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The objective of the study was to evaluate the fertilizing potential of two arbuscular
mycorrhizal fungi (Glomeraceae and Acaulosporaceae) native to the rhizosphere soils of
Benin in a controlled environment (under greenhouse) and in a field environment. For this
purpose, corn seeds were coated with Glomeraceae and Acaulosporaceae strains and
then deposited in 5 cm deep holes. Different doses of mineral fertilizer were then applied
according to the treatments.The experimental design was a split plot of ten treatments
with three replicates in both conditions. Sowing was done following two seeds per pot in
the greenhouse and in the field and lasted 30 and 80 days respectively. The data collected
were related to growth, yield and mycorrhizal infection of the roots. The results in
controlled environment (under greenhouse), show that the plants treated with
Acaulosporaceae+25%NPK+Urea significantly improve the height, the diameter at the
collar, and the dry subterranean biomass with respective increases of 63.74%, 61.53%,
47.79% except for the leaf area and the dry aerial biomass which were improved by
Glomeraceae+25%NPK+Urea with respective increases of 42.66% and 57.2%
compared to the control. The results in the field showed that the best maize yields in
grain, in dry aerial biomass and dry subterranean biomass were obtained significantly with
the Glomeraceae strain 25%NPK+Urea with respective increases of 65.28%, 51.26%,
136.36% compared to the control plants. Also, high values were recorded for the
frequency and intensity of mycorrhization with the Glomeraceae strain under greenhouse
and field conditions. Mycorrhizal inoculation of maize plants showed a beneficial effect in the
field with the Glomeraceae strain in combination with 25% NPK+Urea while the
Acaulosporaceae strain with 25% NPK+Urea was more expressed in the greenhouse.
These endogenous strains can be used as biostimulants to increase maize productivity
while considerably reducing mineral inputs in Benin.
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1 INTRODUCTION

The major challenge for agriculture in the coming decades will be
the sustainable production of sufficient food crops to meet the
ever-increasing global demand. (Battini et al., 2017; Emmanuel
and Babalola, 2020). Current agricultural systems rely heavily on
the continuous application of mineral inputs including mineral
fertilizers, mainly nitrogen (N), phosphorus (P) and potassium
(K), which contribute to increasing yields but also lead to the
decline of land-based biological fertility (Plenchette et al., 2005;
Balogoun et al., 2013). This overdependence results into sevearal
problems to soil, plants and human health through adverse
consequences on food quality, soil health, alongside
atmospheric and water systems (Yang et al., 2004; Igiehon and
Babalola, 2018). As a result, in recent years there has been a focus
on reducing high-input agricultural systems with more research
in order to develop sustainable and eco-friendly alternatives for
food production. Different approaches to reduce chemical
fertilizer inputs in agrosystems include breeding varieties with
efficient phosphorus acquisition (Lynch and Brown, 2009),
application of natural extracts and plant growth-promoting soil
microorganisms (Agbodjato et al., 2015; Assogba et al., 2017;
Igiehon and Babalola, 2017; Igiehon and Babalola, 2018; Fasusi
et al., 2021).

The rhizosphere is the region of the soil that includes the area
immediately around plant roots and a large number of
microorganisms (Babalola, 2010). It is also a region with a
high turnover of nutrients and a high microbial density where
biotic and abiotic factors are under strict control of each other
(Enebe and Babalola, 2018; Enagbonma and Babalola, 2019).
Examples of microorganisms that can be found in the
rhizosphere include rhizobacteria and mycorrhizal fungi (Cruz
et al., 2017).

Within the abundant microbiota associated with the root zone
of the plant, Arbuscular Mycorrhizal Fungi (AMF) occupy a
prominent place. They are beneficial soil microorganisms that
establish mutualistic associations with a variety of food crops
(Berruti et al., 2016), including maize, by improving soil
characteristics and thus promoting plant growth under both
normal and stressed conditions (Navarro et al., 2014; Alqarawi
et al., 2014; Aguegue et al., 2020). AMF enhance nutrient uptake
efficiency, suppression of soil pathogens, tolerance to water, salt
and heavy metal stresses, and increase biomass through the
production of phytohormones and changes in root morphology
(Filho et al., 2017). AMF not only facilitates the process of
decomposition of soil organic matter (Paterson et al., 2016), but
also affect the plant’s fixation of atmospheric carbon dioxide
through the « sink-effect » and the movement of photosynthates
from aerial organ to the roots (Begum et al., 2019). Furthermore,
the fungus penetrates in roots cortical cells, procedure specific
haustoria like structure named as arbuscular, that functions as a
mediator for the exchange of the metabolites between fungus and
host cytoplasm (Oueslati, 2003). Mycorrhizae could increase the
accessibility as well as transport of diffusing ions, for example, P to
host plants (McArthur and Knowles, 1993; Sharda and Koide,
2010). Similarly, it shows a vital role in improving soil physical
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properties (Khan et al., 2020). Mycorrhizae mycelium close to soil
microorganisms produces stable aggregate, therefore improve soil
aggregation (Singh, 2012). This progress in soil aggregation as a
result of the production of an unsolvable mass (glycoprotein) by
mycorrhizae (Gadkar and Rillig, 2006), which shows its significant
role in the soil firmness (Rillig et al., 2003). Arbuscular mycorrhiza
hyphae flourishing in the soil (Bethlenfalvay and Linderman,
1992), supports the plant to obtain water, nutrients, from the
soil, in addition, it also develops soil texture (Rillig and Mummey,
2006). It illustrates an important role in the ecosystem through
nutrient cycling (Shokri and Maadi, 2009; Wu et al., 2011). Studies
have revealed that about 80% of the P taken up through plants is
supplied by mycorrhizal fungi (Marschner and Dell, 1994).
Arbuscular mycorrhizae could also provide both macros as well
as micronutrients for example; N, K, Mg, Zn and Cu mostly in the
soil where it occurs in the less soluble form (Marschner and Dell,
1994; Meding and Zasoski, 2008).

Thus, many studies around the world have been carried out in
recent years understand the establishment, maintenance and
functioning of communities of these fungi under the influence
of cultural practices. (Peyret-Guzzon, 2016; Gnamkoulamba et al.,
2018a) and are now attracting much more interest in sub-Saharan
African countries like Benin (Adjanohoun et al., 2011; Agbodjato
et al., 2015; Assogba et al., 2017) to understand how other soil
communities (bacteria and fungi) interact with plants.

Maize (Zea mays, L), a predominant crop in Benin
(Adjanohoun et al., 2012), is very sensitive to low phosphorus
availability (Postma and Lynch, 2011) and has been shown to be
amenable to the application of symbiotic soil microorganisms
(Rosas et al., 2009; Walker et al., 2011) including AMF (Aguegue
et al., 2017; Koda et al., 2018; Assogba et al., 2020a). Hence the
urgency of deepening and understanding the functioning,
applicability and industrial-scale production of these
innovative technologies for sustainable agriculture is advocated.
It is within this context that this study was been initiated in order
to improve maize productivity while considerably reducing
mineral fertilizers through the use of AMF.
2 MATERIALS AND METHODS

2.1 Materials
Maize seed of the variety 2000 SYN EE W was used during the
experiment. It is an extra-early variety with a vegetative cycle of
80 days. It is resistant to breakage, streak, American rust and
mildew. It is moderately drought resistant (MAEP, 2016). They
are provided by the ‘‘Centre de Recherche Agricole Nord (CRA-
Nord)’’ of the ‘‘Institut National de Recherches Agricoles du
Bénin (INRAB)’’.

