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Abstract

Madi-Djedid, N., Metahri, M. S. & Saadoun, N. (2025). Tillage or no-tillage: impact on the root fungal community
of cereals and legumes grown on several stations in the semi-arid region of Eastern Algeria. Bulg. J. Agric. Sci.,
31(1), 75-84

Plants harbor in their root systems non-pathogenic fungi called endophytes. They are able to confer to the host plants a
better resistance to biotic and abiotic stresses. Understanding their responses to no-tillage practices could be a promising strat-
egy for optimizing the profitability and sustainability of farming systems. In this context, the objective of the present work is
to determine the composition of the root fungal community of cereal-legume agrosystems in semi-arid Algerian zones. The
experimental set up consists in comparing the influence of no-tillage and conventional tillage on the nature of the root fungal
community according to the nature of the plant and the site. The main results obtained show that tillage has little effect on root
fungal communities. In contrast, the interaction of tillage effects with the nature of the plant and site significantly influences the
composition of these communities. Although the nature of the plant is a factor in the variation of this community, The major ef-
fect would be mainly related to the station. This result suggests that the identified strains belong to a disturbance-resistant core
soil microbiome that is transmitted to the roots, driven by soil environmental conditions and additional host effects. Finally, it
appears that the combination of the effects of no-till with the crop and the site affects the nature of the endophytic fungi whose
functional traits remain to be identified.
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Introduction of fertility, and therefore the sustainability of their produc-

tion capacity (Singh et al., 2012). The tillage causes organ-

The growth and productivity of cereals and fodder le-
gumes in the semi-arid high plains are limited by a number
of abiotic constraints, of a hydric nature due to low rainfall
(Chennafi et al., 2006) and of a technical nature, linked to
conventional production practices based essentially on till-
age (Lopez-Bellido, 1992; Saber & Mrabet, 2002). This type
of practice is often blamed for soil degradation. Because of
their exposure to erosion, which is responsible for their loss

ic matter to be buried deep down, and the depleted surface
horizon is made up of loose, unstable aggregates whose dis-
persion reduces soil permeability (Hernanz et al., 2002). To
avoid this type of practice, adopting conservation agriculture
techniques would be an alternative technical model to con-
ventional production systems (Giller et al., 2015). No-tillage
is one of the main components of conservation agriculture
(Aibar, 2006; Garcia et al., 2014).
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This practice limits soil degradation following the in-
crease in organic matter content in the surface horizon (Dui-
ker & Lal, 1999; Yang & Wander 1999; Fernandez-Ugalde
et al., 2009; Razafimbelo et al., 2018). It improves water
retention and stimulates biological activity by preventing
the soil from turning over, maintaining the surface layers
of mulch and the root system of previous crops (Tebriigge
& Diiring, 1999). Improving biological activity generates
a diverse and active soil biotic community, responsible for
soil fertility (Legrand et al., 2018). Endophytic fungi, often
identified in the rhizosphere, make up a large part of this
biotope, known for their role in reinforcing the growth and
defence of their hosts in the face of stress factors (Selosse et
al., 2004; Dudeja et al., 2012; Kia et al., 2019). Some studies
show that the composition and diversity of this rhizospheric
fungal community vary significantly depending on the type
of vegetation (Hartman et al., 2018) and according to soil
preparation techniques, which play an important role in the
formation of microbial communities associated with plant
roots (Blinemann et al., 2006; Bulgarelli et al., 2012; Bonito
et al., 2014; Higo et al., 2020).

However, there is little information on the plant fungal
microbiota compared to the microbial microbiota (Michl et
al., 2023) and more specifically on the direct impact of tillage
techniques on endophytic fungi whose hyphal networks are

likely to be sensitive to disturbances caused by conventional
tillage practices. In this sense, we assume that the compo-
sition of the fungal root community of cereals and legumes
would be significantly specific to each crop and significantly
affected by tillage techniques, in terms of diversity, richness
and composition. More specifically, we assume that certain
taxa will be favored by the absence of tillage, while others
will be more predominant under conventional tillage.

