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Soil fungal and bacterial biomass determined by epifluorescence microscopy and
mycorrhizal spore density in different sugarcane managements

Biomassa fungica e bacteriana do solo determinada por microscopia de epifluorescéncia e
densidade de esporos micorrizicos em diferentes manejos de cana de aglcar

Adriana Pereira Aleixo' Glaciela Kaschuk'" Odair Alberton'”

ABSTRACT

Crop productivity and sustainability have often
been related to soil organic matter and soil microbial biomass,
especially because of their role in soil nutrient cycling. This
study aimed at measuring fungal and bacterial biomass by
epifluorescence microscopy and arbuscular mycorrhizal fungal
(AMF) spore density in sugarcane (Saccharum officinarum L.)
fields under different managements. We collected soil samples of
sugarcane fields managed with or without burning, with or without
mechanized harvest, with or without application of vinasse and
from nearby riparian native forest. The soil samples were collected
at 10cm depth and storage at 4°C until analysis. Fungal biomass
varied from 25 to 37ug C g' dry soil and bacterial from 178 to
263ug C g' dry soil. The average fungal/bacterial ratio of fields
was 0.14. The AMF spore density varied from 9 to 13 spores g’
dry soil. The different sugarcane managements did not affect
AMF spore density. In general, there were no significant changes
of microbial biomass with crop management and riparian forest.
However, the sum of fungal and bacterial biomass measured by
epifluorescence microscopy (i.e. 208-301ug C g' dry soil) was
very close to values of total soil microbial biomass observed
in other studies with traditional techniques (e.g. fumigation-
extraction). Therefore, determination of fungal/bacterial ratios
by epifluorescence microscopy, associated with other parameters,
appears to be a promising methodology to understand microbial
functionality and nutrient cycling under different soil and crop
managements.

Key words: Saccharum officinarum, soil microbial biomass,
mycorrhiza.

RESUMO

A produtividade e sustentabilidade das culturas tém
sido frequentemente relacionadas com a matéria orgdnica e a
biomassa microbiana do solo, especialmente devido ao seu papel
na ciclagem de nutrientes do solo. Este trabalho teve como objetivo

avaliar a biomassa de fungos e bactérias do solo por microscopia
de epifluorescéncia e a densidade de esporos de fungos micorrizicos
arbusculares (FMAs) em lavouras de cana de agiicar (Saccharum
officinarum L.) sob diferentes manejos. Foram coletadas amostras
de solo de lavouras manejadas com ou sem queima, com ou sem
colheita mecanizada, com ou sem aplicagdo de vinhaga e de matas
ciliares adjacentes. As amostras de solo foram coletadas a 10 cm
de profundidade e mantidas a 4°C até o momento das andlises.
A biomassa fiingica variou de 25 a 37ug C g’ de solo seco e a
bacteriana, de 178 to 263ug C g de solo seco. A razdo média entre
a biomassa fiingica e bacteriana do solo nos diferentes manejos de
canaviais foi de 0,14. A densidade de esporos de FMAs variou de
9 a 13 esporos g de solo seco. Os diferentes manejos da cana de
agticar ndo afetaram significativamente a densidade de esporos de
FMAs. Em geral, ndo foram encontradas mudangas significativas
na biomassa microbiana nos diferentes manejos de solo com cana
de agiicar em comparagdo com a mata ciliar. Todavia, a soma das
biomassas fungicas e bacterianas (208 a 301ug C g de solo seco)
determinadas por microscopia de epifluorescéncia foram similares
a resultados da biomassa total do solo encontrados em outros
estudos com métodos tradicionais (e.g. fumigagdo-extra¢ao).
Os resultados evidenciam que a determina¢do da razdo fungo/
bactéria por microscopia de epifluorescéncia, associada a outros
parametros, é uma metodologia promissora para compreender a
Sfuncionalidade microbiana e ciclagem de nutrientes sob diferentes
manejos do solo.

Palavras-chave: Saccharum officinarum, biomassa microbiana
do solo, micorrizas.

INTRODUCTION

Sugarcane (Saccharum officinarum L.)
was introduced into Brazil in the 1500’s, and since
then, it has had a crucial role in Brazilian economy.
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In the season of 2011/2012, the crop occupied 8.3
billons ha of the country area and raised about 20
billons dollars of revenue for the economy in the
sugar and alcohol markets (MAPA, 2013). On one
hand, expansion of sugarcane plantations should be
constrained by land competition for food production
or by legislation demands for forest preservation
(CAMARGO etal., 2008, NOVO et al., 2010). On the
other hand, the role of sugarcane may still increase
by increasing its productivity and sustainability in the
present agricultural areas.

