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SUMMARY

Management systems involving crop rotation, ground cover species and

reduced soil tillage can improve the soil physical and biological properties and

reduce degradation. The primary purpose of this study was to assess the effect of

various crops grown during the sugarcane fallow period on the production of

glomalin and arbuscular mycorrhizal fungi in two Latosols, as well as their

influence on soil aggregation. The experiment was conducted on an eutroferric

Red Latosol with high-clay texture (680 g clay kg-1) and an acric Red Latosol with

clayey texture (440 g kg-1 clay) in Jaboticabal (São Paulo State, Brazil). A

randomized block design involving five blocks and four crops [soybean (S),

soybean/fallow/soybean (SFS), soybean/millet/soybean (SMS) and soybean/sunn

hemp/soybean (SHS)] was used to this end. Soil samples for analysis were

collected in June 2011. No significant differences in total glomalin production

were detected between the soils after the different crops. However, total external

mycelium length was greater in the soils under SMS and SHS. Also, there were

differences in easily extractable glomalin, total glomalin and aggregate stability,

which were all greater in the eutroferric Red Latosol than in the acric Red Latosol.

None of the cover crops planted in the fallow period of sugarcane improved

aggregate stability in either Latosol.

Index terms: glomalin, hyphae, eutroferric Red Latosol, acric Red Latosol.
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RESUMO: COMUNIDADE DE FUNGOS MICORRÍZICOS ARBUSCULARES E
AGREGAÇÃO DO SOLO APÓS O CULTIVO DE DIFERENTES
CULTURAS NO PERÍODO DE REFORMA DO CANAVIAL

Os sistemas de manejo que adotam menor revolvimento do solo, rotação de culturas e
utilização de plantas de cobertura podem levar a melhorias dos seus atributos biológicos e
físicos, com redução da degradação do solo. O objetivo deste estudo foi avaliar o cultivo de
diferentes culturas, durante o período de reforma do canavial, na produção de glomalina e na
de propágulos de fungos micorrízicos arbusculares, em dois Latossolos, e a influência desses
nos processos de agregação do solo. O experimento foi conduzido no município de Jaboticabal,
SP, em um Latossolo Vermelho eutroférrico (LVef) textura muito argilosa (680 g kg-1 de argila)
e um Latossolo Vermelho ácrico (LVw) textura argilosa (440 g kg-1 de argila), durante o
período de reforma do canavial. O delineamento experimental foi em blocos casualizados com
quatro cultivos e cinco blocos. Os cultivos foram: soja; soja/pousio/soja; soja/milheto/soja; e
soja/crotalária/soja. A amostragem de solo foi realizada em junho de 2011. Não foram
verificadas diferenças significativas na quantidade de glomalina total, após a utilização das
diferentes culturas. Maior comprimento de micélio externo total foi observado no solo onde
houve os cultivos de soja/milheto/soja e soja/crotalária/soja. Foram observadas diferenças
entre os solos avaliados para os atributos glomalina facilmente extraível, glomalina total e
índice de estabilidade de agregados do solo, tendo o LVef apresentado características mais
favoráveis que o LVw. Nenhuma das culturas utilizadas no período de reforma do canavial
teve efeitos benéficos no índice de estabilidade de agregados nos dois Latossolos estudados.

Termos de indexação: glomalina, hifas, Latossolo Vermelho eutroférrico, Latossolo Vermelho
ácrico.

INTRODUCTION

Conservative soil management systems have
proved effective in preserving the activity of soil
microorganisms. Crop rotations can alter microbial
habitats via nutrient uptake by plants, differences in
root depth between the cultivated species and the
quality of plant residues left on the soil (Balota et al.,
2004). Crop rotations and/or sequences facilitate
mycorrhizal symbiosis and their favourable effect on
plants; also, they foster the propagation of arbuscular
mycorrhizal fungi (AMF) in the soil (Miranda &
Miranda, 1997).

