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ABSTRACT

Objective: A study was carried out in the Ingenio Santa Rosalia sugar mill supply area with the aim of
identifying the soil subunits cultivated with sugar cane and to quantify the degree of mycorrhization of
Saccharum officinarum.

Design/Methodology/Approach: Rhizosphere samples were collected at a depth of 0-30 ¢cm and root
segments with diameters of =1 mm and 1-2.0 mm were studied. The intersect method and the fungal structures
method were comparatively analyzed to determine the mycotrophic state of the roots. The study also quantified
the number of spores in the soils and classified the morpho-species of vesicular-arbuscular mycorrhiza (VAM).
Results: The results show that seven soil subunits exist in the area, but the intersect method did not detect
differences in colonization by root diameter or by root colonization (X =68.5%). For its part, the fungal
structures method showed differences in colonization between soil subunits (X =69.5%), being higher in thin
roots, and statistical differences wer found for vesicles and spores. At the sites, an average of 696 spores was
quantified per 100 g of soil, which indicates a high presence of vesicular-arbuscular mycorrhizal fungi in the
study area. Finally, six species of mycorrhizae were identified, of which four are present in various soil subunits:
Glomus aff. deserticola, Glomus etunicatum, Glomus viscosum, and Paraglomus occultum.

Study Limitations/Implications: This was an exploratory study that indicates the potential of VAM on
sugarcane.

Findings/Conclusions: The presence of hyphae, vesicles, arbuscules, and spores indicates that there is an
active mycotrophic process between VAM and sugarcane cultivation in the soils of the study area.

Index words: arbuscular mycorrhizae, endophytes, sugar mill, vesicles.

INTRODUCTION

The Ingenio Santa Rosalia is the second most economically important sugarcane
mill in Tabasco, Mexico, both for the cultivated area and for its production of grinding
stalks. During the 2017/2018 season, 823,264 tons of sugarcane were harvested in an

area of 12,268 ha. The average field yield for this cycle was 67 t ha~! with a factory
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sugar yield of 7,298 kg ha™! (UNC, 2018). The yields of grinding stalks and sugar are low
and are due in part to the poor management of fertilization, since the specific fertilizer
recommendations for each type of soil in the supply area have not been followed (Salgado
et al., 2005). In recent decades, the term biofertilizers has been introduced in the scientific
literature, and refers to consortia of bacteria and mycorrhizal fungi that can provide N,
P, and water for crop nutrition, as well as growth-promoting substances (gibberellins
and indoleacetic acid), sulfur oxidation, increased root permeability, and siderophore
production (Requena et al., 2007; Azevedo, 2008). The subject has awakened interest
due to the possibility of lowering fertilization costs, as well as reducing the impacts of
excessive fertilizer use, especially nitrogen.

The active dynamics of nutrient exchange, reproduction, and survival in adverse
conditions have endowed mycorrhizal fungi with highly specialized structures such
as hyphae, vesicles, arbuscules, and spores, all of which could be indicators of the
mycotrophic state of the plants with which they are associated (Barea et al., 2005). For
its part, the root system of sugarcane is made up of segments with different thicknesses
and degrees of lignification that could cause mycorrhizal structures to be differentially
present (Sdnchez-Reyna et al., 2020). The intersect method is the most commonly used to
determine the degree of mycorrhization (Giovannetti and Mose, 1980), while the fungal
structures method (McGonigle ez al., 1990) that takes into account several structures of
the fungus present in the root (hyphae, vesicles, arbuscules, and spores) is less common.
Therefore, the objective of this study was to determine the mycotrophic status of VAM in
soils cultivated with sugarcane within the supply area of the Ingenio Santa Rosalia sugar

mill in Tabasco, Mexico.

MATERIALS AND METHODS

Description of the study area. The Santa Rosalia (ISR) sugar mill is located in the
Municipality of Cdrdenas, Tabasco, at an altitude of 12 m above sea level. The region is
part of the Gulf Coastal Plain, with average annual temperature of 26 °C, average rainfall
of 1870 mm per year, and average annual relative humidity of 83% (Salgado et al., 2005).
The ISR supply area covers a surface of more than 12,000 ha of sugarcane plantations
(UNG, 2018).

