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Abstract

Mycorrhizal association contributes to plant growth, influencing tolerance to abiotic stresses such as water
deficit. There is considerable variation in infection by arbuscular mycorrhizal fungi (AMF) in cultivars of the
same crop, but there is little information regarding these differences in wheat. The objective of this work was to
evaluate the influence of water deficit on the arbuscular mycorrhizal association in wheat genotypes in the
Cerrado region and the association between soil attributes and mycorrhizal colonization. The experiment was
conducted in a no-till system, using different water regimes. The experimental design was a randomized block
with subdivided plots scheme, with 12 treatments and 3 repetitions. The plots consisted of 4 wheat genotypes
and the subplots included 3 water regimes. Mycorrhizal colonization, soil microbial biomass carbon, total soil
organic carbon, easily extractable glomalin-related soil protein, spore number and AMF species diversity were
evaluated. Mycorrhizal colonization was not influenced by wheat genotypes, but it was favored by the higher
water regime, being 44.8% higher when compared to the lower water regime. The soil moisture was positively
correlated with the soil attributes with the exception of the number of AMF spores. The community of AMF
associated with wheat genotypes was similar, comprising of 12 species, predominantly Claroideoglomus
etunicatum and Glomus macrocarpum. The low variation among wheat genotypes for AMF diversity suggests no
selective influence of the plants on the AMF community in the area of the study. Water regime was shown to be a
dominant factor in mycorrhizal association.
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1. Introduction

Water availability is one of the environmental variables that are crucial for agricultural production. This resource
is at the center of the concerns of farmers, since climate change projections point to an increase in the number of
consecutive days of drought, with possible effects in the regions with the highest water demand for agriculture,
such as the Brazilian Cerrado (Avila-Diaz et al., 2020). This region is home to 43% of the area of grain crops in
Brazil (CONAB, 2021), but developing strategies capable of overcoming the cultivation limits in the winter
period due to low rainfall represents an important possibility to increase production without expanding the area
already cultivated. In non-irrigated systems, these strategies can collaborate to the implementation of the
so-called “safrinha” crop, which occurs exactly in periods of lower water availability.

Wheat (Triticum aestivum L.) is one of the most cultivated and consumed cereals in the world (Takeiti, 2015;
Wang et al,, 2012) and has been managed in non-irrigated systems during the period of greater rainfall
availability in the Brazilian Cerrado. In the 2021 crop season, the total area planted in this region was of 106,600
hectares, which represented an increase of 84.7% from the previous harvest (CONAB, 2021). The occurrence of
high rainfall in the summer period associated with favorable edaphic conditions (e.g., porous and deep soils,
smooth topography and improved fertility), as well as the favorable geographical location for distribution and
commercialization, has driven wheat cultivation in the region (Condé et al., 2009; Galindo et al., 2015).
Breeding programs have been developed in the region seeking to adapt cultivars with lower water demand, with
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the purpose of enabling cultivation also in the period of greater irregularity in the amount and distribution of
rainfall (Soares et al., 2021).

Associated with breending programs, the selection of cultivars capable of symbiosis with arbuscular mycorrhizal
fungi (AMF) may be important due to the recognized contribution of these fungi in the ability of cultivated
plants to tolerate periods of reduced rainfall (Bernardo et al., 2019). This contribution is related to the greater
water uptake area by the extraradicular hyphae of AMF, with facilitated access to soil micropores that results in
greater water flux in the apoplasm (Bérzana et al., 2012a; Chitarra et al., 2016). AMF also stimulate root
exudation, especially from the release of glomalin, resulting in increased soil aggregation in the rhizosphere,
minimizing the negative effects promoted by rainfall shortages (Cheng et al., 2021). Arbuscular mycorrhizal
association also favors microbial biomass and soil carbon accumulation (VI¢ek & Pohanka, 2020). The
composition of the AMF community influences the functionality of symbiosis in different ecosystems, such as
agroecosystems (Castillo et al., 2016), with limited knowledge on the relationship between the AMF community
and the plants’ response to symbiosis by assessing mycorrhizal colonization (Léon et al., 2020).