Arbuscular mycorrhizal fungi, which are
mutualistic symbionts living in association with the
roots of most terrestrial plants, are essential for the
soil–plant system because of their influence on soil
fertility and plant nutrition (Smith & Read, 2008). In
fact, AMF increase soil aggregation and structural
stability through the combined action of extraradical
hyphae exploring soil to form an aggregate network
and an insoluble protein called “glomalin” (Bedini et
al., 2009), which has binding properties. According
to Berbara et al. (2006), this hyphal function is very
important because structured soil facilitates nutrient
mobilization, water retention and root penetration,
while reducing erosion. Also, aggregates provide a
favourable and protected habitat for soil
microorganisms and facilitate root oxygenation
(Denef et al., 2001). In addition, the adhesive
properties of glomalin facilitate binding of soil
particles to form aggregates (Wright & Upadhyaya,
1996; Purin, 2005).

Several studies have shown a significant
relationship between the amount of glomalin present
in soil and aggregate stability (Wright & Upadhyaya,
1998). Thus, management systems in which soil
tillage is avoided and the amount of organic matter
left on the soil surface increased contribute to the
improvement of some soil physical properties and the
establishment of an optimal environment for microbial
growth (particularly of mycorrhizal fungi, which are
beneficial to plants and improve the soil structure by
facilitating aggregate formation and stabilization).
Therefore, a cropping system favouring AMF
development will also facilitate sustainability.

Our working hypothesis was that the cultivation
of some ground cover species improves the soil physical
properties and development of arbuscular mycorrhizal
fungi (AMF). The main purpose of this study was
therefore to assess the effect of growing various crops
during the sugarcane fallow period on production of
glomalin and AMF propagules in two different
Latosols, as well as their influence on soil aggregation.

MATERIAL AND METHODS

The experiment was conducted in two different
areas in the municipality of Jaboticabal, São Paulo
State, Brazil (21o 14' 05'’ S, 48o 17' 09'’ W, average
height 615 m asl). The soil in one area was an
eutroferric Red Latosol (RLe) with high-clay texture
(clay = 680 g kg-1, silt = 180 g kg-1, sand = 140 g kg-1)
and that in the other an acric Red Latosol (RLa), with
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clayey texture (clay = 440 g kg-1, silt = 120 g kg-1,
sand = 440 g kg-1). The climate in both areas is Aw,
according to Köppen’s classification. The average
temperature of the warmest and coldest month is,
respectively, 22 and 18 oC, and the average annual
rainfall 1,424 mm.

The experiment was arranged in a randomized
block design, with four treatments (crops in the
sugarcane fallow period) and five replications. The
crops used in the fallow period (October 2008 to
February 2010) were soybean/millet/soybean (SMS -
treatment 1), soybean/sunn hemp/soybean (SHS -
treatment 2) and soybean/fallow/soybean (SFS -
treatment 3). In these treatments SMS, SHS and SFS,
two soybean (Glycine max) crops were grown (from
October 2008 to February 2009 and October 2009 to
February 2010). The period in-between (from March
to September 2009), was used to plant millet
(Pennisetum americanum) in SMS and sunn hemp
(Crotalaria juncea) in SHS or for a fallow period (SFS).
Treatment 4 consisted of soybean (S) from October
2009 to February 2010. A more detailed description of
the crop installation and management was given by
Fernandes et al. (2012).

The different crops in the fallow period were followed
by mechanical planting of sugarcane in February
2010. Disturbed soil samples from the 0.00-0.10 m
layer were collected for analysis with an auger at three
different points per plot after the first sugarcane
harvest in June 2011. The samples were used to
determine easily extractable glomalin (EEG), total
glomalin (TG), total external mycelium length
(TEML), spore production (SP) and aggregate stability
(water-stable aggregates-WSA). Additional disturbed
samples collected with a mattock were used to
determine the aggregate mean weight diameter (AMWD).