Crop productivity and sustainability have
often been related to soil organic matter (SOM)
content due to the contribution of SOM on soil
nutrient supply, water hold capacity, soil temperature,
soil aggregation and soil microbial biomass (SMB)
(BEARE, 1997; KASCHUK et al., 2010). The soil
microorganism activity plays a crucial role in nutrient
cycling and nutrient foraging by plant-microsymbionts
(CONSTANZA et al., 1997, KASCHUK et al., 2010),
and for that reason, may contribute to increase crop
productivity.

Worldwide, and particularly in Brazil, SMB
is usually determined by the fumigation-incubation
(JENKINSON & POWLSON, 1976) or by the
fumigation-extraction (VANCE et al., 1987) methods
that measure SMB indirectly from the fluxes of the
C released in fumigated and non fumigated samples.
Due to their reliability and robustness, both methods
have been recommended for studies relating SBM
to soil quality (KASCHUK et al., 2010). However,
a drawback is that neither of them distinguishes the
microbial communities, for example, the fungal and
bacterial biomass.

It is already known that sugarcane
management, which included application of vinasse
(a by-product of sugarcane industry) to the fields
and allowed straw to remain on the land after
harvest of green sugarcane, leads to increases in
SOM (CANELLAS et al., 2003; 2007). By knowing
the benefits of SOM to the SBM and soil nutrient
cycling (KASCHUK et al., 2010), this management
could be recommended as sustainable practices
for sugarcane production and improvement of soil
quality; yet, there is a need of further understanding
of the microbial role in these processes. The SBM is
greatly affected by the amount of root exudates and
plant metabolism. MARCHIORI-JUNIOR & MELO
(2000) reported that sugarcane accumulated more
SMB than other crops and native forest, despite the
fact that sugarcane management is based on high
input of pesticides, which imposes a negative effect
on soil microorganisms (KASCHUK et al., 2010).

They attributed the difference to the photosynthetic
C4 metabolism of sugarcane plants in comparison
with C3 metabolism of most crops and native
forests (MARCHIORI-JUNIOR & MELO, 2000;
KASCHUK et al, 2010). Furthermore, greater
amounts of SMB could be related to shifts in the
microbial community composition, such as those
observed in the fungal/bacterial ratios in pastures
and crops submitted to different rates of nitrogen
fertilization and different crop managements
(BAILEY et al., 2002; DE VRIES et al., 2006). A
better understanding of the soil microbial ecology
would indicate better strategies of crop sustainability.

This study aimed at measuring fungal and
bacterial biomass by epifluorescence microscopy
and arbuscular mycorrhizal (AM) spore density in
sugarcane (Saccharum officinarum L.) fields under
different managements.

MATERIAL AND METHODS

Soil sampling

The study compared soil microbiological
communities in six sugarcane fields with different
crop management strategies (with or without burning,
mechanization at harvest and vinasse application
(£100m* ha''), and native riparian forests in Novo
Horizonte and Presidente Prudente, State of Séao
Paulo-Brazil (Table 1). Soil samples were collected
by Krion Agroscience Company during sugarcane
cuttings in October and November, 2010, by digging
10cm deep with a spade, cutting straight down a thin
slice along one side of the hole. Samples were cleared
out of debris, sieved through 4mm mesh sieves and
stored in plastic bags at 4°C until laboratory analyses,
but no longer than a month. Each sample represented
a mixture of ten subsamples collected randomly in
each area. Soil characteristics are displayed in table 2.

Arbuscular Mycorrhizal (AM) spore density

Spores were extracted from 10g soil
subsamples by wet sieving, followed by suspension in
water and centrifugation at 3000rpm for 3min, and in
sucrose 50% at 2000rpm for 2min (GERDEMANN
& NILCOLSON, 1963). The spores were placed
in Petri dishes and counted under a stereoscopic
microscope (40X).

Total soil fungi biomass

Soil fungi biomass was extracted according
to BLOEM & VOS (2004). At first, a 6g subsample
was suspended in 190mL distilled water and blended
at high speed for Imin. An aliquot of 9mL suspension
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Table 1 - Sugarcane field sites where soil samples were collected.