The benefits arising from mycorrhizal association for cultivated plants are of great interest for sustainable
agricultural production and are directly regulated by environmental conditions, with agricultural management
practices being considered as the main regulator (Barea, 2015). Variations in AMF infection among cultivars
have been reported in the literature (Lehnert et al., 2017; Nahar et al., 2020). The selection of wheat cultivars
with higher capacity of association with AMF may be important to determine the most suitable materials for
cultivation in the Brazilian Cerrado during the period of lower rainfall occurrence. Keeping this in view, the
objective of the present work was to evaluate the influence of dryland wheat genotypes submitted to water stress
on the dynamics of arbuscular mycorrhizal symbiosis under field conditions in the Brazilian Cerrado and the
association between soil attributes and mycorrhizal colonization.

2. Material and Methods
2.1 Characterization and History of the Experimental Area

The experiment was conducted between June and September of 2016, in the experimental field of Embrapa
Cerrados, in Planaltina, DF. The experimental field was located in the following geographical coordinates:
latitude 15°35'30" South and longitude 47°42'30" West, altitude 1000 m, on a typical dystrophic Red Latosol
with clayey texture (Soil Survey Staff, 2010).

The climate of the region, according to the Koppen classification, is seasonal tropical Aw type with two
well-defined seasons: a dry period in the fall and winter; a rainy period in the spring and summer with possible
occurrences of “veranicos™'. The average annual temperature is 20.5 °C with precipitation of 1538 mm (Figure

).
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Figure 1. Climatological data of average temperature and accumulated monthly precipitation of the Federal
District region (Climatological Normal 1961-1990)

Source: INMET (2019).
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The area was cultivated with wheat in a no-till system for 10 years with the same cultivars selected for this study
in winter (May to September), and in summer (October to April), soybean-bean rotation was performed. The
chemical characterization of the soil in the 0-20 cm layer, sampled before the experiment was set up was: pH
(H,0) = 6.36; Organic matter = 21.6 g dm >, P (Melich-1) = 7.23 mg dm™; K, Ca, Mg, H + Al and CTC: 0.35;
3.01; 1.72; 3.47 and 8.55 cmol, dm™, respectively.

2.2 Experimental Design and Execution of the Experiment

The experimental design was a randomized block with subdivided plots scheme, with 12 treatments and 3
repetitions. The plots were composed of four rainfed wheat genotypes and the subplots were composed of three
water regimes.

The wheat genotypes used were: (1) BRS 404: Dryland material, tolerant to drought, heat, and toxic soil
aluminum. Bread-type commercial grade. Obtained from crossing the Alianga cultivar and the WT 99172 strain
(Silva et al., 2015); (2) Brilhante: dryland material, tolerant to drought, bread-type commercial class. It was
obtained from the PF 8640 strain and the BR 24 cultivar. It presents abundant root system, a desirable
characteristic for the efficient use of water under conditions of hydric deficiency (Franco & Evangelista, 2018);
(3) PF 020037: strain selected under dryland conditions. It presents intense waxiness in the leaves and stems, a
natural mechanism for drought tolerance; 4) PF 080492: dryland material from the southern region of the country,
however it adapted well in the Midwest region.

The subplots consisted of variable water regimes, lower than the replenishment of crop evapotranspiration (ETc).
Irrigations were performed as described in the Brazilian Cerrado irrigation monitoring program (Embrapa, 2011),
by replacing evapotranspiration, using agrometeorological indicators of the region, the soil type and the date of
full emergence of the plants. Three water regimes corresponding to 96, 68 and 6% of ETc replacement were
considered (L96, L68 and L6). The variable water regimes were obtained by adapting an irrigation bar with a set
of sprinklers with different flow rates, in a declining pattern. It was coupled with a reel with adjustable speed in
order to apply the desired volumes (Hanks et al., 1976).

The sowing occurred on June 1, 2016, and the useful area of each plot (wheat genotypes) was of 18 m* (18 m
long by 1 m wide). They were installed perpendicular to the irrigation bar. The subplots consisted of 1 m* (1 m
long by 1 m wide) located in the position of the water regime adopted within each plot. The plant density was of
350 plants m™.

Prior to the experiment setup, the soil was treated with glyphosate herbicide to control weeds. According to the
chemical analysis of the soil, the fertilizer recommendation at planting was of 441 kg ha" of mixed mineral
fertilizer 04-30-16. At the beginning of the crop tillering, nitrogen fertilization was performed with 100 kg ha™ of
nitrogen in the form of urea. Thirty days after emergence, the treatments received an application of 0.5 L ha™ of
trinexapaque-ethyl as a growth regulator.