Easily extractable glomalin was obtained as
described by Rillig et al. (2003) and quantified
according to Bradford (1976). Total external mycelium
was extracted according to Melloni & Cardoso (1999)
and mycelium length calculated by the simplified
equation of Newman (1966). Spores were extracted
by wet sieving as described by Gerdemann &
Nicholson (1963). Aggregate stability (WSA) and
aggregate mean weight diameter (AMWD) were
estimated according to Nimmo & Perkins (2002); WSA
was determined in 2.0-1.0 mm and AMWD in 6.3-4.0
mm diameter aggregates, using sieves of 4.0, 2.0, 1.0,
0.5, 0.25 and 0.125 mm mesh size.

Data were subjected to analysis of variance
(ANOVA) in randomized blocks with five replications
of each of the four treatments, followed by a combined
analysis of the experiments, taking both soil types
into consideration. Means were compared by Tukey’s
test at α<0.05. The spore production values were log
(x + 5) transformed. Correlations between soil
properties (WSA, AMWD and SP) and the variables
(EEG, TG and TEML) were assessed by Pearson’s
correlation coefficients.

RESULTS AND DISCUSSION

No significant differences between soil treatments
were detected in easily extractable glomalin (EEG) or
total glomalin (TG) in either soil (RLe or RLa) (Table 1).
These results indicate that the cover crop treatments
in the fallow period of sugarcane (18 months) were
probably insufficient to induce significant alterations
in the glomalin content of the soils. It should be noted
that the sugarcane preceding the treatments was a
monoculture system, which may have affected the
local AMF community. In this sense, Siqueira et al.
(2007) found that millet monoculture caused changes
in native AMF in soils in the USA. Also, the
cultivation of a single plant species is known to
diminish AMF diversity (Carrenho et al., 2010). For
example, Oehl et al. (2003) found that maize
monoculture reduced the spore density of two different
soil AMF by more than 60 %. Consequently, the
sugarcane monoculture preceding this study may
have reduced the AMF community at the study site,
resulting in reduced glomalin production in both soils.

The glomalin contents of this study are similar to
those reported by Purin (2005) in an aluminic Humic
Cambisol with 490-570 g kg-1 clay under conventional
and organic apple cultivation in Santa Catarina
(Lages, Brazil). However, glomalin contents can vary
over a wide range. Thus, Fokom et al. (2012) studied
a field with peanut and maize intercropped with
cassava and banana, and found an EEG and TG value
of 6.51 and 8.45 mg g-1, respectively; in comparison,
they found EEG = 10.56 mg g-1 and TG = 15.67 mg g-1

in forest soils. Bird et al. (2002) reported low protein
contents not exceeding 0.3-0.6 mg g-1 in soils
containing 786-815, 125-146 and 60-78 g kg-1 sand,
silt and clay, respectively, under pasture in New
Mexico, USA. Wright & Upadhyaya (1996, 1998)
reported glomalin fractions of acid soils in several USA
regions of 1-15 mg g-1. In some soils (e.g., tropical
soils in Hawaii about 4.1 million years old), the TG
can exceed 100 mg g-1 (Rillig et al., 2001).

The high-clay soil (RLe) in this study had a higher
glomalin content than the clayey soil (RLa), with
39 % more EEG and 26 % more TG in the former
(Table 1). Although the most influential factors for
glomalin production in soil have not been
unequivocally identified, a combination of nutrient
concentrations, climate, host type, and AMF diversity
seemingly influences the deposition of glomalin in soil
(Rillig et al., 2001). Also, glomalin contents can differ
between soil types (Wu et al., 2012). The variability
in this study may have been a result of the different
textural classes of RLe and RLa. Souza et al. (2011)
examined the influence of various extractants and the
sample storage temperature on the glomalin content
determined in a Fluvic Neosol and a Luvisol containing
147 and 269 g kg-1 clay, respectively. They found that
the Luvisol contained more glomalin and ascribed this
result to the higher clay content of this soil. According



Priscila Viviane Truber & Carolina Fernandes

R. Bras. Ci. Solo, 38:415-422, 2014

418

to these authors, clay can have a protective action
against microbial decomposers of glomalin. According
to Wright & Anderson (2000), some crop rotations,
e.g., wheat/maize/millet in no-tillage boost glomalin
production and increase soil aggregation more than
other crop rotations that include sunflower. Therefore,
the crops increasing soil stability and reducing erosion
can often favour production and development of
extraradical hyphae and glomalin fractions (Cardoso
& Kuyper, 2006). Driver et al. (2005) found more than
80 % of all AMF-produced glomalin contained in hyphal
spores; according to these authors, salin contents may
depend on the hyphal volume since glomalin is released
into the soil when hyphae die or senesce.