Collection of soil and roots. Seven soil subunits growing sugarcane were identified,
corresponding to the Fluvisol, Vertisol, and Gleysol types, with neutral or moderately acidic
pH (Salgado ez al., 2005). Four rhizosphere samples were collected from each soil subunit,
which were considered repetitions. Each sample was taken at 20 cm from the stump and at
a depth of 0-30 cm. Between each sampling, tools were fired to avoid cross contamination
(Salgado et al., 2013). The samples were stored in labeled bags and transported (£4 °C) to
the Biotechnology laboratory of the Instituto Tecnolégico de la Zona Olmeca.

Clarifying and staining of roots. Thirty (30) root segments were taken (thin and
thick), which were washed with running water to remove clinging soil; excess water was
removed by placing them on absorbent paper. Afterwards, 2 cm-long portions of the root
were cut and then immersed in the FAA solution for clarifying and staining. They were

then rinsed to eliminate excess FAA solution and KOH at 10% was added, covering the
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roots completely; they were immersed in this solution for 24 hours or more, until the roots
were clarified. Subsequently, excess KOH was decanted and the roots were washed with
running water and soaked for 5 to 10 min in HCI at 10%. Subsequently, the HCI was
decanted and the roots were washed with running water. Finally, trypan blue 0.05% was
added for 24 h; after this time, the dye was decanted and the roots were placed in Petri
dishes with lactoglycerol to remove excess dye (Phillips and Hayman, 1970).

Study variables

Root thickness. The root segments of each thickness, including thin roots (diameter
<Imm) and thick roots (diameter 1 mm to <2.0 mm), were observed independently to
determine the degree of mycorrhization with each of the methods used.

Intersect method (Giovannetti and Mosse, 1980). The root segments were evenly
distributed in 8.5 cm diameter, glass square Petri dishes with grids (0.5 X 0.5 in). Observations
were made with a Leica brand 35 X stereo microscope using the following equation:

C=(TRCH+TRCV | TRH+ TRV)X 100

where: C=Colonization (%); TRCH="Total colonized horizontal roots; TRCV="Total

colonized vertical roots; TRH="Total horizontal roots; TRV=TTotal vertical roots.

Fungal Structures method (McGonigle ¢t al, 1990). The roots were placed
in permanent preparations on microscope slides, with 12 horizontal roots and 100
observations under the microscope for each preparation (100%). Afterward, 2 or 3 drops
of PVLG were added, they were left to dry for 5 min, and then covered with a coverslip;
these preparations were allowed to dry for a week. Subsequently, the preparations were
read by fields of view with the 10x and 40x objectives in a Leica brand microscope, until
100 observations were made. Colonization by hyphae, vesicles, arbuscules, or spores was

calculated using the following equation:
C=(TCC| TCO)x 100
where: C=Colonization (%); 7CC="Total colonized fields; 7CO="Total observed fields.

Spore extraction. The successive wet sieving and decantation technique was used in
combination with the sugar flotation technique (Salgado ¢t al., 2014). Observations and
counts were done under a Leica brand 35 X stereo microscope.

Morphological classification of species. Once the spores were extracted from
the soil samples, they were grouped and quantified according to their morphological
characteristics by size, color, support hypha, and spore shape. The taxonomic classification
of the morpho-species was made based on the INVAM (2018) keys.

Statistical analysis. Analyses of variance (ANOVA) were performed in a 7X2
factorial design (7 soil subunits and 2 root thicknesses) with four repetitions using the
STATGRAPHICS plus 5.1 software; Tukey’s means comparison test (¢=0.05) was also used.
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RESULTS AND DISCUSSION

Fungal Structures method. Figure 1 shows the fungal structures observed in the cane
roots. The hyphae and spores branch out inside the cortical cells and between the cells of
the epidermis, confirming that they do not invade the root pith and that the mycorrhization
process occurs naturally in this crop, as reported by Jiménez et al. (2010) for the soils
cultivated with sugarcane from the Ingenio Presidente Benito Judrez (IPBJ) sugar mill in
Tabasco.