Until 30 days after planting, the plots received the same water volume, accumulating 134.1mm (including
precipitation). After this time, on the 35th day after planting, irrigation began with variable water regimes, using
irrigation bars with different flow rates. Fourteen irrigations were applied at different volumes according to the
corresponding treatments (L96, L68 and L6) until the end of the crop cycle (Figure 2).
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Figure 2. Water regimes applied during the period between days 35 and 71 after planting, based on the crop
evapotranspiration replenishment (Rep ETc) in different hydric regimes and different wheat genotypes in a Red
Latosol in the Brazilian Cerrado

On average, the water regimes applied during this period were of 33, 23 and 2 mm for L96, L68 and L6
respectively, accumulating a total volume of 599, 462 and 164 mm for the total crop cycle (Figure 3).
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Figure 3. Diagram representing the average applied volumes and total accumulated volume during the cycle of
different wheat genotypes on a Red Latosol in the Brazilian Cerrado

The monitoring of the volumes applied after each irrigation was performed by distributing plastic collectors
installed perpendicular to the irrigation bar. With this, we determined the actual volumes (mm) applied in the
treatments at each irrigation.

2.3 Collection and Analyzed Variables

Approximately 72 days after seedling emergence, during the flowering period, soil and root samples were
collected. Soil was collected in the rows of the planting, in the 0-10 cm layer, in a composite sample of five
sub-samples. The wheat roots were collected from 5 random plants within each experimental plot. The materials
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were immediately sent to the laboratory, the soil samples were kept in a cold chamber at 4°C and the roots were
kept in a 70% alcohol solution. A portion of the soil samples was used immediately after collection for moisture
determination using the gravimetric method (Black, 1965).

Soil microbial biomass carbon (MBC) was determined using the fumigation-extraction method proposed by
Vance et al. (1987). For this, the samples were incubated at 80% of field capacity for 7 days and, after this period,
half of the samples were fumigated with CHCl; for 24 h. A solution of K,SO, 0.5 mol L' was used as extraction
solution and the oxidation of organic carbon employed K,Cr,0; 0.4 0.166 mol L solution in acidic medium.
The amount of MBC was determined by the difference between the carbon extracted from fumigated and
non-fumigated soil, using the correction factor kec = 0.379, according to Vance et al. (1987).

Total soil organic carbon (TOC) was determined according to the methodology described by Walkley and Black
(1934), by oxidation with K,Cr,O; 0.166 mol L' and titration of the remaining Cr® with Fe (NH4)2(S0O4),-6H,0
approximately 0.5 mol L™

The determination of easily extractable glomalin-related soil protein concentration (GRSP-EE) was performed
according to the methodology described by Wright and Upadhyaya (1996), from extraction of 1 g of TFSA
(air-dried fine soil) with 8 mL of Na3;CsHsO; 20 mmol L, at pH 7.0, at 121 °C, for 30 minutes. The samples
were centrifuged (5000 rpm, 10 min) and the concentration of GRSP-EE in the supernatant was determined by
the Bradford essay (1976) on optical density of 595 nm using bovine serum albumin (BSA) as the standard
protein.

The rate of mycorrhizal colonization was evaluated by bleaching the roots and staining the fungal structures
according to Phillps and Hayman (1970). The bleaching was performed with KOH 0.1 mol L™, in water bath,
followed by the staining of the AMF structures with trypan blue solution. To determine the colonization rate, a
grid plate and stereoscopic microscope were used, according to Giovannetti and Mosse (1980).

The number of AMF spores in the soil was determined by the wet sieving method proposed by Gerdemann and
Nicolson (1963), with a few adaptations. To recover the largest number of spores retained in the soil aggregates,
the soil sample (50 cm®) was shaken in a blender with tap water for 30 seconds and, after soil decantation, the
suspension was disposed on sieves with 1000 and 45 um mesh. The material retained on the 45 um sieve was
placed in centrifuge tubes with water and centrifuged (3000 rpm, 3 min). The supernatant was discarded, and a
new centrifugation (2000 rpm, 3 min) was performed with 50% sucrose solution. The supernatant was recovered
for spore counting using a channel plate and stereoscopic microscope.