Field Localization (central point) ~ Number of samples

Soil type*

Crop Management Harvest

“Séo Jos¢ da Estiva” Mill — Novo Horizonte, Sdo Paulo, Brazil
Red-Yellow Eutrophic  Green sugarcane, with

on Q! o U nd
o1 S21729" W49%12.6 08 Latosol (Eutrorthox) vinasse application 2" cut, manual
. Green sugarcane,
02 S21°18.7' W49°16.4' 39 Red-Yellow Dystrophic oo ¢ vinasse 1% cut, manual
Latosol (Haplorthox) S
application
03 $21°33.9' W49°8 4' 16 Red-Yellow Dystrophic B_urned sugarcane, with 1cut, mechanized
Latosol (Haplorthox) vinasse application
Forest  S21°29.4' W49°12.4' 04 Red-Yellow Dystrophic -

Latosol (Haplorthox)
“Alto Alegre” Mill — Presidente Prudente, Sao Paulo, Brazil

Green sugarcane, with

04 S21°45.7' W51°16' 08 Typical Red Argisol . L 3" cut,mechanized
vinasse application

05 $21°50.3' W51°15.9" 16 Typical Red Argisol Green sugarcane, with g o0 aity
vinasse application
Green sugarcane,

06 S21°45.2' W51°27.3' 28 Typical Red Argisol without vinasse 1% cut, manually
application

Forest S$21°50.34' W51°16' 16 Typical Red Argisol - -

*All soils presented sandy texture.

was transferred to a 15mL flask, gently mixed with
ImL of formaldehyde (37% w v') and left rest for
2min. Twelve mL of the suspension was evenly
spread on a microscope slide (previously disinfected
with paper embedded in liquid soap and alcohol
96%, dried at 50°C for 2h, and maintained on wet
paper). Microscope slides were stained with S50uL of
freshly prepared fluorescent brightener 28 solution
(Sigma F3397: C40, H42, N12, 010, S2 and Na2
components; ethanol 50%, 1mg mL™") and placed in
the dark at room temperature for 2h. The slides were
submerged in distilled water three times for 20min
to remove dye excess, and, dried in the dark at room
temperature. Finally, microscope slides were treated
with a drop of immersion oil, covered with a slip
and sealed with transparent nail polish. Hyphae were
estimated under epifluorescence microscope (400X)
by the gridline intersection method counting the
presence and absence on 100 random fields. Length (m
g DW) was converted to fungi biomass as outlined
by BLOEM & VOS (2004). Microbial biomass was
corrected to dry weight after determination of soil
humidity in a second 10g soil subsample.

Total soil bacterial biomass

Bacterial ~ extraction and  biomass
determination was performed as described for
hyphae, except that for staining bacteria it was used

fluorescent protein dye 5-(4,6-dichlorotriazin-2-
IL) aminofluorescein or DTAF (solution: 2mg of
DTAF dissolved in 10mL of buffer solution [0,05
M Na HPO, (7,8g L) and 0,85% NaCl (8,5g L),
adjusted to pH 9,0]), instead of 28’solution. Total
bacteria biomass was also estimated according to
BLOEM & VOS (2004).

Statistical analysis

Data was subjected to one-way ANOVA
using general linear model with mixed-effects and
unbalanced design, considering each area as one
treatment, and compared with the Duncan’s test
(P<0.05), by using SPSS version 16.0 for Windows
(SPSS Inc., Chicago, IL, USA). To comply with
ANOVA assumptions, data was previously checked
with the Levene's test.

RESULTS AND DISCUSSION

By using the epifluorescence microscopy
method, we could estimated fungal biomass varying
from 25 to 37pg C g dry soil, and bacterial from
178 to 263ug C g' dry soil in sugarcane fields
(Table 3). Both fungal and bacterial biomass were in
the range of the values reported in the literature using
the same method (BAILEY et al., 2002; DE VRIES
et al., 2006; BUSSE et al., 2009). Furthermore, the
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Table 2 - Soil chemical characterization* of the sugarcane field sites where soil samples were collected. Mean values of soil pH (CaCly),
phosphorus (P), soil organic matter (0.M.), aluminum (Al), potential acidity (H+Al), calcium (Ca), magnesium (Mg), potassium
(K), bases sum (SB), cations exchangeable capacity (CEC), Iron (Fe), manganese (Mn), zinc (Zn) and bases saturation (BS).