For the data of total external mycelium length
(TEML), there were significant interactions between
the different crops in both soil types in the sugarcane
fallow period (Table 2). Under S and SHS, TEML was

greater in RLa than in RLe. In RLe, TEML was highest
under SMS. This sequence and SHS also resulted in
the greatest TEML in RLa (Table 2). These results
suggest that grass and legume crops facilitate
mycelial growth in soil. Also, extraradical mycelium
development connects roots of various plants, thereby
altering nutrient uptake dynamics (Silveira & Freitas,
2007) and facilitating plant growth.

For mycorrhization, grasses are particularly
qualified, due to the morphology of their root system,
for having a higher volume of fine roots and an
abundant, fast-growing root system (Cordeiro et al.,
2005). The root system of soybean however has a high
atmospheric N fixation capacity and residues of this
legume are very easily degraded as a result of the
lower C/N ratio, which can contribute to the growth
of native soil AMF. According to Rillig et al. (2002),
the amount of mycelium in AMF accounts for more

Crop (C)
RLe RLa Soil (S) EEG TG

EEG TG EEG TG

mg g-1 soil mg g-1 soil

S 1.19 4.13 0.88 3.45 RLe 1.18 a 4.18 a

SFS 1.12 4.15 0.86 3.35 RLa 0.85 b 3.33 b

SMS 1.17 4.11 0.83 3.24 F (soil) 102.1** 95.7**

SHS 1.24 4.34 0.82 3.25 F (C × S) 0.99ns 1.03ns

F (crop)   1.54ns   0.96ns   0.28ns   0.56ns

CV (%) 7.63 5.96 13.8 8.85

Table 1. Easily extractable glomalin (EEG) and total glomalin (TG) in the 0.00-0.10 m soils layer after the first

sugarcane harvest

S: soybean, SFS: soybean/fallow/soybean, SMS: soybean/millet/soybean, SHS: soybean/sunn hemp/soybean. Values followed by
an identical letter in the same column were not significantly different as per Tukey’s test at α=0.05. ns not significant, **
significant at the p=0.01 level.

Crop (C)
TEML SP(1) AMWD

RLe RLa RLe RLa RLe RLa

S 0.86 Cb 1.29 Ba 0.60 (0.74) Bb 8.00 (1.11) ABa 2.69 Aa 2.98 Aa

SFS 1.47 Ba 1.03 Bb 4.60 (0.98) Aa 4.80 (0.98) Ba 2.50 Aa 2.18 Ba

SMS 2.36 Aa 2.11 Aa 0.80 (0.76) Bb 9.20 (1.15) Aa 2.45 Aa 2.56 ABa

SHS 1.03 Cb 1.79 Aa 1.00 (0.77) Bb 7.00 (1.07) ABa 2.50 Aa 2.07 Bb

F (crops) RLe 37.1** 9.81** 0.67ns

CV (%) 17.2 9.76 11.3

F (crops) RLa 23.1** 3.61* 8.04**

CV (%) 14.5 7.61 13.3

F (soil) 0.19ns 8.95ns 0.26ns

F (C × S) 14.3** 12.0** 3.12*

Table 2. Crop × soil interaction in total external mycelium length (TEML), in spore production (SP) and in

aggregate mean weight diameter (AMWD, mm) in the 0.00-0.10 m soils layer (eutroferric Red Latosol -