Two families of mycorrhizal fungi: Acaulosporaceae
(Acaulospora capsicula, Acaulospora denticulata), Glomeraceae
(Funeliformis mosseae, Funeliformis geosporum, Glomus
caledonius, Glomus ambiosporum, Rhizophagus intraradices
and Septoglomus contrictum), isolated and identified by Davis-
INVAM key in the rhizosphere of maize from the Centre of
Benin by Assogba et al. (2020a) and then stored in the
June 2022 | Volume 4 | Article 894489
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“Laboratoire de Biologie et de Typage Moléculaire en
Microbiologie” were used in this study.
2.2 Methods
2.2.1 Formulation of Biostimulants Based on
Arbuscular Mycorrhizal Fungi
The method of Rivera et al. (2003) adapted by Assogba et al.
(2020a) was used to formulate biostimulants based on arbuscular
mycorrhizal fungi. It consisted of multiplying mycorrhizal fungi
by trapping on the roots of a host plant, whole sorghum
(Sorghum bicolor L.), grown in pots under controlled
greenhouse conditions. Ten previously sterilized sorghum seeds
were then sown in each pot containing the different dilution
levels of sterile soil. A quantity of 600 spores of the species
association of each family (Glomeraceae and Acaulosporaceae) of
AMF was put into the pot immediately after sowing. Then, these
pots were placed in a greenhouse at room temperature. Daily
watering was done for six weeks with sterile distilled water to
maintain the soil capacity approximately the same as in the field.
For all strains, root biomass and soil were ground to obtain
inoculum at the end of the plant’s vegetative cycle. Thus, the
aerial part of the plants was cut and the soil-clay-root content
was extracted from the pots in a clean container and then
powdered after drying to obtain the biostimulant.

2.2.2 Evaluation of the Effect of Arbuscular
Mycorrhizal Fungi on The Growth and Yield of Maize
in a Controlled Environment (Greenhouse) and a
Field Environment (Research Station)
2.2.2.1 Seed Coating With Mycorrhizal Fungi
The coating consisted of weighing 10 kg of seed for 1 kg of
biostimulant for each group of fungi. The seeds were mixed with
a quantity of water equivalent to 600 ml.kg-1 of biostimulant. The
Frontiers in Agronomy | www.frontiersin.org 3
coated seeds were then left in the ambient air for 12 h to dry
according to the recommendations of Fernández et al. (2000).

2.2.2.2 Location of the Experimental Site in a Controlled
Environment (Greenhouse) and Field Environment
2.2.2.2.1 Controlled Environment (Greenhouse). The controlled
environment experiment was installed in the greenhouse of the
Biochemistry Department at the Faculté des Science et Techniques
(FAST) of the Université d’Abomey-Calavi (UAC) in Benin. The
controlled environment experiment was conducted in December
2019 over a 30-day periode. A thermometer was used to detect the
average temperature values inside the greenhouse. The average
daytime temperature was 34.45°C and the average night-time
temperature was 36.82°C during the trial period.

2.2.2.2.2 Field Environment. The field experiment was conducted
in the village ofMiniffi (Figure 1), in the commune of Dassa-Zoumè in
Centre of Benin. It is located between 7°50.4’ North latitude and 2°10’
East longitude. The commune of Dassa-Zoumè is characterized by
Guinean Sudan climate with an annual rainfall regime and wide tem-
perature variations which an annual average of around 28°C (Assogba
et al., 2020b). The field environment experiment was conducted in June
2020 over a period of 80 days. The choicewasmade taking into account
the fact that it had hosted trials, that the decline in soil fertility was a
priority constraint and that the site was an RD (Research and Devel-
opment) site. Flat ploughingwas carried out the day before sowing on a
plot with a maximum slope of 2% and not flooded.

2.2.2.3 Experimental Design In the Greenhouse
and Field Condition
In the greenhouse, the experimental design was a split plot of ten
treatments with three replicates. A total of 30 pots were installed
in the greenhouse

In the field (field environment), the experimental designwas the
same as the one installed in the greenhouse. It was a split plot of ten
FIGURE 1 | Geographical location of the Miniffi experimental site.
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treatmentswith three replications. In total, 30elementaryplotswere
installed on the experimental site. Each elementary plot had an area
of 12.8m² and consisted of 4 lines of 4m longwith a spacing of 0.80
m. Sowing was done at a spacing of 0.80 m x 0.40 m with 31,250
plants/ha (Yallou et al., 2010). The distance separating the plots
fromeachotherwas 1.8mand the replicationsbetween themwere 2
m, respectively. The useful plot had an area of 6.4 m2, where data
were collected on the two (02) central lines.

The different treatments applied in the two conditions were:
T1 = Control (no inoculation or mineral fertilizer); T2 =
Glomeraceae; T3 = Acaulosporaceae; T4 = 25% NPK+ urea; T5
= Glomeraceae + 25% NPK + urea; T6 = Acaulosporaceae + 25%
NPK + urea; T7 = 50% NPK + urea; T8 = Glomeraceae + 50%
NPK + urea; T9 = Acaulosporaceae + 50% NPK + urea; and T10
= 100%NPK + urea. Note that the recommended dose of mineral
fertilizers (NPK and urea) for maize cultivation in Benin is 200
kg/ha of NPK and 100 kg/ha of Urea (INRAB, 1995). It should
also be noted that the NPK used in our study is of the formula
N13P17K17. Urea contains 46% nitrogen (N).

2.2.2.4 Sowing, Inoculation and Maintenance of Pots in
the Greenhouse
The substrate used was a ferruginous soil collected with a marked
holland auger at a depth of 0-20 cm in Miniffi, Central Benin.
The substrate was first sterilized at 120°C for 20 minutes and
then the same operation was carried out 24 hours later. 2 kg of
the substrate was then weighed into the pots (Gholami et al.,
2009). Each pot was moistened with 2/9th of the Maximum
Water Holding Capacity (MWHC) of the substrate, or 224 ml of
sterile distilled water 24 hours before sowing (Eteka, 2005).

Two seeds previously coated with mycorrhizal fungi or not,
dependingon the treatment,were sown in the pots about 5 cmdeep.
Fertilizers were then applied on the same day for treatments that
received different doses of NPK fertilizer, and Urea was applied on
15th day after sowing (DAS).The pots were then watered every
morning with 1/9 of theMWHC, or with 112ml. The demarcation
of one plant per pot was done on the 7th day after sowing (DAS),
then the data relative to different parameters to be evaluated were
collected until the 30th day after sowing.