The objectives of the present work are therefore to iden-
tify the endophytic fungi of the roots of cereals and legumes
grown in several stations in the semi-arid region. analyse the
richness and generic diversity of each community according
to the comparative effect between conventional tillage and
no-till, assess the importance of the effect of these tillage
techniques in relation to that of the nature of the crop (cereal,
legume), the site and their interactions.

Materials and Methods

Description of study sites

Field trials were carried out during the 2017-2018 ag-
ricultural period, at four experimental stations, located in a
semi-arid bioclimatic zone in the wilayas of Sétif and Bordj
Bou Arreridj (Wilaya: administrative entity equivalent to a
département) (Figure 1). These stations are run by the Institut

Station location zone

Fig. 1. Location of the study area (Ain Arnet, Beni Fouda, Madjana, Algeria) (Google Earth)



Tillage or no-tillage: impact on the root fungal community of cereals and legumes grown on several... 77

Technique des Grandes Cultures (I.T.G.C.) in Sétif, Algeria.
They are in their sixth year of comparing no-tillage with con-
ventional tillage, on cereal and legume crops grown on two
adjacent plots. The stations concerned are: (Ain arnet — Sétif)
cultivated by Triticum durum Desf/Pisum sativum L; (Beni
fouda — Sétif); cultivated by Triticum durum Dest/ Lens cu-
linaris; (Madjana 1- Bourdj Bou Arreridj) cultivated by 7rit-
icum durum Desf/ Lens culinaris;(Madjana 2- Bourdj Bou
Arreridj) cultivated by Triticum durum Desf/Vicia sativa L.

Experimental design

The variation factors studied were site, tillage and crop.
On each of the sites studied, the experiment involved two
types of tillage (no-tillage, conventional tillage) in associa-
tion with two types of crops (cereals and legumes). The ex-
perimental set-up is a split-plot over an area of 1.3 ha, with 2
types of tillage on the large plots and the type of crop in the
small plots. To characterize the endophytic fungi (isolation,
culture, identification), 3 samples were taken for each treat-
ment. Ploughing is carried out using a ploughshare and a cov-
ercrop. No-tillage is carried out using a Semeato seed drill.

Sampling method

Root sampling was carried out in March, during the veg-
etative growth period of cereals and legumes. To do this, a
quadrat of dimension (25 cm x 25 cm x 10 cm) was used,
thrown at random three times in each of the small plots, and
the root systems within each of these quadrats were sampled.

Isolation and cultivation of endophytic fungi

After drying the root biomass and separating it from the
rhizospheric soil and the rhizoplane, we selected twenty frag-
ments, about 1 cm long and 0.5 mm in diameter, at a depth
of 10 cm of the root systems, taken from each of the quadras.
These fragments are sterilised using the protocol of Schulz et
al. (1993), to eliminate the epiphytes that remain in the rhizo-
sphere. To do this, all the root fragments were washed under
running water to remove any remains of rhizoplan, then treat-
ed with ethanol (95%) for 2 min and bleach (99.99%) for 3
min respectively. This sterilisation is completed by a second
treatment with 95% ethanol for 30 seconds. Switching from
one treatment to another is done after rinsing with sterilised
distilled water. The root fragments are then inoculated on PDA
with chloramphenicol, at a rate of four fragments per Petri
dish. Finally, after four weeks’ incubation at room tempera-
ture, the colonies obtained were sampled and identified.

Identification des isolats fongiques endophytes
The identification of the different fungal genera is based
on the observation of microscopic characteristics, while

taking into account the morpho-cultural characteristics on
PDA, these include the general appearance of the colony
surface, its texture and pigmentation (Suryanarayanan et
al., 2003). Microscopic identification was performed by
observation with an optical microscope (Bently, Labscope,
LW Scientific 200), taking into account the morphological
characteristics of hyphae: partitioning, coloration, and re-
productive forms; fruiting bodies, spore shapes and colors
(Kim et al., 2011). This was also in reference to the generic
identification key of Morelet & Kiffer (1997) and Barnett
& Hunter (1998).