The ANOVA performed by fungal structures showed significant differences in the
main effect of root thickness on hyphae, vesicles, and arbuscules (Figure 2), with the
highest percentages observed in thin roots. This indicates that the symbiotic association
is very dynamic and that it is taking place differentially in the plant roots, which could be
influenced by their functions. That is, in addition to different functions, the diameter of
the roots could implicate different ages and lignification, among other factors that could
affect colonization. The mean colonization with this method was 69.5%, similar to the
intersect method, which allows to infer that there is an interaction between VAM and
sugarcane cultivation (Soria ef al., 2001), although it is unclear if this relationship is positive
or negative since VAMs can demand up to 15% of the carbohydrates produced by the host.
The structures with the greatest presence were hyphae and vesicles, whose functions are
transport and storage, respectively, without dismissing the important role they play in the
spread of mycorrhizal fungi. The presence of arbuscules was low and since they are the
structures through which mycorrhizal fungi deposit nutrients in the cell cytoplasm (Smith
and Read, 2008), this could indicate that the nutritional state is not being benefitted. The
presence of spores within the root system could be indicative of the mycorrhiza species
present, since not all have the ability to form these structures within the roots (Souza,
2006).

Significant differences were found in the main effect of the soil subunits on all fungal

structures (Table 1). A greater hyphae colonization was found in the moderately acidic

Figure 1. Fungal structures of VAM observed in sugarcane roots cultivated in the supply area of Ingenio Santa
Rosalia: A) extra-root spore, B) extracellular hyphae, C) vesicles and D) intracellular hyphae.
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Figure 2. Mycorrhizal colonization (%) by fungal structures (McGonigle et al., 1990), in fine roots (diameter <I1mm) and thick
roots (diameter 1 to 2.0 mm) of sugarcane grown at Santa Rosalia sugar mill. Values with different literals indicate significant
statistical difference (Tukey p=0.05).

Eutric Fluvisol (90.0%), while the moderately acidic Eutric Vertisol was the one that showed
the lowest percentage (54.2%). Most of the soil subunits are grouped within the range of
62% to 79%. These structures are the most abundant since they manage to disperse widely
within the root tissue, from which other more specialized structures are formed.

The colonization by vesicles was higher in the eutric-gleyic-neutral Fluvisol subunits
(50%), in the moderately acidic eutric-gleyic Fluvisol (52% a), and in the neutral pelic Vertisol
(45%), and lower in the moderately acidic Eutric Vertisol plot (11%). The colonization by
vesicles could indicate that the nutritional status of the sugarcane crop is adequate for the
VAMs, which are storing nutritional reserves.

In relation to the other structures, colonization by arbuscules was minimal (<1.9%) and
colonization by spores was greater in the moderately acidic Eutric Fluvisol (37%), followed
by the moderately acidic eutric-gleyic Fluvisol (25.3%), while the rest of the subunits showed
lower percentages.

Intersect method. The ANOVA showed that there is no difference between the
main effect of both root diameters; VAMs colonize both types of roots without showing
statistically significant differences in colonization. It was observed that the thicker root
segments are difficult to clarify and generally stain excessively; however, the cortical tissue
of these segments was dissected, confirming the presence of fungal structures.

No significant differences were found in the main effect by soil subunit (Table 1),

although arithmetic variations were observed. The highest mycorrhizal colonization is
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Table 1. Mycorrhizal colonization (%) and colonization index by subunit of soil cultivated with sugar cane, in the supply area of Santa Rosalia

sugar mill, Tabasco.

Colonization Colonization index (%)Y
Subunit of soil Z

(%) hyphae vesicles arbuscules spores
1 Fluvisol eutric neutral 72.19 a 76.19 a 44.75 a 0.750 a 9.00 b
2 Fluvisol eutric moderately acidic 64.91 a 63.38 a 21.25 be 0.125a 10.13 b
3 Fluvisol eutric-gleyic moderately acidic 61.55 a 69.46 a 43.13 a 0.875 a 23.71 a
4 Gleysol eutric neutral 63.51 a 75.13 a 31.63 ab 1.250 a 8.63 b
5 Gleysol eutric moderately acidic 78.20 a 75.88 a 33.00 ab 0.625 a 3.25b
6 Vertisol eutric moderately acidic 62.35 a 54.25a 11.00 ¢ 0.625 a 3.38b
7 Vertisol pelic neutral 78.47 a 67.88 a 40.31 a 0.125a 7.50b