2.2.2.5 Sowing, Inoculation and Maintenance of Plots in
the Field
At sowing, two (02) maize seeds, previously coated with AMF or
not, were placed in a seed hole after a hole about 5 cm deep and the
seed hole was immediately closed. Then, fertilizers were applied on
the same day as a basal dressing for the treatments that received the
different doses of NPK fertilizer and Urea was applied on the 45th
day after sowing. Three weeding operations were carried out, the
first one coupled with the removal of one plant per seed hole two
(02)weeks after sowing.The least vigorousplantwaspulledout, and
the second and third weeding operations were carried out
respectively six (06) and eight (08) weeks after sowing.

2.2.2.6 Chemical Analysis of the Experimental Soil
At the beginning of the experiment, a composite sample of 500 g of
soil was collected from each elementary plot at a depth of 0 - 20 cm
usingaholandeauger todetermine the chemical characteristics of the
experimental soil. Organic carbon was determined by the method of
Frontiers in Agronomy | www.frontiersin.org 4
Walkley and Black (1934). The carbon content was determined by
colorimetry at a wavelength of 650 nm. Total nitrogen was
determined by the method of Kjeldahl (1883), consisting of acid
digestion followed by distillation of ammonia (NH3) and its
determination. Assimilable phosphorus was extracted by the Bray I
method (Bray and Kurtz, 1945). Exchangeable bases (Ca2+, Mg2+,
Na+, K+) were extracted by the 1N ammonium acetate extraction
method at pH = 7. They were thus displaced by NH4+ ions and then
measured using an atomic absorption spectrometer. The cation
exchange capacity (CEC) was determined by the Metson (1957)
method, which consists of saturating the humus-clay complex with
ammonium acetate (1 N) at pH=7. The NH4+ ions were then
displaced by a KCl (1N) solution and titrated after distillation.
2.2.3 Assessment of the Growth Parameters in
Greenhouse and Field Condition
The growth parameter in the greenhouse and on station was
made by measuring the variables: height, crown diameter and
leaf area. The height of a corn plant is defined as the distance
between the collar and the last ligulated leaf. It was measured
with the use of measuring tape. The diameter of the seedlings was
measured using a slide caliper and the leaf area was estimated by
the affected product length and width of the sheets of coefficient
0.75 according to Ruget et al (1996).

In the greenhouse trial, both variables (plant height and collet
diameter) were collected every 96 hours from 7th DAS to 30th

DAS, or 7th, 11th, 15th, 19th, 20th and 30th DAS. The leaf area was
estimated at the 30th DAS.

In the field condition, the two variables (plant height and
collet diameter) were collected every 15 days from the 15th to the
60th day after sowing, or on the 15th, 30th, 45th and 60th DAS. The
leaf area was estimated (at the 60th DAS.
2.2.4 Evaluation of Biomass Yield Parameters of
Greenhouse Plants (Dry Above-Ground Biomass and
Dry Below-Ground Biomass)
2.2.4.1 Greenhouse
At the 30th DAS, the harvesting of the fresh above-ground
biomass consisted of cutting the plant flush with the pot using
a knife. The contents of the pot (soil + root) were then poured
into a container with water. The roots of the maize plants were
carefully and thoroughly collected and washed thoroughly with
tap water to form the fresh underground biomass.

The precision balance (Highland HCB 3001. Max 3,000 g x
0.1 g) was used to weigh the fresh weight of the different biomass
treatments. These biomasses were then placed in an oven at 65°C
for 72 hours until the constant weight was obtained (Yadav et al.,
2010) for the determination of dry weight (DW). The dry matter
(DM) thus corresponds to the ratio between the dry weight
(DW) and the weight of the fresh biomass (FB) (in %).

DM = DW=FB X 100

where;
DM = dry matter in %; DW = dry biomass weight of maize plants
in kg; FB = fresh biomass weight of maize plants in kg.
June 2022 | Volume 4 | Article 894489
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2.2.4.2 Field Condition
2.2.4.2.1 Determination of Plant Biomass Yield and Maize Grain
Yield. The biomass produced was determined at harvest. Thus,
on the two central rows of each elementary plot, 20 maize plants
were carefully dug up, while taking care to separate the aerial part
(without the maize cobs) from the underground part. Then, the
method used in the greenhouse was the same in this case to
determine the dry matter of the aerial and underground biomass.

For maize grain yield, the cobs of the previous 20 maize plants
were harvested, destemmed and shelled. The percentage
moisture content of the grains was determined using a
moisture meter (LDS-1F). The average grain yield values of the
maize plants were determined by the formula used by Valdés
et al. (2013):

R =
P � 10:000
S� 1:000

�  
14

%  H

Where;

• R = average maize grain yield in t.ha-1; P = maize grain weight
in kg.

• 10000 is the conversion from ha to m2; 1000 is the conversion
from tonne (t) to kg.

• S = crop area in m²; % H = grain moisture percentage in %.
2.2.5 Estimation of Endomycorrhizal Infection Rates
in Greenhouse and Field Conditions
Maize root samples were taken at harvest on 30th DAS for the
greenhouse trial and 60th DAS for the field trial for the
determination of endo mycorrhizal infection. For this purpose,
after staining with Trypan Blue according to the method
described by Phillips and Hayman (1970), arbuscular
mycorrhizal fungi associated with the roots of maize plants
were observed with binoculars (XSP-BM-2CEA.2013). The
estimation of mycorrhizal infection of the roots was carried
out using the intersection method (Giovannetti and Mosse, 1980;
Trouvelot et al., 1986). The mycorrhization rate was estimated by
two parameters of arbuscular mycorrhizal infections, namely:

- Mycorrhization frequency (F) determined by the following
formula which reflects the degree of infection of the root system
(Giovannetti and Mosse, 1980; Trouvelot et al., 1986):

F %ð Þ = N − noð Þ
N

Where N is the number of fragments observed and no is the
number of fragments without trace of mycorrhization.
- Mycorrhization intensity: m (absolute mycorrhization
intensity) which expresses the portion of the colonized cortex
in relation to the whole root system (Giovannetti and Mosse,
1980; Trouvelot et al., 1986) according to the following formula:

m %ð Þ = 95n5 +   70n4 + 30n3 +   5n2 +   n1
N −  no

In this formula, n5, n4, n3, n2 andn1are thenumbersoffragments
respectively noted in the five (05) infection classes marking the
Frontiers in Agronomy | www.frontiersin.org 5
importance ofmycorrhizationnamely: 5 =more than95%, 4= from
50 to 95%, 3 = 30 to 50%, 2 = 1 to 30%, 1 = 1% of cortex.

2.2.6 Statistical Analysis of the Data
The effect of the treatments on the growth and biomass
parameters of the maize plants in the field was assessed using
one-factor analysis of variance (ANOVA) or a non-parametric
Kruskal-Wallis test. The effect of these treatments on the field
maize plants was assessed by applying a linear mixed effects
model (for growth parameters) and one-way analysis of variance
(ANOVA) for the biomass data. In each mixed model,
treatments were considered as fixed factors and time as a
random factor. The Akaike Information Criterion (AIC) was
used to select the best model (Burnham and Anderson, 2004).

Once the tests performed were significant, a post hoc test of
pairwise comparisons using the Tuckey post hoc test (Douglas and
Michael, 1991) was performed to assess statistical differences.