Variables measured during the study period
The percentage of colonization was calculated using the
formula of Pimentel et al. (2006):

(%) = (&) x 100
Nt ’

where: Nc — number of segments colonized by endophytes;
Nt — total number of segments.
Based on the frequency of occurrence of fungi, the Shan-
non-Wiener and Simpson biodiversity indices were estimat-
ed for fungal populations (Magurran, 1988) as follows;

H' =3, pinp;,

where: H' — Shannon-Wiener biodiversity index;

I— a fungal genus of the study environment.

P, — Proportion of a genus i compared to the total number
of genera (S), which is calculated as follows:

where: ni — number of individuals for genus /;

N — total number of individuals (all genera).

The Simpson biodiversity index (D) has been estimated
for fungal populations (Sagar & Sharma, 2012) as follows:

D=1- ijlp?’

where: D — Simpson’s biodiversity Index;

I — a fungal genus of study environment.

Pi: Proportion of a genus i compared with the total num-
ber of genera (S), calculated as follows:

ni
P T T
"N
where: ni — number of individuals for genus /;
N — total number of individuals (all genera).
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Statistical analysis was carried out using R software (R
Core Team, 2018). Means were compared using analysis
of variance (ANOVA), while the means of the treatments
were compared using the Student-Newman-Keuls multiple
comparisons of means test, p < 0.05 values were considered
significant; p < 0.01 highly significant and p < 0.001 highly
significant.

Results

Root fungal phylum composition

After identifying the endophytic fungal community pres-
ent on 960 root fragments, percentages were calculated to
illustrate the phyla identified on these roots from cereal and
legume seedlings grown on four stations with a comparative
effect between no-tillage and conventional sowing. On the
basis of these results, the fungal community shows a predom-
inance of the genus Ascomycota contributing to (~86.05%
+ 13.94%; Figure 2) on all the roots and a presence of the
genus Zygomicota on very few of them with a variation of 0
+ 11.41% (Figure 2). The remainder are unidentified strains
(UNS), which appear on most of the roots studied, with a
variation of 0% + 27.89% (Figure 2).

The relative abundance of the phyla making up these root
fungal communities differs significantly according to the type
of tillage used (Ascomycota: p > 0.05; Zygomycota: p > 0.05;
UNS: p < 0.05) and according to the comparative effect be-
tween cereals and legumes (Ascomycota: p < 0.001; Zygomy-
cota: p > 0.05; UNS: p < 0.05). Significant variations were
also obtained between the different stations (4scomycota: p >
0.05; Zygomycota: p > 0.05; UNS: p <0.05), because the fungi
identified on the roots from the Ain arnet station are character-
ized by belonging entirely to the Ascomycota phylum. Unlike
those identified on the roots from the Beni fouda station char-
acterized by fungi belonging to the Ascomycota phylum and
unidentified strains (UNS), in addition to Zygomycota for the
two Madjana 1 and Madjana 2 stations. Overall, the structure

of this fungal community is essentially down to the crops, be-
cause the Ascomycota phylum, which is very abundant, has
only been affected by the latter. As for the interaction effects
of these factors, significant effects were obtained in the case of
the interaction of tillage techniques with the station (4scomy-
cota: p>0.05; Zygomycota: p>0.05; SNI: p <0.05) and in the
case of crop interaction with stations (4scomycota: p < 0.05;
Zygomycota: p > 0.05; SNIL: p > 0.05).

Variation in generic fungal richness and diversity be-
tween tillage techniques, crops and sites

Tillage techniques had no significant impact on the rich-
ness and diversity of fungal genera obtained on the differ-
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Fig. 2. Phylum composition of fungal communities (%)
in the roots of cereals and legumes grown under no-till-
age and conventional tillage, at different stations
(UNS: unidentified strains; NT: no-tillage;

CT: conventional tillage)

Table 1. Variation in the richness and diversity of generic fungi as a function of tillage, crop and station factors

Factors Factors groups Generic Richness Simpson’s index (D) Shannon’s index (S”)
Tillage CT 1.97£0.10 ns 0.41£0.03 ns 0.53+£0.04 ns
NT 1.77 £ 0.09 ns 0.38 £ 0.03 ns 0.45+0.04 ns
Crops Cereal 2.10+0.09a 0.36 £ 0.02 ns 0.57+0.04 a
Legume 1.65+0.10 b 0.43 +0.03 ns 0.41+0.04b
Ain arnet 1.35+0.12a 0.35+0.05 ns 0.28+0.05a
Station Beni fouda 1.72+0.12 ab 0.37 £ 0.04 ns 0.44 + 0.05 ab
Madjana 1 225+0.14 ¢ 0.43 +0.04 ns 0.59+0.06 b
Madjana 2 2.18 £ 0.13 bc 0.43 £0.03 ns 0.63 £0.06 b