Explanation of fields is displayed in table 1.

P O.M. S APT H+AP"  Ca®™ Mg K SB CEC Fe Mn Zn BS

Field pH
mg dm? - g dm>---- (mmol, dm™) mg dm>------- %

“Sao José da Estiva” Mill — Novo Horizonte, Sdo Paulo, Brazil
01 590 25.0 16.0 11.0  0.67 18.5 25.0 7.5 5,6 38.1 56.6 33 15.4 1.34 67
02 5.64 408 13.0 5.8 0.68 17.7 32.0 8.1 2.5 42.6 60.3 22 24.7 1.18 50
03 575 465 13.7 8.3 0.58 17.0 30.0 9.0 4.9 43.7 55.5 19 14.5 2.32 71
Forest 4.00 13.0 22.0 8.0 4.82 53.0 13.0 6.0 3.0 22.0 752 95 55.1 1.28 29
“Alto Alegre” Mill — Presidente Prudente, Sdo Paulo, Brazil

04 525 112.0 64.0 150 058 16.5 18.5 7.5 5.4 314 477 ND ND ND 65
05 520 13.0 8.8 6.5 0.61 16.3 11.0 7.7 4.6 222 392 ND ND ND 57
06 430 193 11.2 7.2 2.06 26.0 12.1 2.7 1.2 16.1 42.0 ND ND ND 39
Forest 4.82 9.5 17.8 8.2 0.77 23.5 21.2 9.7 3.1 34.1 57.6 ND ND ND 56

*Methods: P, K, Ca e Mg; extracted by resin; Al — extracted by KCl 1 mol L'; S-SO; — extr. Ca(H,PO,)2 0.01 mol L; O.M. —
Dichromate/colorimetric; Fe, Mn e Zn - extr. DTPA - TEA pH 7,3. ND = Not determinated.

sum of fungal and bacterial biomass (208 to 301pug
C g' soil) (Table 3) was very close to total SMB
determined elsewhere with the fumigation-extraction
method in sugarcane fields (MENDONZA et al., 2000;
PANKHURST et al., 2005. This corroborates the fact
that fungi, bacteria and archea represent 75-98% of
the total soil microbial biomass (KASCHUK et al.,
2010).

Estimation of SMB from microscope
observations is a more laborious procedure to estimate
microbial biomass than indirect methods such as
the wusual fumigation-incubation (JENKINSON
& POWLSON, 1976) and fumigation-extraction
(VANCE et al.,, 1987) methods, but it allows to
distinguish and to quantify fungal from bacterial
biomass independently. Molecular methods, like
DGGE (Denaturating Gradient Gel Eletrophoresis)
and 16S rRNA genes have been used to identify a
diversity of fungi and bacteria in different sugarcane
soil managements (DINI-ANDREOTE at al., 2010;
PISA et al., 2011), but, these methods do not allow
quantification of microbial biomass. This may be the
first Brazilian study aiming to quantify soil fungal
and bacterial biomass by epifluorescence from
microscope observations in fields of sugarcane.

Crop management strongly influences soil
microbial communities which, in turn, influence crop
productivity and sustainability (KASCHUK et al.,
2010). Previous studies on annual crops (soybean,
maize, etc) demonstrated that crop management
affects the C/N relations in the SMB (PEREIRA et al.,

2007; HUNGRIA et al., 2009). These changes may be
related to shifts in microbial composition, particularly
the ones related to the abundance of fungal and
bacterial biomass (BEARE, 1997; BAILEY et al,,
2002). Indeed, there are studies demonstrating that
increases in soil fungal biomass contributes to an
increased immobilization of N due to protein storage
in hyphae and spores (SIQUEIRA et al., 2010). In
this study, sugarcane field without vinasse application
(treatment 2; Table 3) lead to a significant decrease
on bacterial biomass (below to 200ug g' dry soil) in
relation to the other treatments (Table 3). Nevertheless,
this result does not sufficiently support the hypothesis
that vinasse application could result in changes in the
fungal/bacterial ratio, and for consequence, in the
C/N ratio of the SBM.