In order to better describe the different treatments, a Multiple
Factor Analysis (MFA) was performed on a set of variables
structured in groups (growth and yield).

These analyses were carried out in the R 4.0.2 software (R
Core Team, 2020), and required the use of the “nlme” package
for model fitting, the ggplot2 package for the creation of box-
plots, the “agricolae” package for the Kruskal-Wallis test, the
“car” package for the ANOVA, the “multcomp” package for the
post hoc pairwise comparison test and the “FactoMineR” package
for the MFA. The significance level used is 5%.
3 RESULTS

3.1 Chemical Characteristics of the Soil in
the Natural Environment
Table 1 presents the chemical characteristics of the soil at the
experimentation site. The soil of the Miniffi experimental site in
Centre-Benin was slightly basic (pH = 7.3) at the horizon level (0-
20cm). The fertility level of the soil (table) was average and was
richer inCa2+ than inpotassiumK+ ions. The carbon-nitrogen ratio
C/N (12.53) was relatively low at the topsoil level. The phosphorus
content at topsoil level (46.73mg/kg soil) was low.1

3.2 Effects of Inoculation of Arbuscular
Mycorrhizal Fungi Strains on Maize
Growth in a Controlled Environment
(Greenhouse)
3.2.1 Effects of AMF Inoculation on Plant Growth
Parameters Under Greenhouse
Table 2 illustrates the variation in growth parameters of maize
plants under greenhouse conditions at 30 days before harvest. An
improvement of the different parameters was observed in the
plants treated with the arbuscular mycorrhizal fungi strains
combined or not with the different doses of NPK compared to
the control plants. Furthermore, it was observed that the effect of
the treatments on the plants varied significantly.

Indeed, the highest values of height were recorded within the
plants treated with Acaulosporaceae+25%NPK+Urea (T6),
June 2022 | Volume 4 | Article 894489
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followed by those treated with Glomeraceae+25%NPK+Urea
(T5) with respective increases of 63.74% and 50% compared to
the control plants (T1). In treatments T8 (Glomeraceae+50%
NPK+Urea), T9 (Acaulosporaceae+50%NPK+Urea) and T10
(100%NPK+Urea) the plant heights were close to those of
treatments T6 (Acaulosporaceae+25%NPK+Urea) and T5
(Glomeraceae+25%NPK+Urea).

In the assessment of the diameter at the collar of the plants,
treatments T6 (Acaulosporaceae+25%NPK+Urea) and T5
(Glomeraceae+25%NPK+Urea) presented significantly
(p <0.01) higher values, with respective increases of 61.53%
and 50% compared to treatment T1 (Control).

As for leaf area, treatments T5 (Glomeraceae+25%NPK+Urea)
andT7(50%NPK+Urea)hada significant effect inducing the largest
leaf areas (p<0.01). This was followed by treatments T2
(Glomeraceae) and T10 (100%NPK+Urea), which also had leaf
areas closer to treatment T7 (50%NPK+Urea). These results
showed the positive impact of biostimulants on the growth
variables measured on maize plants in a controlled environment.

3.2.2 Effects of Inoculation of Endogenous Strains
on Growth Variables
3.2.2.1 Evaluation of the Effect of Mycorrhizal Fungi on
the Biomass Produced in a Controlled
Environment (Greenhouse)
The dry above-ground and dry underground biomass of maize
plants obtained varied significantly between treatments. The results
Frontiers in Agronomy | www.frontiersin.org 6
of the different treatments revealed a highly significant difference (P
< 0.001) in performance between treatments for all biomass yield
parameters (Table 3). The highest values of dry above-ground
biomass were obtained with treatment T5 (Glomeraceae + 25%
NPK-Urea) with improvements of 78.57% compared to treatment
T1 (Control) and 29.53% compared to treatment T10 (100%NPK
+Urea). For dry underground biomass, treatment T6
(Acaulosporaceae + 25% NPK+ urea) with an increase of 103.17%
compared to T1 (Control) and 38.83% compared to treatment T10
(100%NPK+Urea), was the most effective. Therefore, we can note
that the biostimulantGlomeraceae improves the dry above-ground
biomass when combined with the recommended dose of 25%NPK
+Urea while the biostimulantAcaulosporaceae also combined with
the recommended dose of 25% NPK+Urea improves the dry
root biomass.

3.3 Effects of Inoculation of Arbuscular
Mycorrhizal Fungi Strains on Maize Plant
Growth and Yield Under Field Conditions
3.3.1 Effects of Mycorrhizal Fungi on Maize Plant
Growth Under Field Conditions
3.3.1.1 Height (cm)
The effects of the treatments onmaize plants were evaluated over a
periodof sixty (60)days at regular 15-day intervals (Figure2).Thus,
in the field, between the 15th and 30th day after sowing (DAS), the
plants had synchronous growth with similar values for the
parameters assessed. Between the 30th and the 45th day after
TABLE 2 | Effect of mycorrhizal fungi on growth variables in the greenhouse at 30 days after sowing.

Labels Treatment Height (cm) Diameter (cm) Leaf surface (cm2)

mean CI-95% mean CI-95% mean CI-95%

Control T1 42.42a [29.3;55.54] 0.26a [0.23;0.29] 88.088a [85.08;90.32]
Glomeraceae T2 44.78b [31.5;58.06] 0.35ab [0.3;0.40] 108.5ac [102.7;114.3]
Acaulosporaceae T3 46.75b [32.55;60.95] 0.34ab [0.3;0.38] 93.30ab [87.04;98.96]
25%NPK+Urea T4 43.57ab [30.66;46.48] 0.27a [0.24;0.30] 85.22a [83.07;87.37]
Glomeraceae+25%
NPK+Urea

T5 63.63de [45.04;82.22] 0.39ab [0.35;0.43] 130.37c [125.6;135.1]

Acaulosporaceae+
25%NPK+Urea

T6 69.46e [48.29;90.63] 0.42b [0.36;0.48] 86.94a [50.86;123.0]

50%NPK+Urée T7 46.54b [33.19;59.89] 0.27a [0.23;0.31] 116.94bc [114.8;119.1]
Glomeraceae+50%
NPK+Urea

T8 51.33c [36.78;65.88] 0.35ab [0.31;0.39] 105.81ac [103.8;107.8]

Acaulosporaceae+
50%NPK+Urea

T9 57.32cd [40.78;73.87] 0.35ab [0.31;0.39] 94.54ab [82.64;106.4]

100%NPK+Urea T10 56.39ab [38.28;74.5] 0.29a [0.25;0.33] 107.47ac [106.4;108.5]
Probablity 0.0121* 0.01024** 0.0013**
June 2
022 | Volume 4 | A
*p < 0,05 (significant); **p < 0,01(highly significant). In a column, the means with different letters are significantly different at the probability level of 5% according to student Newman-Keuls
test. T1, Control (without inoculation with mineral fertilizers); T2, Glomeraceae; T3, Acaulosporaceae; T4, 25% NPK + urea; T5, Glomeraceae + 25% NPK+ Urea; T6, Acaulosporaceae +
25% NPK+ Urea; T7, 50% NPK + Urea; T8, Glomeraceae + 50% NPK+ Urea ; T9, Acaulosporaceae + 50% NPK+ Urea; T10, 100% NPK+ Urea.
TABLE 1 | Chemical characteristics of the soil of experimental site.