All values are means + SEM, SEM: standard errors of the mean, means followed by different letters in the same column are significantly different (p < 0.05),
ns: not significant, CT: Conventional tillage, NT: no-tillage
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Table 2. Variation in the richness and diversity of generic fungi as a function of the interaction of tillage, crop and site

factors

Factors Factors groups Generic Richness Simpson’s index (D) Shannon’s index (S”)
CT Cereal 2.28+0.13 ns 0.39 £ 0.03 ns 0.65 £ 0.06 ns

T*C CT Legume 1.67+0.15 ns 0.41 £ 0.05 ns 0.41 +0.06 ns
NT Cereal 1.92+0.13 ns 0.33 +0.04 ns 0.49 £+ 0.06 ns
NT Legume 1.01 £0.12 ns 0.44 £ 0.04 ns 0.41 £ 0.05 ns
CT Ain arnet 1.40+0.21a 0.38+£0.07 ns 0.30 = 0.08 ns
CT Beni fouda 1.67+0.18 ab 0.37 £ 0.06 ns 0.42 +0.08 ns
CT Madjana 1 2.23+0.19 be 0.38 £ 0.05 ns 0.59 = 0.08 ns

T*S CT Madjana 2 2.60+£0.18 ¢ 0.49 + 0.04 ns 0.80 £ 0.07 ns
NT Ain arnet 1.30+£0.14a 0.32 £ 0.06 ns 0.27 £ 0.06 ns
NT Beni fouda 1.77+£0.17 ab 0.36 = 0.05 ns 0.46 = 0.07 ns
NT Madjana 1 2.27+0.22 be 0.48 + 0.05 ns 0.60 + 0.09 ns
NT Madjana 2 1.77 +0.16 ab 0.37 +0.05 ns 0.46 +0.07 ns
Cereal Ain arnet 1.80+0.16 b 0.27+0.05a 0.43 +0.08 ab
Cereal Beni fouda 1.83+£0.15b 0.29 £ 0.05 ab 0.45+0.08 ab
Cereal Madjana 1 2.66+1.22¢ 0.53+0.04 b 0.81+0.08 ¢

c's Cereal Madjana 2 2.10 +0.15 be 0.37 +0.04 ab 0.60 + 0.08 bc
Legume Ain arnet 0.90+0.15a 0.44 £ 0.08 ab 0.15+0.06 a
Legume Beni fouda 1.60+1.19 ab 0.45 £ 0.06 ab 0.43+0.07 ab
Legume Madjana 1 1.83+0.17b 0.33 +0.05 ab 0.38 +0.07 ab
Legume Madjana 2 226+ 1.22 be 0.48 £ 0.05 ab 0.68 +0.08 be
CT Cereal Ain arnet 2.13 +£0.29 bee 0.34 +0.08 ns 0.56 + 0.13 bee
CT Cereal Beni fouda 2.13+0.25 bee 0.37+0.07 ns 0.60 +0.12 bee
CT Cereal Madjana 1 2.60 £0.29 ce 0.47 + 0.06 ns 0.78 £0.11 ce
CT Cereal Madjana 2 2.26 £0.21 bee 0.42 + 0.06 ns 0.68 + 0.10 bece
NT Cereal Ain arnet 1.46 +0.13 ac 0.20 + 0.06 ns 0.29 +0.08 ac
NT Cereal Beni fouda 1.53+0.16 ac 0.21 +0.06 ns 0.31 +£0.09 ac
NT Cereal Madjana 1 2.73 +0.33 de 0.58 + 0.06 ns 0.84 +0.12 de