Taxonomic identification of AMF species was performed through morphological characterization (color, shape,
size, among other characteristics) of the healthy spores extracted from the spore density analysis. Permanent
slides were made in PVLG (Polyvinyl-Lactoglycerol) and PVLG + Melzer’s reagent medium. The identification
of AMF species was conducted with the help of the database provided by the International Collection of
Arbuscular and Vesicular-Arbuscular Mycorrhizal Fungal Cultures of West Virginia University (INVAM, 2021)
and the Department of Plant Pathology of the Agricultural University of Szczcin Poland (Janusz, 2019), both
available on their corresponding websites.

2.4 Statistical Analysis
The data were submitted to variance analysis and the means were compared using Tukey’s test (p < 0.05) with

the Sisvar 5.6 statistics software (Ferreira, 2010). The spore number and mycorrhizal colonization data were
transformed in log X + 1 and (arc sen %/100) x 0.5, respectively.

3. Results
3.1 Soil Microbiological Attributes and Mycorrhizal Symbiosis

The cultivation of the different wheat genotypes resulted in similar effect on MBC, TOC, GRSP-EE contents,
mycorrhizal colonization and AMF spore density (Table 1). However, the water regimes affected the contents of
MBC, TOC, GRSP-EE and mycorrhizal colonization. In relation to the water regimes, the highest averages for
MBC (284 mg kg'), TOC (21 mg kg'), GRSP-EE (6 mg g') and colonization rate (42%) were observed in
treatment L96.
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Table 1. Microbial biomass carbon (MBC); total organic carbon (TOC); easily extractable soil protein related to
glomalin (GRSP-EE); mycorrhizal colonization rate (MC) and number of spores (Spores) in a red Latosol with
different wheat genotypes and water regimes, in the 0-10 cm layer

Wheat genotypes MBC TOC GRSP-EE MC Spores
mg kg™ solo g kg™ solo mg g’ solo % n.° 50 cm™
Brilhante 236 19 4.9 32 190
BRS 404 223 20 4.6 35 241
PF 020037 261 20 5.0 33 281
PF 080492 208 19 4.6 37 296
e 2842 214 6.0a £2a 24
L68 220b 20b 4.6b 33 ab 239
L6 191b 19b 3.6¢c 29b 294
ol 5 9 T VR s
CV2 (%) 28 7 13 18 62

Note. The means followed by the same letter in the column do not statistically differ using Tukey’s test (p < 0.05).
CV1: coefficient of variation related to the wheat genotypes; CV2: coefficient of variation related to the water
regimes. L96, L68, and L6 correspond to the volumes 96, 68, and 6% of ETc replenishment, respectively. Data
transformed into (log X + 1) for spore density and (arc sen %/100) x 0.5 for mycorrhizal colonization rate.

On water regimes L68 and L6, a significant reduction in MBC contents on the order of 22.5 and 32.7%,
respectively, compared to L96, was observed. For TOC, reductions of 5 and 9.5% were observed at L68 and L6,
compared to L96. GRSP-EE contents were reduced by 23.3 and 40% in L68 and L6, respectively, while
mycorrhizal colonization rates were reduced by 21.4 and 30.9%. Soil moisture positively influenced the increase
in the contents of the soil attributes evaluated, except for the number of AMF spores (Table 2). GRSP-EE was
the attribute that had the highest correlation with soil moisture (0.721%*).

Table 2. Pearson’s correlation in the attributes of a Red Latosol with different wheat genotypes and water
regimes, in the 0-10 cm layer

Soil Moisture MBC TOC GRSP-EE MC Spores
Soil Mosture 1 0.470" 0.497" 0.721" 0.473" -0.177
MBC 1 0.401" 0.380" 0.068 -0.160
TOC 1 0.524" 0.224 -0.019
GRSP-EE 1 0.453" -0.185
MC 1 -0.277"
Spores 1

Note. MBC = Microbial biomass carbon; TOC = Total organic carbon; GRSP-EE = Glomalin-related soil
protein-easily extractable; MC = Mycorrhizal colonization.

