group (group a) includes treatments that received a mycorrhizal level
of 3 and 4% in the presence of 10% enriched biochar. The average yield of this group of 176±8 g.pot-1. The second group (group
b) comprises all other treatments, including the control. The yield is between 120±12 g.pot-1 and 126±6 g.pot-1. An observation
of the pods and grains obtained with Beka soil or mixtures reveals on the one hand that the number of grains is constant (6 grains
per pod). The grain weight fluctuates between 0.35 and 0.4 g. Thus, the incorporation of enriched biochar or mycorrhiza does not
significantly affect yield when a soil is already rich in nutrients such as the Beka soil.
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Figure 7: Yields for different treatments of the University campus
soil.

Figure 8: Yield for different treatments of Beka soil.

IV.
CONCLUSION
The study is primarily aiming at evaluating the influence of enriched biochar on the physicochemical properties of the
two contrasting soils, and to determine the combined effect enriched biochar and mycorrhiza on bean crops production.
The analysis of the few bean production factors on the two control soils and their mixtures with the enriched biochar and
/ or mycorrhiza reveals that the two biofertilizers mainly affect the poor and acidic university campus soil. Incorporation of
enriched biochar and / or mycorrhiza improved vegetative growth of the bean (stem and root sizes, stem diameter at collar, mass
of stems and roots) as well as pod yield and in grains per plant. The enriched biochar and / or the mycorrhizae thus make it possible
to harvest a large number of pods, a high number of seeds per pod, and grains of higher mass. Both in acidic soils of the university
campus and in the alkaline Beka soil, the proportion of mycorrhizae can be reduced by adding enriched biochar without affecting
the bean grains yield. However, the bean plants grown on Beka soil reacted only slightly to the incorporation of enriched biochar
and / or mycorrhiza compared to the University campus soil. The use of a combination of enriched biochar and mycorrhizae could
be a good alternative to the use of chemical fertilizers on acidic soils. Also, the enriched biochar allow for the reduction of the
quantities of mycorrhizae necessary and thereby reduces production costs.
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