T C'S NT Cereal Madjana 2 1.93 +0.23 bee 0.32 +0.06 ns 0.50 £ 0.11 ace
CT Legume Ain arnet 0.66+0.16 a 0.43+0.12 ns 0.04+0.04 a
CT Legume Beni fouda 1.20 £ 0.20 ab 0.38 £0.09 ns 0.25+0.08 ab
CT Legume Madjana 1 1.86 = 0.24 bee 0.30+0.07 ns 0.42+0.10 acd
CT Legume Madjana 2 2.93+0.28¢ 0.55 +0.05 ns 0.93+0.10e
NT Legume Ain arnet 1.13+£0.24 ab 0.44+0.10 ns 0.25+0.09 ad
NT Legume Beni fouda 2.00 + 0.29 bee 0.52+0.07 ns 0.60 + 0.11bce
NT Legume Madjana 1 1.80 + 0.24 ace 0.37 +0.08 ns 0.35+0.10 acd
NT Legume Madjana 2 1.60 £ 0.23 acd 0.42 +0.08 ns 0.42 +0.09 ace

All values are means + SEM, SEM: standard errors of the mean, means followed by different letters in the same column are significantly different (p < 0.05),
ns: not significant, CT: Conventional tillage, NT: no-tillage, T: tillage, C: crops, S: station

ent roots (p > 0.05). However, significant variations were
obtained between crops for generic richness (p < 0.05) and
Shannon’s diversity index (p < 0.01). And between the var-
ious stations; Generic richness: p < 0.001; Shannon index
(S’): p<0.001 (Table 1). It is important to note that tillage
techniques have a highly significant effect on generic rich-
ness (p < 0.01) and the Shannon diversity index (p < 0.01)
in the case of their simultaneous interaction with crops and

stations (T*C*S), and generic richness (p < 0.05) in the case

of their interaction with the station effect (T*S) (Table 2).

Variation in fungi genera

Tillage effect

The results show a dominance of the genus Fusarium on
all the roots from no-tillage and conventional tillage (Figure
3). However, these results show a significantly higher pres-



80  Nadia Madi-Djedid, Mohammed Said Metahri and Noria Saadoun

ence of 3.39% for the genus Aspergillus and 4.41% for un-
identified strains (UNS), on no-tillage roots compared with
conventional roots. There was also a significant reduction of
8.97% in the Alternaria genus on no-tillage roots compared
with those grown under conventional tillage.
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Fig. 3. Effect of tillage practices on the relative
abundance of different fungal genera

Crop effect

The comparative effect between cereals and legumes
showed significant differences in some fungal genera: Fu-
sarium, Aspergillus, and unidentified strains (UNS) (Figure
4). More specifically, the Fusarium genera were found to
decrease significantly on legume roots by 14.62%, unlike
unidentified strains (UNS), which are significantly more
abundant on legume roots by 5.22%. Fungi of the genus 4s-
pergillus only appear significantly on legume roots, with an
abundance of 3.65%.
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Fig. 4. Effect of crop type on the relative abundance
of fungal genera

Station effect

The results of the comparative effect between the differ-
ent stations (Figure 5) show a predominance of the genus
Fusarium on all the stations studied, with a variation from
33.59% to 70.21%. Some fungi are also present in all the sta-
tions: Penicillium (from 2.72% to 10.79%), Pochonia (from

6.68% to 13.64%) and Alternaria (from 4.90% to 15.37%),
although significant variation was only obtained for the A/-
ternaria genus. The other fungal genera identified are less
abundant and specific to some sites, such as the genus As-
pergillus, which was identified exclusively at the Madjana 1
station, with a significant abundance of 6.43%.
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Figure 5. Effect of stations on the relative abundances
obtained for each fungal genus

The comparative effect between tillage, crops and sta-
tions

Tillage techniques have a significant impact on certain
fungi, in the case of their interactions with the other factors
studied (Figure 6). In fact, tillage techniques have a signifi-
cant impact on the genera; Aspergillus (p < 0.05), Acremo-
nium (p < 0.05) et Pochonia (p < 0.05) in the case of their
interactions with the nature of speculation T " C. They also
have significant effects on the genera; Aspergillus (p < 0.
001), Penicillium (p < 0.05), Pochonia (p < 0.05), Fusarium
(p <0.01) and Ulocladium (p < 0.05) in the case of their in-
teractions with the station factor T"S. In addition, the simul-
taneous interaction of tillage techniques with these last two
factors also produced significant effects on fungi of the ge-
nus Ulocladium (p < 0.05), Aspergillus (p < 0.001) et Alter-
naria (p <0.05). As for the interaction between the effects of
stations and crops S*C, the results indicate that Aspergillus
(p < 0.001) et Chaetomium (p < 0.005) varied significantly
between these two treatments (Figure 6).