3.2 Occurrence and Distribution of Arbuscular Mycorrhizal Fungi Species

Twelve species of AMF were observed in the obtained samples, ten of which could be identified at species level
and two at genus level. The species that occurred in all experimental plots were Claroideoglomus etunicatum and
Glomus macrocarpum (Table 3), both with higher frequency of spores (100%). The species Ambispora
leptoticha, Scutellospora gregaria and Gigaspora sp. had the lowest spore frequency values (42, 50 and 50%,
respectively). The species Acaulospora mellea, Acaulospora rehmii, Acaulospora scrobiculata, Glomus
clavisporum, Glomus microagregatum, Glomus sp. and Scutellospora cerradencis were also identified, showing
varying occurrences in the studied areas.

In the plots cultivated with the genotype Brilhante, the species Acaulospora rehmii, Glomus sp. and Gigaspora
sp. were observed only at the lowest water regime (L6), and the species Acaulospora mellea and Ambispora
leptoticha only at the intermediate water regime (L68). Of the 12 species identified, 5 were present at all water
regimes (Claroideoglomus etunicatum, Glomus macrocarpum, Acaulospora scrobiculata, Glomus clavisporum
and Scutellospora gregaria).
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Among the wheat genotypes, only in the genotype PF 020037, the influence of only one of the water regimes (L6)
was found in the specific presence of the species Ambispora leptoticha, Scutellospora gregaria and

Scutellospora cerradencis. On the other hand, for this same genotype, Claroideoglomus etunicatum, Glomus

clavisporum, Glomus macrocarpum and Gigaspora sp. were found in all water regimes.

In the plots cultivated with the BRS 404 genotype, the species Glomus clavisporum was observed only at the
lowest water regime (L6) and the species Acaulospora mellea only at the highest one (L96). Like the areas
cultivated with the other genotypes, the species Claroideoglomus etunicatum and Glomus macrocarpum were
observed in all the water regimes.

In the plots cultivated with the genotype PF 080492, the species Glomus microagregatum and Gigaspora sp.
were observed only at the intermediate water regime (L68) and the species Ambispora leptoticha was observed
only at the highest one (L96). Similar to the areas cultivated with the genotype Brilhante, five of the 12 identified
species were present in all the water regimes (Acaulospora mellea, Acaulospora scrobiculata, Claroideoglomus
etunicatum and Glomus macrocarpum).

Considering the influence of the water regimes on the distribution of AMF species, the presence of the 12
identified species was observed in at least one of the wheat genotypes. In treatment L6, the greatest number of
the most frequent species was found, which were Acaulospora scrobiculata, Claroideoglomus etunicatum,
Glomus clavisporum and Glomus macrocarpum. Glomus microagregatum was the species with the lowest
frequency, found only in the subplot cultivated with the genotype BRS 404.

The species with higher frequency in the intermediate water regime (L68) were similar to those observed in
treatment L6, except for Glomus clavisporum. Two species presented the lowest frequency: Ambispora
leptoticha and Scutellospora gregaria, both occurred only in the subplot cultivated with the genotype Brilhante.

In treatment 196, only Claroideoglomus etunicatum and Glomus macrocarpum species presented higher
frequency, also observed in the other water regimes. The species that presented the lowest frequency was
Gigaspora sp. found only in the subplot cultivated with genotype PF020037.

Table 3. Diversity of morphologically identified AMF species of a red Latosol with different wheat genotypes
and water regimes at a depth of 0-10 cm

Wheat genotypes/Water regime
FMA Species L6 L68 L96
Brilhante PF020037 BRS404 PF080492  Brilhante PF020037 BRS404 PF080492  Brilhante PF020037 BRS404 PF080492

Frequency
(%)

Acaulospora mellea + + + + + + + 58
Acaulospora rehmii + + + + + + + 58
Acaulospora scrobiculata ~ + + + + + + + + + + + 92
Ambispora leptoticha + + + + 4
Claroideoglomus etunicatum + + + + + + + + + + + 100
Glomus clavisporum + + + + + + + + + 83
Glomus macrocarpum + + + + + + + + + + + 100
Glomus microagregatum + + + + + + + 58
Glomus sp. + + + + + + + 58
Scutellospora gregaria + + + + + + 50
Scutellospora. cerradencis + + + + + + 58
Gigaspora sp. + + + + + 50
Species richness 10 11 9 8 11 10 8 12 9 11 12 10