Village Depth(cm) pH(H2O) C-org(g/Kg) N-total(g/Kg) C/N P-Bray1(mg/Kg) Exchangeable bases(cmol/kg)

Ca2+ Mg2+ K+

Miniffi 0 – 20 7,30 7,9 0,63 12,53 46,73 3,18 2,47 2,13
rtic
C- org, organic carbon; N-total, Azote total; P-Bray1, Phosphore available.
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sowing, differentiations are observed. It can be seen that treatments
T5 (Glomeraceae + 25% NPK+ urea) and T8 (Glomeraceae + 50%
NPK+ Urea) induce the best performance in height (p-value <
0.001). After 45 days, the variations observed between the 30th and
45th days of the season became more pronounced with the T8
treatment (Glomeraceae + 50% NPK+ urea), which induced the
greatest height values with an increase of 96.26% compared to the
control plants (T1). Also, a demarcation was observed between the
treatment that received the biostimulant combinedwithhalf dose of
NPK (T8 =Glomeraceae + 50%NPK+ urea) and the treatment that
received the full dose of NPK recommended (T10 = 100% NPK+
urea) with an increase of 17.87%.

3.3.1.2 Diameter at Collar (cm)
Figure 3 illustrates that the time-treatment interaction has a
significant effect on plant diameters (p-value < 0.001). The
results of the seedling analysis revealed that the highest values
in diameter were recorded with treatment T5 (Glomeraceae +
25%NPK-Urea) while the lowest values in diameter were
obtained with treatment T1 (Control). A difference of 70.07%
was noted between treatments T5 (Glomeraceae + 25%NPK-
Urea) and T1 (Control) from the 45th day of the season onwards
and of 20.72% between the treatment (T5=Glomeraceae + 25%
NPK-Urea) that provided plants with larger diameter values at the
crown and the treatment that received the full recommended dose
of NPK (T10 = 100% NPK+ urea). These results indicate an
improvement in this trait following the application of the
biostimulant in combination with a quarter of the recommended
NPK dose compared to the application of the full NPK dose.

3.3.1.3 Leaf Area (cm2)
Table 4 shows the results of leaf areameasurements ofmaize plants
inoculated or not with endogenous arbuscular mycorrhizal fungi
(AMF). The results show that the leaf area of the plants varies
according to the type of inoculum used. The inoculation of maize
plants with Glomeraceae and Acaulosporaceae improved the leaf
area of the plants. Statistical analysis showed a significant effect (p-
value < 0.005) between the different treatments. The highest values
in leaf areawere recordedwith treatmentT6 (Acaulosporaceae+25%
NPK+ Urea) with an increase of 44.06% compared to treatment T1
Frontiers in Agronomy | www.frontiersin.org 7
(Control) and 14.35% compared to treatment T10 (100%NPK
+Urea). We also found that contrary to the first two growth
parameters (height and crown diameter), the plants with a large
leaf area in the natural environment were those that received the T6
treatment (Acaulosporaceae + 25% NPK+ Urea).

3.3.2 Effects of Mycorrhizal Fungi on Maize Plant
Biomass and Grain Yield in Field Conditions
Table 5 shows the mean dry above-ground biomass, dry below-
ground biomass and grain yield of maize plants recorded under field
conditions. A significant effect was noted on all three variables
TABLE 3 | Effect of mycorrhizal fungi on biomass produced in the greenhouse.

Labels Treatment Dry aerial biomass Dry underground biomass

Mean CI-95% mean CI-95%

Control T1 1.40a [1.28;1.52] 0.41a [0.39;0.43]
Glomeraceae T2 1.93bcd [1.84;2.02] 0.5bcd [0.44;0.56]
Acaulosporaceae T3 1.88ce [1.81;1.95] 0.57ce [0.54;0.60]
25%NPK+Urea T4 1.67ab [1.60;1.74] 0.33ab [0.30;0.36]
Glomeraceae+25%NPK+Urea T5 2.50f [2.38;2.62] 0.77ef [0.70;0.84]
Acaulosporaceae+25%NPK+Urea T6 2.33ef [2.05;2.61] 0.83f [0.76;0.90]
50%NPK+Urée T7 1.78ac [1.74;1.82] 0.40ac [0.34;0.46]
Glomeraceae+50%NPK+Urea T8 2.17bcd [2.05;2.29] 0.47bcd [0.40;0.54]
Acaulosporaceae+50%NPK+Urea T9 2.13de [2.05;2.21] 0.63de [0.60;0.66]
100%NPK+Urea T10 1.93ce [1.65;2.22] 0.60ce [0.60;0.60]
Probablity 0.0001891*** 0.000005498***
June 2022 | Volume 4 |
***p < 0,001(very highly significant). In a column, the means with different letters are significantly different at the probability level of 5% according to student Newman-Keuls test. T1, Control
(without inoculation with mineral fertilizers); T2, Glomeraceae; T3, Acaulosporaceae; T4, 25% NPK + Urea, T5, Glomeraceae + 25% NPK+ Urea; T6, Acaulosporaceae + 25% NPK+ Urea;
T7, 50% NPK + Urea; T8, Glomeraceae + 50% NPK+ Urea ; T9, Acaulosporaceae + 50% NPK+ Urea; T10, 100% NPK+ Urea.
FIGURE 2 | Height variation as a function of field-world treatments. T1,
Control; T2, Glomeraceae; T3, Acaulosporaceae; T4, 25% NPK + urea; T5,
Glomeraceae + 25% NPK+ urea; T6, Acaulosporaceae + 25% NPK+ urea;
T7, 50% NPK + urea; T8, Glomeraceae + 50% NPK+ urea ; T9,
Acaulosporaceae + 50% NPK+ urea; T10, 100% NPK+ urea.
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measured. The highest values (Table 5) for dry above-ground
biomass, dry below-ground biomass and grain yield were obtained
with the Glomeracea+25%NPK-Urea treatment compared to the
control plants with increases of 51.26%, 136.36% and 65.28%,
respectively. It should be noted that these different mean values per
parameter vary significantly (p-value < 0.01). Table 5 shows the
different treatment groups with similar effects per parameter. From
theanalysis of this table, it appears that treatmentsT5 (Glomeraceae+
25%NPK+ Urea), T6 (Acaulosporaceae + 25%NPK+ Urea) and T8
(Glomeraceae + 50% NPK+ Urea) gave the highest values in dry
above-ground biomass, followed by treatments; T4 (25% NPK +
Urea), T9 (Acaulosporaceae+50%NPK+urea) andT10 (100%NPK
Frontiers in Agronomy | www.frontiersin.org 8
+ urea) have similar effects, less important than those of the first
batch, followed by the group of T2 (Glomeraceae) and T3
(Acaulosporaceae) which have effects very close to the
performances obtained with the T1 treatment (Control) On the
other hand, treatment T5 (Glomeraceae+ 25%NPK+Urea) induced
the best performance in dry below-ground biomass. A group
composed of treatments T6 (Acaulosporaceae + 25% NPK+ urea),
T7 (50% NPK + Urea), T8 (Glomeraceae + 50% NPK+ Urea), T9
(Acaulosporaceae + 50% NPK+ Urea), T10 (100% NPK+ Urea),
produced plants with biomasses relatively close to those of the plants
subjected to treatment T5 (Glomeraceae + 25% NPK+ Urea).
Treatments T2 (Glomeraceae), T3 (Acaulosporaceae) and T4 (25%
NPK + Urea) had relatively less effect on the below-ground biomass
of the plants than the previous group. Again, treatment T1 (Control)
caused the lowest values of below-ground biomass. In terms of grain
yield, treatments T5 (Glomeraceae + 25% NPK+ Urea), T6
(Acaulosporaceae + 25% NPK+ Urea), T8 (Glomeraceae + 50%
NPK+ Urea) and T10 (100% NPK+ Urea) had the highest yield. It
was found that the group composed of treatments T4 (25% NPK+
Urea), T7 (50%NPK+Urea) andT9 (Acaulosporaceae+50%NPK+
Urea) as well as that composed of treatments T2 (Glomeraceae) and
T3 (Acaulosporaceae) were similar to each other, and the lowest
valueswere recordedwith treatmentT1 (Control).Thehighest values
for dry above-groundbiomass, dry root biomass and grain yieldwere
obtained with the Glomeraceae biostimulant when combined with
the recommended dose of 25%NPK-Urea. Also, when comparing
these values obtained with the best treatment (T5=Glomeraceae +
25%NPK+Urea) and the treatment receiving the full recommended
dose of NPK (T10 = 100% NPK+ Urea), we note demarcations of
7.71%, 4% and 3.23%, respectively recorded on the variables dry
above-ground biomass, dry below-ground biomass and grain yield.