Discussion

The results obtained show that tillage has no profound
effect on root fungal communities, because the distribution
pattern of the fungi making up these identified communi-
ties essentially comes back to the stations monitored by the
crops. In this sense, our results go against the work of Hart-



Tillage or no-tillage: impact on the root fungal community of cereals and legumes grown on several... 81

NT Legume Madjana 2
CT Legume Madjana 2
NT Cereal Madjana 2
CT Cereal Madjana 2
NT Legume Beni fouda
CT Legume Beni fouda
NT Cereal Beni fouda
CT Cereal Beni fouda
NT Legume Ain arnet
CT Legume Ain amet
NT Cereal Aint arnet
CT Cereal Ain amet
NT Legume Madjana 1
CT Legume Madjana 1
NT Cereal Madjana 1
CT Cereal Madjanal
Legume Madjana 2
Cereal Madjana 2
Legume Beni fouda
Cereal Beni fouda
Legume Ain arnet
Cereal Ain arnet
Legume Madjana 1

Cereal Madjana 1

NT Madjana 2

CT Madjana2

NT Beni fouda

CT Beni fouda

NT Ain amet

CT Ain amet

NT Madjana 1

CT Madjana 1

NT Legume

CT Legume

NT Cereal

CT Cereal

H
|

B dcremoniion

m Penicillitm
Pochonia
Fusariwon

u Ulocladium

0 Aspergillus

m Cladosporiton
Chaetomin

n dltermaria

u Riyzopus
m Histoplasma

m Nigrospora

u Bipolaris
Absidia
B UNS

|
l
il

I
il
il

o 4
[s*]
[=]

40

60 80 100
Relative abundance %

Fig. 6. Effect of the interaction of tillage techniques, crops and stations on fungal genera
(CT: Conventional tillage; NT: no-tillage)

man et al. (2018) and Kia et al. (2019) who confirmed that
tillage techniques induce profound disturbances on the root
fungal community. Furthermore, very little work has been
done on the direct impact of tillage on endophytic fungi at
root level (Michl et al., 2023). Unlike the soil, where sever-
al studies have examined how this work affects its microbi-
ome, considered to be the main vector for the transmission
of endophytic fungi to roots. For example, Sharma-Poudyal

et al. (2017) found that ploughing had an impact on fungal
communities, but many of these fungi were not affected by
no-tillage, presumed to be a generalist niche. Although we
did not specifically study fungi at soil level, we consider that
our results are consistent with this finding, since the com-
position of the soil microbial pool is a determining factor
in the composition of root microbial communities (Haney et
al., 2015).
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This suggestion thus confirms the richness and notable ge-
neric fungal diversity obtained between the different stations.
Since fungal contamination of plants and the performance re-
sulting from their contamination can be affected by limiting
factors in the soil (Milleret et al., 2009). More specifically,
the minor effect of tillage techniques observed in this study
is reflected in the absence of their direct effects on Shannon
and Simpson fungal richness and diversity and by the reduced
number of fungal genera directly affected by no-tillage, name-
ly Alternaria, Aspergillus and UNS. Consequently, the resis-
tance of the remaining fungal genera to no-tillage practices
may lie with members of the central soil microbium (Shade et
al., 2012), transmitted to the roots and which confers stability
on the soil biological community as a response to disturbances
(Rykiel & Edward, 1985). Similarly, the fungal community
identified on all the roots is characterised by a dominant abun-
dance of Asocmycota, considered to be the main players in the
degradation of crop residues (Ma et al., 2013).