Canonical correspondence analysis confirmed that the occurrence and spore frequency of the identified species
were not influenced by wheat genotypes (Table 1), but by water regimes (Figure 4). The higher water regime
favored the diversity of AMF. It is important to emphasize that the number of spores does not indicate the
number of individuals of the identified species, since spores are only a reproduction structure of AMF. In this
sense, although the number of recovered spores has an inverse relationship with mycorrhizal colonization, the
increase in PSRG-FE contents and the greater diversity of AMF indicate that there is a greater activity in
environments with greater soil moisture, as observed in the highest water regime.
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Figure 4. Canonical correspondence analysis of the frequency of spores of arbuscular mycorrhizal fungi species
and soil attributes in a red Latosol with different wheat genotypes and water regimes, in the 0-10 cm layer. Am =
Acaulospora mellea; Ar = Acaulospora rehmii; As = Acaulospora scrobiculata; Aml = Ambispora leptoticha,
Ce = Claroideoglomus etunicatum; Gc = Glomus clavisporum; Gma = Glomus macrocarpum; Gmi = Glomus
microagregatum; G sp. = Glomus sp.; Sg = Scutellospora gregaria; Sc = Scutellospora cerradencis; Gg sp =
Gigaspora sp. TOC = total organic carbon; MBC = microbial biomass carbon; GRSP-EE = glomalin-related soil
protein-easily extractable; Genotytes = Brilhante, PF020037. BRS404, PF080492; MC = mycorrhizal
colonization; spore number = AMF spore number; soil moisture

4. Discussion
4.1 Soil Microbiological Attributes and Mycorrhizal Symbiosis

The survival of microorganisms and their activity are dependent on the availability of water in the soil. MBC
responds to climatic conditions, and intensified water stress reduces MBC content (Geng et al., 2015). MBC
contents below 245 mg kg are considered low (Mendes et al., 2019) and associated with severe drought
conditions (Geng et al., 2015), as was observed at water regimes L68 and L6.

Low soil water availability also affects the carbon flux between plants and soil by causing stomatal closure and
subsequent decline in transpiration, as well as reduced photosynthesis and, consequently, decreased plant-derived
TOC and rhizodeposition (Zhao et al., 2020). Other studies also show that water-deficit environments severely
reduce soil carbon deposition, also affecting the contents of TOC (Hasibeder et al., 2015; Canarini & Dijkstra,
2015; Fuchslueger et al., 2016).

Wheat genotypes did not influence MBC and TOC contents. Morphological characteristics such as root to aerial
part ratio and root thickness (data not evaluated) assist in understanding the contribution of plants to the
allocation of soil carbon by rhizodeposition (Bakhshandeh et al., 2018). Unlike the findings in this study, wheat
genotypes with higher root to aerial part ratio and thicker roots allocated more carbon in the soil through
rhizodeposition at the expense of producing higher yield (Bakhshandeh et al., 2018), and these traits may play an
important functional role in transferring more carbon to the soil TOC pool.

An essential component of TOC in terrestrial ecosystems (Jia et al., 2016) and a participant in soil stored carbon
(Wilkes et al., 2021), GRSP-EE correlated positively with TOC and stands out as an essential component for
TOC in terrestrial ecosystems (Jia et al., 2016). A positive correlation was also found for GRSP-EE and MBC in
wheat areas cultivated under different management systems under temperate climate condition (Galazka et al.,
2018).

The water restriction resulting from the application of the smallest water regime (L6) reduced the content of
GRSP-EE in the soil and the CM, possibly due to unfavorable conditions for plant root growth (data not
evaluated) and, consequently resulting in limitation in the development of mycorrhizal symbiosis, abundance and
diversity of AMF. Different AMF species produce different amounts of glomalin and only these fungi produce
PSRG; therefore, a diverse and abundant AMF community contributes to higher glomalin contents in the soil
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(Hossain, 2021). This relationship is based on experiments with AMF colonized and non-colonized root samples,
where glomalin was only detected in roots colonized by these fungi (Vicek & Pohanka, 2020).

In accordance with the results observed in this work, the CM at the highest water regimes (L96 and L68) is
similar in wheat grown under different management systems, under temperate climate condition (Galazka et al.,
2018) and is also within the average observed (41%) in a study that evaluated CM in 94 wheat genotypes
(Lehnert et al., 2017).