3.3.3 Effect of Mycorrhizal Fungi on the Projection of
Variables And Treatments in the First Two
Dimensions of Multiple Factor Analysis
The proportion of variance explained by the first two dimensions
(axes) is estimated at 93.2%. Figure 4 shows the association
between plant growth and yield variables and treatments, as well
as the correlation between variables and dimensions and between
TABLE 4 | Average leaf area per treatment (CI-95%: Confidence Intervals).

Leaf area (cm2)

Labels Treatement mean CI-95%

Control T1 188.67a [145.90;231.43]
Glomeraceae T2 248.87bc [212.90;284.84]
Acaulosporaceae T3 223.61ab [162.55;284.68]
25%NPK+Urea T4 275.93bd [205.30;346.56]
Glomeraceae+25%NPK+Urea T5 335.70e [259.20;412.20]
Acaulosporaceae+25%NPK+Urea T6 337.30e [314.90;359.69]
50%NPK+Urea T7 253.25bd [238.01;268.50]
Glomeraceae+50%NPK+Urea T8 303.16de [291.06;315.26]
Acaulosporaceae+50%NPK+Urea T9 303.28de [262.73;343.84]
100%NPK+Urea T10 288.87cde [258.40;319.34]
Significant <0.001***
June 2022 | Volume 4
***p < 0,001(very highly significant). T1, Control; T2, Glomeraceae; T3, Acaulosporaceae; T4, 25% NPK + urea; T5, Glomeraceae + 25% NPK+ urea; T6, Acaulosporaceae + 25% NPK+
urea; T7, 50% NPK + Urea; T8, Glomeraceae + 50% NPK+ Urea ; T9, Acaulosporaceae + 50% NPK+ Urea; T10, 100% NPK+ urea. In a column, the means with different letters are
significantly different at the probability level of 5% according to student Newman-Keuls test.
FIGURE 3 | Variation in diameter as a function of field treatments. T1, Control;
T2, Glomeraceae; T3, Acaulosporaceae; T4, 25% NPK + urea; T5, Glomeraceae
+ 25% NPK+ urea; T6, Acaulosporaceae + 25% NPK+ urea; T7, 50% NPK +
urea; T8, Glomeraceae + 50% NPK+ urea; T9, Acaulosporaceae + 50% NPK+
urea; T10, 100% NPK+ urea.
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treatments and dimensions. All variables are positively correlated
to the first dimension. Height, biomass and grain yield are the
most correlated. The first dimension represents the high values
of yield and height. The variables that are relatively correlated in
the second dimension are crown diameter and leaf area.

In fact, the first dimension mainly opposes treatments
T5 (Glomeraceae+25%NPK+Urea), T6 (Acaulosporaceae +25%
NPK+Urea) and T8 (Glomeraceae +50%NPK+Urea) to
treatment T1 (Control). Thus, it appears that the treatments
based on the combination of arbuscular mycorrhizal fungi and
chemical fertilizers, especially at 25% NPK, gave high values of
the different growth and yield parameters, whereas the farmers’
practices produced low growth and yield values. It is deduced
that arbuscular mycorrhizal fungi (especially Glomeraceae)
ensure good plant performance when combined with low doses
of chemical fertilizers (25%NPK+Urea).

The second axis is essentially associated with treatments T4 (25%
NPK+Urea), T7 (50%NPK+Urea) and T10 (100%NPK+Urea)
characterized by a high value of leaf area, which are essentially
treatments based on chemical fertilizers at various doses, as opposed
to treatments T2 (Glomeraceae) and T3 (Acaulosporaceae)
characterized by an increase in diameters, consisting of treatments
based solely on arbuscular mycorrhizal fungi. It was found that
chemical fertilizers had a greater effect on the leaf development of
the plants than did the fungi, whereas the arbuscular mycorrhizal
fungi had a significant effect on the development of the
plant diameters.

These results indicate that the arbuscular mycorrhizal fungi
were very beneficial to the plants by ensuring good development
and yield, and to the farmers by allowing them to reduce the use
of chemical fertilizers and, in turn, to reduce economic expenses.

3.3.3.1 Impact of Mycorrhizal Fungi on Mycorrhization
Parameters in the Greenhouse and in the Field
The intensity and frequency of mycorrhization varied between the
different treatments (Figure 5). Analysis of the radar plot showing
mycorrhization parameters by treatment shows that mycorrhization
frequencies are mostly higher than mycorrhization intensities in the
greenhouse and the field, as shown in the figures. Indeed, the strains
without mineral fertilizers (NPK and urea) give the highest
Frontiers in Agronomy | www.frontiersin.org 9
mycorrhization frequencies and intensities in the field and in the
greenhouse.We noted that these frequencies and intensities decrease
as soon as the quantity of mineral fertilizers increases. This is
the case for the treatments ‘Glomeraceae+50%NPK+Urea’
and ‘Acaulosporaceae+50%NPK+Urea’, which give the lowest
mycorrhization frequencies and intensities in the greenhouse and
in the field.

Note that the Glomeraceae strain gave the highest
mycorrhization frequency and intensity in the field and the
highest mycorrhization frequency in the greenhouse, followed
by Acaulosporaceae. The highest mycorrhization intensity in the
greenhouse was obtained with the Acaulosporaceae strain.
4 DISCUSSION

In tropical zone, the management of natural soil fertility is one of
the major challenges that agricultural actors must face to
transform their eùpirical and subsistence-based agriculture into
sustainable, economical, more rational and income-generating
agriculture (Malonda et al., 2019).