Values with different literals indicate statistical significant difference (Tukey (p=<0.05). “Giovannetti y Mosse, (1980); YMcGonigle et al., (1990).

seen in the neutral pelic Vertisol (78.5%), and the lowest in the moderately acidic eutric-
gleyic Fluvisol (61.5%); this subunit of soil presents serious waterlogging problems in which
the cane roots die from excess moisture. No trend was observed between the subunits
and the soil pH, with a mean root colonization of 68.5%, considered to be acceptable
according to various authors (Cracogna et al., 2002; Salgado et al., 2014; Tahuico, 2005),
who report colonization at 70%, 88.9%, and 69.8%, respectively. The results indicate that

mycorrhization is occurring in the ISR soils naturally in cultivated sugar cane.

Colonization index (%) Y

Vesicles Arbushes Spores

Spores in the soil
Figure 3 shows the number of spores in 100 g of soil. Tukey’s test establishes three

statistical groups. The highest number of spores was observed in the moderately acidic
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Figure 3. Density of spores per 100 g of soil in seven soil subunits cultivated with sugar cane at Santa Rosalia
sugar mill supply area. Bars with different literals indicate statistically significant difference (Tukey p=<0.05).
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eutric Gleysol subunit (1005); and the lowest in the moderately acidic eutric Fluvisol subunit
(477). The rest of the subunits presented values between 514 and 837 spores per 100 g of
soil. The mean was 696 spores per 100 g of soil in the ISR, lower than that observed in
the IPBJ (943 spores per 100 g of soil), which is explained by the greater variability in
edaphoclimatic conditions as observed by Reis et al. (1999). In three localities cultivating
sugarcane in Pernambuco and Rio de Janeiro, Brazil, a variation from 18 to 2070 spores
per 100 g of soil was reported. The most abundant varieties CB 14-16 and SP 70-1284
presented 1630 and 1080 spores in 100 g of soil. The number of spores found in the ISR
indicates a high presence of VAMs, compared to the 4 spores per 100 g of soil from the
Ingenio Tres Valles sugar mill in Honduras (Thauico, 2005); or compared to saline soils
cultivated with ancho pepper, sunflower, and corn, where 210, 400, and 280 spores are
reported per 100 g of soil (Tapia-Goné et al., 2008).

Classification of VAM species. Six species of VAM were identified (Table 2). However,
only four of them are present in more than four soil subunits: Glomus aff. deserticola,
Glomus etunicatum, Glomus viscosum, and Paraglomus occultum. These results coincide with
the predominance of the Glomus genus in sugarcane soils (Reis et al., 1999). However, the
number of species in the soils of the ISR is lower when compared to the 16 species of VAM
reported in the soils of the IPBJ (Salgado et al., 2014).

CONCLUSIONS

The analysis of mycorrhizal colonization by the intersects method did not show
differences between the type of roots (thin or thick) but did detect significant differences in
root colonization according to the soil subunits. The structures method detected significant
differences by root type and showed significance in the colonization of hyphae, vesicles,
and arbuscules, but not in the colonization by spores. In addition, statistically significant
differences were observed in the colonization of roots according to the soil subunits. The
highest number of spores was observed in the moderately acidic eutric Gleysol subunit
(1005), and the lowest number in the moderately acidic eutric Iluvisol subunit (477). The
rest of the subunits presented values between 514 and 837 spores per 100 g of soil. The
average of 696 spores per 100 g of soil found in the ISR soils studied indicates a high
presence of VAM. Six VAM species were found, of which four are present in more than
four soil subunits: Glomus aff. deserticola, Glomus etunicatum, Glomus viscosum, and Paraglomus
occultum. The presence of hyphae, vesicles, arbuscules, and spores indicates that there is an
interactive process between VAM and sugarcane roots. Further research is recommended
to determine if this relationship is symbiotic or parasitic given the low yields of grinding
stalk obtained in the ISR.
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