Management practices that interfere with plant development, such as fertilization, use of pesticides,
monocultivation, and constant soil disturbance, result in reduced presence of infective propagules of arbuscular
mycorrhizae (Nyamwange et al., 2018), such as the number of AMF spores. In more conservationist systems,
such as no-till, there is a favorable environmental condition for the development of symbiosis, due to the absence
of soil disturbance (Schalamuk & Cabello, 2010). In the area of the study, the adoption of no-till farming as a
cropping system, coupled with a crop rotation program with grasses and legumes (Silva et al., 2020), possibly
created favorable conditions for the preservation of the AMF spore numbers. In the symbiosis development cycle,
the production of spores among AMF species have different timing and quantity of sporulation and germination
(Gomide et al., 2009; Nyamwange et al., 2018), thus, the absence of response observed for the number of AMF
spores may be related to the evaluation period used in this study (70 days after wheat plants emergence), and this
can be considered a short period for observing the response to changes in soil management and environmental
factors.

4.2 Occurrence and Species Diversity of Arbuscular Mycorrhizal Fungi

The higher irrigation increased the diversity of AMF, according to the canonical correspondence analysis (Figure
4). Favorable environmental conditions such as the availability of water for the host plant and, consequently, for
the symbiont, are factors that contribute to the abundance of AMF species, while adverse conditions such as
water scarcity act as an environmental filter and a reduced number of AMF that are tolerant to the predominant
habitat are able to remain in the environment (Deepika & Kothamasi, 2015). Studies have highlighted that
changes in soil water availability can affect AMF community composition (Deveautour et al., 2018; Deepika &
Kothamasi, 2015). The influence of soil management practices such as irrigation on the composition of the AMF
community in areas of annual crops is apparently dominant when compared to the plant community present in
the experimental area (Bainard et al., 2017).

The predominance of species that belong to the families Glomeraceae, Acaulosporaceae and Gigasporaceae is
consistent with the assessment of the AMF community in no-till areas cultivated with wheat (Schalamuk &
Cabello, 2010). The two species with the highest frequency in the study area, Claroideoglomus etunicatum and
Glomus macrocarpum (Table 3), have already been identified with higher occurrence in agricultural areas, in
conventional and conservationist systems, as well as in native Cerrado areas (Fernandes et al., 2016; Ferreira et
al., 2012; Nunes et al., 2019; Pontes et al., 2017). The high frequency of a species of the genus Claroideoglomus
(Claroideoglomus claroideum) was reported in an area cultivated with wheat in southern Chile (Castillo et al.,
2016). Among the less frequent species observed in this work (Admbispora leptoticha, Scutellospora gregaria and
Gigaspora sp.), Ambispora leptoticha was also among the least frequent species in wheat-grown areas in
southern Chile (Castillo et al., 2016).

The predominance of Glomus species (about 41% of the species identified in this work) in no-till areas is
associated with the ability and evolutionary adaptation of AMF of this genus to use extraradicular hyphae and
colonized root fragments as infective propagules, to the detriment of spore production (Schalamuk & Cabello,
2010). The contribution in the tolerance of wheat plants to water stress is described among the benefits promoted
by inoculation with a species belonging to the genus Glomus (Glomus mosseae), improving the yield and growth
of plants under low water availability and controlled conditions (Rani et al., 2018).

5. Conclusions

The wheat genotypes studied, intended for breeding programs aiming at tolerance to water deficit, did not
promote changes in the association with arbuscular mycorrhizal fungi and in the parameters of microbial
biomass carbon, total organic carbon, soil protein relative to glomalin-easily extracted.

The association between soil attributes microbial biomass carbon, total organic carbon, soil protein relative to
glomalin-easily extracted and mycorrhizal colonization in wheat plants were confirmed, contributing to studies
concerning mycorrhizal symbiosis.
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The water regimes impacted the mycorrhizal colonization, as well as the soil parameters of microbial biomass
carbon, total organic carbon, soil protein relative to glomalin-easily extractable, favored by the highest water
regime, corresponding to 95% of the crop evapotranspiration.

The occurrence and frequency of arbuscular mycorrhizal fungal species, identified by morphological description,
was favored by the water regimes and was not influenced by wheat genotypes.
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Notes

Note 1. A meteorological phenomenon common in the southern and middle-east regions of Brazil, consisting of a
period of drought, accompanied by intense heat (25-35 °C; 77-95 °F), intense sunshine, and low relative
humidity in the middle of the rainy season or in the middle of winter.
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