This study aims to improve the growth and grain yield of
maize through the use of arbuscular mycorrhizal fungi (AMF)
while reducing excessive doses of mineral fertilizers applied.

In Benin, maize grows typically under conditions of well-
distributed rainfall of 400 to 600 mm, an optimum temperature
of 28 to 35°C on deep ferrallitic, ferruginous or vertisol soils with
pH values ranging from 5.5 to 7 (INRAB, 1995). The results of
the chemical analysis of the soils revealed that the soil samples
are slightly alkaline (pH = 7.3) at the horizon (0-20cm). The soil
fertility (Table 1) is medium and was richer in Ca2+ than in
potassium K+ ions. The carbon-nitrogen ratio C/N was relatively
low at the topsoil level. Phosphorus content at the topsoil level
(46.73mg/kg soil) was also low. These soils are therefore
conducive for a good expression of arbuscular mycorrhizal
fungi regarding their effectiveness on the different variables
collected. These results are supported by the work of Gabriel
and Cristina (2007).

Indeed, for adequate development of plant, it is necessary that
nutrients are available in enough and balanced quantities (Yayeh
TABLE 5 | Influence of endogenous strains on the variables of biomass produced and grain yield according to the type of treatment in the field.

Labels Treatment Dry aerial Biomass (kg) Dry underground biomass (kg) Grain Yields (t/ha)

mean CI-95% mean CI-95% mean CI-95%

Control T1 2.77a [1.49;4.04] 0.22a [0.13;0.31] 1.93a [1.55;2.31]
Glomeraceae T2 3.50ac [2.75;4.25] 0.31ab [0.27;0.35] 2.30ab [1.62;2.98]
Acaulosporaceae T3 2.98ab [2.72;3.24] 0.33ac [0.19;0.47] 2.38ac [1.74;3.02]
25%NPK+Urea T4 3.81bc [3.35;4.27] 0.35ac [0.21;0.49] 2.81bcd [2.57;3.05]
Glomeraceae+25%NPK+Urea T5 4.19c [3.73;4.65] 0.52c [0.13;0.91] 3.19d [3.03;3.35]
Acaulosporaceae+25%NPK+Urea T6 3.94c [2.93;4.95] 0.46bc [0.32;0.60] 3.14d [2.77;3.51]
50%NPK+Urée T7 3.62ac [3.03;4.20] 0.44bc [0.30;0.58] 2.92d [2.39;3.45]
Glomeraceae+50%NPK+Urea T8 4.11c [3.86;4.36] 0.47bc [0.44;0.50] 3.11d [2.82;3.40]
Acaulosporaceae+50%NPK+Urea T9 3.87bc [2.87;4.88] 0.49bc [0.42;0.57] 2.87cd [2.41;3.33]
100%NPK+Urea T10 3.89bc [2.62;5.16] 0.50bc [0.33;0.66] 3.09d [2.52;3.66]
June 2022 | V
olume 4 | Arti
T1, Control; T2, Glomeraceae; T3, Acaulosporaceae; T4, 25% NPK + Urea, T5, Glomeraceae + 25% NPK+ Urea; T6, Acaulosporaceae + 25% NPK+ Urea; T7, 50% NPK + Urea; T8,
Glomeraceae + 50% NPK+ Urea ; T9, Acaulosporaceae + 50% NPK+ Urea; T10, 100% NPK+ Urea. In a column, the means with different letters are significantly different at the probability
level of 5% according to student Newman-Keuls test.
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and Melkamu, 2017). To achieve that plants convert light energy
(from certain sunlight waves or other light sources) into chemical
energy to ensure their metabolism (Ndonda, 2018). Thus, this
chemical energy is stored into sugars by the plants through
photosynthesis. This photosynthesis takes place within
characteristic plant cell structures (chloroplasts) and gives
plants some ability to convert energy from sunlight and carbon
dioxide into sugars and oxygen (Ndonda, 2018). The
mycorrhizal fungi in turn, use this sugar from photosynthesis
for their own growth and promote better acquisition of
unaccessible minerals within the soil where in one hand roots
cannot reach and in other hand the proliferation of some non-
Frontiers in Agronomy | www.frontiersin.org 10
symbiotic microorganisms involved in biogeochemical cycles
release useful and available minerals for plants (Evelin
et al., 2012).

Also, these microorganisms stimulate the root development
allowing the acquisition of water in-depth for the benefit of the
plant. The measured growth variables show improved mineral
nutrition of the plant, indicating the effectiveness of the
biostimulants in the acquisition of minerals necessary for the
growth of the plant in a both controlled and field environment
(Pagano, 2014).

In the greenhouse, treatments that received the biostimulant
improved growth variables compared to control plants and even
A B

FIGURE 5 | Mycorrhization variables in the greenhouse (A) and the field (B).
A B

FIGURE 4 | Projections of variables (A) and treatments (B) in the first two dimensions of the Multiple Factor Analysis (MFA).
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those that received the full recommended dose ofmineral fertilizer.
A significant difference (P<0.001) was noted in the growth variables
(Height, Collar diameter and Leaf area). The highest height values
were obtained in plants treated with Acaulosporaceae+25%NPK
+Urea (T6) followed by those treated with Glomeraceae+25%NPK
+Urea (T5) with respective increases of 63.74% and 50% compared
to the control plants (T1).

Regarding the growth in diameter at the collar of the plants,
treatments T6 (Acaulosporaceae+25%NPK+Urea) and T5
(Glomeraceae+25%NPK+Urea) presented significantly (p<0.01)
the highest values, with respective increases of 61.53% and 50%
compared to treatment T1 (Control).

As for the leaf area, treatments T5 (Glomeraceae+25%NPK
+Urea) and T7 (50%NPK+Urea) presented the highest values
(p<0.01) with respective increases of 47.99% and 32.75%
compared to treatment T1 (Control). These results show the
ameliorative effect of biostimulants on growth variables
measured on maize plants in a controlled environment and are
supported by those of many authors in Benin (Assogba et al.,
2017; Bossou et al., 2019; Koda et al., 2020; Aguégué et al., 2021)
and in other countries (Leye et al., 2015; Igiehon and Babalola,
2021) who have highlighted the positive effect of biostimulants
on each plant organ and in turn on the plant.