Spore density of AMF ranged from 9
to 13 spores g! dry soil (Table 3). These values
are somewhat higher than usual values found in
sugarcane fields (REIS et al., 1999; KELLY et al.,
2001; DATTA & KULKARNI, 2012), but spore
densities in the magnitude of 10-16 spores dm™ have
been observed in sugarcane rhizosphere in organic-
rich soils (REIS et al., 1999). Interestingly, there was
no difference between native forest and sugarcane
fields spore density value (Table 3). ZANGARO et
al. (2000) found that trees in later forest succession
stages are less dependent than pioneer tree species
in initial phases of succession, meaning that forest in
climax are not responsive to AMF root colonization.
Similarly, KELLY et al. (2005) studying growth
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Table 3 - Fungal/Bacterial biomass and ratios and arbuscular mycorrhizal (AM) spores density in soil of sugarcane fields in Brazil.

Explanation of fields is displayed in table 1.

Field Fungal ?iorpass Baterial_]siomass F}mgal + Bacterial Fupgal/Bacterial AJ\I/I spore density
(ng C g soil) (ng C g~ soil) biomass ratio (g~ soil)

“Sdo José da Estiva” Mill — Novo Horizonte, Sdo Paulo, Brazil

01 24.75£3.0 a 234.04+29.5 ab 258.79+30.32 ab 0.115+£0.019 a 11.36+2.1 a

02 30.59+3.0 a 178.124£9.54 b 208.71£11.11 b 0.181+0.015 a 10.96+0.5 a

03 37.35+35a 263.47+18.2 a 300.82+16.91 a 0.163+0.027 a 13.07+4.1 a

Forest 29.77+1.4 a 238.5+46.03 ab 268.28+46.34 ab 0.138+0.023 a 13.42+4.1 a

“Alto Alegre” Mill — Presidente Prudente, Sdo Paulo, Brazil

04 324652 a 212.18+29.8 a 244.67+28.52 a 0.199+0.05 a 9.68+1.8 a

05 32.23+3.7 a 248.93+12.8 a 281.15+14.18 a 0.132+0.02 a 9.62+0.9 a

06 31.55+29a 226.86+13.8 a 258.41+14.89 a 0.149+0.01 a 11.7+0.8 a

Forest 34.06+3.4 a 209.17+18.9 a 243.23+19.77 a 0.181+0.02 a 10.9+09 a

*Means (+standard error) followed by the same letter within in the column and same region do not differ significantly with Duncan’s test at

P<0.05.

responses of sugarcane to different mycorrhizal
spore density concluded that sugarcane is poorly
responsive to AMF, although it is unlikely that long-
term sugarcane fields suffer a yield reduction because
of mycorrhizal root colonization.

Another point is that we did not observe
differences in spore densities in different sugarcane
fields, even if there were slight differences in soil
chemical characteristics (Table 2). Other studies
carried out in sugarcane fields have found positive
correlations between soil pH and AM spore density
and root colonization (KELLY et al., 2001; DATTA
& KULKARNI, 2012; SIVAKUMAR, 2013) and
negative correlations between electrical conductivity,
nitrogen, and phosphorus contents in the soil (KELLY
etal., 2001; DATTA & KULKARNI, 2012).

Our study design included the most usual
sugarcane managements and those were compared
to nearby riparian native forests. It is already known
that shifting from native forest into cropped systems
decreases soil microbial biomass significantly
(KASCHUK et al., 2010, 2011). However, we did
not observe any significant difference in fungal and
bacterial biomass between sugarcane fields and
native forest soils, except for field number 2 from Séo
José da Estiva Mill (Table 3). On one hand, sugarcane
plantations may have stimulated SMB because of their
C4 photosynthetic metabolism, which releases more
exudates in the rhizosphere (MARCHIORI-JUNIOR
& MELO, 2000; KASCHUK et al., 2010); on the

other hand, the frequent use of pesticides may have
negatively affected SMB (KASCHUK et al., 2010)
neutralizing the benefits of the root exudates. As a
result, total SMB remained unchanged in relation to
nearby forests.

CONCLUSION

The use of epifluorescence microscopy
allows for measuring fungal and bacterial biomass
distinguishingly in the same range of traditional
methods of determination of SMB (e.g. fumigation-
extraction). Fungal and bacterial biomass determined
by epifluorescence microscopy, associated with other
parameters, such as the C/N ratios, enzyme activity
and soil biodiversity, and is a promising methodology
to understand microbial functionality and nutrient
cycling under different soil and crop managements.
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