The type of tillage was not a determining factor in their
relative abundance, unlike the comparative effect between
cereals and legumes. since fungi of the genus Fusarium are
the dominant genus of these Ascomycota, and their relative
abundance decreases significantly on legume roots compared
with cereal roots. It is interesting to note that these fungi are
very prevalent at the four stations studied, they are considered
to be bio-indicators of the ecological transition that is unfold-
ing over time (Elmholt, 1996). This is because high levels of
crop contamination have been reported, mainly in the case of
no-tillage, due to the inoculum present mainly in crop residues
(Miller et al., 1998; Baliukoniene et al., 2011). This finding
suggests the need to apply no-tillage over the long term in or-
der to have a similar effect on all the stations studied. The ben-
eficial presence of these fungi lies in their role in improving
the living conditions of crops grown in such an environment
marked by severe climatic stress. In addition, their simultane-
ous presence with fungi of the Pochonia genus confers posi-
tive effects on host plants while competing with other fungal
colonisers. In addition, their simultaneous presence with fungi
of the Pochonia genus confers positive effects on host plants
while competing with other fungal colonisers. As has already
been demonstrated with regard to the incidence of barley dis-
ease caused by the pathogen Gaeumannomyces graminis var.
tritici (Macia-Vicente et al., 2009). With regard to the results
obtained from the simultaneous effect of tillage techniques,
stations and crops.

The significant presence of the genus Aspergillus on the
roots of no-tillage legumes grown at Madjana 1, may be due
to the presence of inoculum in crop residues and to changes
in soil properties caused by these residues (Nesci et al., 2006;
Zablotowicz et al., 2007; Essel et al., 2018). Moreover, the

exclusive presence of Aspergillus in the Madjana 1 station,
may be due to environmental conditions in the soil, linked to
pH, electrical conductivity, nitrogen, carbon and saturation,
which govern the transfer of these fungi from the soil to the
plant (Hiba et al., 2015). As for the results relating to the sig-
nificant and exclusive presence of the genus Ulocladium on
the roots of conventionally sown legumes at Madjana 2, and
a significant reduction in the Alternaria genus on the roots of
no-tillage legumes and cereals. They may be due to environ-
mental changes in the soil brought about by no-tillage tech-
niques and the crop grown, since plants release substances,
such as bioactive phytochemicals that have a direct effect
on the fungi growing in their rhizospheres. In this sense, the
significant reduction in the Fusarium genus obtained in le-
gumes can be explained by the micro-organisms hosted in
their nodules, which control the development of pathogens
in a sustainable way (Bahroun et al., 2017). This has had a
direct impact on the Pochonia genus.

For the abundance of UNS is significantly high in le-
gumes, this can be explained by their ability to form numer-
ous symbiotic associations with several fungi (Graham &
Vance, 2003). Therefore, these results are in agreement with
Harthman et al. (2018) who show that the root fungal com-
munity is directly related to vegetation type and according to
Dudeja et al. (2012) and Gundel et al. (2012), it also depends
on the fungal species, the host genotype and its stage of de-
velopment. This shows the importance of including legumes
in cereal crop rotations, because they are an essential lever
for improving production by modifying root fungal diversi-
ty (Borrell et al., 2017). What’s more, adding no-tillage to
these cultivation techniques is a management strategy that
can bring about changes in plant metabolism, which results
in the production of secondary metabolites, which determine
the passage of certain fungal genera from the soil to the plant
(Zukiewicz-Sobczak et al., 2012).

Conclusion

Fungal communities identified on cereal and legume roots,
from semi-arid zones are mainly composed of strains of the
genus Fusarium, known for their role in improving the living
conditions of crops, in the face of the region’s biotic and abi-
otic constraints. The distribution pattern of the fungi that make
up these communities depends essentially on the type of site
and is followed by the type of crop. As for tillage techniques, a
large proportion of these fungi were not affected by their direct
effects, comparatively in the case of their interactions with the
station and the crop. It is therefore assumed that these fungi
belong to a central soil microbiome, resistant to disturbance,
mainly transmitted to the roots, under the effect of the environ-
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mental conditions of the soil and the additional effects of the
host. Consequently, understanding the abundance patterns of
tillage-sensitive fungi, is a strategy for managing endophytic
fungi as part of intelligent agriculture.
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