Also, these biostimulants induced high values in produced
biomass (dry above-ground biomass and dry below-ground
biomass). The highest values in dry above-ground biomass of
maize plants were obtained with the biostimulant Glomeraceae
combined with 25%NPK-Urea with an increase of 78.57%
compared to the control treatment and of 29.53% compared to
the T10 treatment (100%NPK+Urea). Regarding dry
subterranean biomass, the highest values were obtained with
the biostimulant Acaulosporaceae with an increase of 103.17%
compared to T1 (Control) and 38.83% compared to T10
treatment (100%NPK+Urea). These results show the
ameliorative effect of biostimulants on the biomass produced
and can be explained by the fact that the biostimulants fit well to
their ecosystem and improve the availability of water and
mineral elements to the maize plants as it is demonstrated that
he weak concentrations of nutrients limit the growth of and the
productivity of the crops (Shen et al., 2016). Furthermore, AMF
may have produced auxin that can modulate growth and root
architecture (Gamalero et al., 2004), and exopolysaccharides that
may solubilize phosphate and maintain water film necessary for
photosynthetic activity and plant growth (Sharma et al., 2013;
Tarraf et al., 2017). We can therefore say that these biostimulants
used in this study are effective in improving biomass yields while
reducing the use of mineral fertilizers. The same observations
were made by Koda et al. (2018); Assogba et al. (2020c) and
Aguégué et al. (2021) in Benin and by Gnamkoulamba et al.
(2018a) in Togo who proved the effectiveness of biostimulants on
rice growth and yield.

In addition, observation of the growth of maize plants carried
out in a field environment after inoculation of the plants with the
two endogenous strains of arbuscular mycorrhizal fungi revealed
that inoculated plants were better developed than those
not inoculated.
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The height values of the plants at 30 days after inoculation
were similar. A significant difference was observed between the
30th and 45th day of growth with the biostimulant Glomeraceae.
After 45 days, the variations observed between the 30th and the
45th day of the plant’s life became more pronounced with the T8
treatment (Glomeraceae + 50%NPK+ Urea), which induced high
height values with an increase of 96.26% compared to the control
plants (T1) and a rise of 17.87% compared to the treatment
that received the full dose of NPK recommended (T10 = 100%
NPK+ Urea)

Regarding the variables neck diameters and leaf area, they
were improved respectively by treatments T5 (Glomeraceae +
25%NPK+ Urea) and T6 (Acaulosporaceae + 25% NPK+ Urea)
with an increase of 44.06% compared to treatment T1 (Control)
and 14.35% compared to treatment T10 (100%NPK+ Urea).
These results explain the effectiveness of biostimulants
(Glomeraceae and Acaulosporaceae) in improving the growth
parameters measured through the good absorption of water and
essential nutrients needed by maize plants for their development.
We have highlighted the same observations in our studies
(Assogba et al., 2017; Assogba et al., 2020b; Aguégué et al.,
2021) in Benin.

These results are consistent with the work of some authors
(Atul-Nayyar et al., 2009; Haro et al., 2012; Djatta et al., 2013;
Haougui et al., 2013; Haro et al., 2015; Manga et al., 2017), who
highlighted the improvement of mineral element uptake
(phosphorus and nitrogen), nutrition and growth of plants
associated with mycorrhizae.

For the yield variables of produced biomass (above-ground
and dry below-ground biomass) and grain yield, we found a very
highly significant difference (P < 0.001) between treatments for
all measured yield variables (Table 5). The highest values for
above-ground dry biomass, below-ground dry biomass and grain
yield were obtained with the Glomeracea+25%NPK-Urea
treatment compared to the control plants with increases of
51.26%, 136.36% and 65.28% respectively. It should be noted
that these different average values per parameter vary
significantly at the 5% threshold (p-value < 0.01).
Gnamkoulamba et al. (2018b) made the same observations on
rice. They recorded significant total dry biomass of rice and
indicated an increasing trend with AMF inoculation. Moreover,
Wahbi et al. (2016) found that mycorrhizal inoculation had a
significantly positive effect on the shoot dry weights and total
shoot N in faba bean,but not in wheat. Zhang et al. (2018) proved
the involvement of MACs in improving biomass allocation to
different plant organs through increased redistribution of
phosphorus and nitrogen to grains. Furthermore, Haro et al.
(2016) and Haro et al. (2017) demonstrated that plant growth
and production are improved by mycorrhizal symbiosis even
when these plants are growing on relatively mineral-poor soils
and therefore exploitation of this symbiosis would be beneficial.

These results recorded at the level of growth and yield
variables can be explained by a good absorption of mineral
elements (Sharma et al., 2017; Aguégué et al., 2021) and a good
accommodation of the strains, their resistance to observed area
of drought (Aroca et al., 2007; Assogba et al., 2020c; Aguegue
June 2022 | Volume 4 | Article 894489
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et al., 2020) or their resistance to specific root and leaf pathogens
(Campos-Soriano et al., 2011). In terms of productivity, growth
improvements may lead to a better yield (Raklami et al., 2019)

Mycorrhization rate is estimated by two arbuscular
mycorrhizal infection parameters (mycorrhization frequency
and mycorrhization intensity). The mycorrhization frequency
(F) reflects the degree of infection of the root system, i.e., it gives
us information on the number of mycorrhized root fragments
observed and the number of fragments without any trace of
mycorrhization on a total of one hundred (100) roots observed.
The mycorrhization intensity expresses the portion of the
colonized cortex in relation to the whole root system.

The results of the analyses reveal high frequencies and
intensities of mycorrhization observed in the greenhouse and
in the field, which explain the results obtained in the variables of
growth, biomass produced and grain yield recorded on the
mycorrhized plants, which present the highest values
compared to the non-mycorrhized plants. These results are
similar to those of Tian et al. (2013) showed 76-80%
colonization of maize roots after inoculation.

Indeed, it should be noted that beyond 12% mycorrhization
intensity, the benefits derived by the plant symbiont are
interesting (Oliveira et al., 2006), which shows a strong
accommodation between the strains and the host plant. This
adaptability would be related to their endogenous origin
(Benjelloun et al., 2014). Out of the two endogenous strains
used in our study, Glomeraceae-induced plants gave the highest
values, especially in a field environment for all variables.
Therefore, this strain proved the effectiveness of AMF-
based biostimulants.
5 CONCLUSION

The purpose of this study was to test the fertilizing potential of
two endogenous AMF on the growth and grain yield parameters
of maize under greenhouse and field conditions.

Results from this study showed that the arbuscular mycorrhizal
fungi strains used had the ability to colonize the rhizosphere in
both the greenhouse and field. It also showed a high ability to
infect the roots of maize plants and improve all variables of the
inoculated plants. The Acaulosporacea + 25% NPK+ Urea and
Frontiers in Agronomy | www.frontiersin.org 12
Glomeracea +25%NPK-Urea treatments induced the best plant
growth and corn grain yields compared to control plants under
greenhouse and field conditions, respectively.

These obtained results demonstrated that mycorrhizal
inoculums were able to adapt not only with chemical fertilizers
but also with the native soil microflora.These results showed that
the mycorrhization of maize with the different endogenous
strains of Arbuscular Miccorrhizal Fungi (AMF) could
improve the productivity of maize plant while discouraging
excessive use of mineral fertilizers. Field experiments on larger
areas need to be repeated to further establish this technology and
later develop arbuscular mycorrhizal fungi-based biostimulants
forsustainable agriculture in Benin.
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(online)surlesitewebhttp://www.slire.net Bibliothèque Nationale du Bé́ nin,
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Inter. J. Biol. Chem. Sci. 6, 2097–2112. doi: 10.4314/ijbcs.v6i5.18

Haro, H., Sanon, K. B., Krasova-Wade, T., Kane, A., N’Doye, I., and Traoré, A. S.
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