RLe and acric Red Latosol - RLa) after the first sugarcane harvest

S: soybean, SFS: soybean/fallow/soybean, SMS: soybean/millet/soybean, SHS: soybean/sunn hemp/soybean, (1) SP: number of
spores per 50 mL soil. The data in brackets are means subjected to a log (x+5) transformation Values followed by an identical
capital letter in the same column or small letter in the same row were not significantly different as per Tukey’s test at α=0.05.
ns not significant, * and ** significant at the p=0.05 and p=0.01 level, respectively.
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than 50 % of the total length of fungal hyphae, which
is equivalent to 20-30 % of all microbial mass in the
soil. Therefore, AMF hyphae are effective mediators
of soil aggregation and constitute a substantial portion
of soil biomass (Miller et al., 1995). Judging from the
absence of correlation between hyphal mass and soil
aggregation found in this work, the hyphae did
probably not act in stabilizing soil aggregates. This
can be ascribed to the soil textural classes - fungal
hyphae are more active in soils containing higher
proportions of sand. Thus, Lutgen et al. (2003)
previously reported a TEML value of 50 m g-1 for
pasture soil containing 145 g kg-1 clay.

The interactions between crops in AMF spore
production (SP) in both soil types were significant
(Table 2). In RLe only SP was highest in SFS. Also,
SP peaked in RLa under SMS and SHS.

There were no significant differences in aggregate
stability (WSA) between crops in either soil (Table 3).
Fernandes et al. (2012) previously found no differences
in WSA in the acric Red Latosol (RLa) either after the
sugarcane fallow period (i.e., after growth of the cover
crops, and a few years before the present experiment
was conducted).

The WSA data of this study suggest that soil tilling
for sugarcane planting may have reduced aggregate
stability in the soils. In fact, WSA was 20, 25, 22 and
30 % lower with S, SFS, SMS, and SHS, respectively,
in RLe than the values previously reported by
Fernandes et al. (2012); and 25, 23, 20 and 18 % lower,
respectively, in RLa. In RLe, WSA was higher than
in RLa (Table 3), as a result of the differences in
textural classes between the two soils. In addition to
climate and soil management practices, texture has
a high influence on aggregate stability because the
soil clay content affects aggregation via the expansion
and dispersion of soil particles.

Madari et al. (2005) studied an eutroferric Red
Latosol containing 726-800 g kg-1 clay, which had been

under no tillage and conventional tillage, under crop
rotation and succession for 12 years, and found no
differences in soil aggregation. Garcia & Rosolem
(2010) examined a Latosol under no-tillage crop
rotation with brachiaria in autumn-winter, sorghum
and sorghum/brachiaria in spring with millet, cover
crop (Sorghum bicolor × S. sudanense), sunn hemp
and fallow, and soil aggregation was also found to be
unaffected by the particular treatment used in the
first year of assessment. However, the WSA after the
third crop rotation year revealed favourable effects of
the previous plant species on the top (0-10 cm) soil
layer. According to these authors, the absence of soil
turnover and the plant residues left on the soil surface,
in addition to continuous root growth, are essential
for preserving and improving soil aggregation.
According to Garcia & Rosolem (2010), aggregation
can be boosted by root exploration, since during plant
growth, soil particles are drawn closer to each other
over time.

Significant differences were stated in aggregate
mean weight diameter (AMWD) between crops and
soils (Table 2). In RLe, AMWD was similar for all
crops; by contrast, in RLa, AMWD was higher in the
treatment S than in SFS and SHS, but similar to
SMS. The AMWD was highest with SHS in RLe.
Garcia & Rosolem (2010) also found that cover crops
(Sorghum bicolor and S. sudanense, sunn hemp and
millet) increased AMWD over fallow from the first
year. They suggested that an increase in dry matter
production by aerial part and root growth in grasses
facilitates soil aggregation.

In this work, Pearson’s correlations between soil
aggregation and aggregate mean weight diameter
with total external mycelium length and glomalin were
not significant in either soil (Table 4). This result
contradicts most previous findings in this respect.
Caravaca et al. (2006) examined aggregate stability
after inoculation with mycorrhizal fungi and found
that fungi increase soil aggregation substantially.
They associated fungal development to an increased
aggregate stability by effect of fungal hyphae
improving the soil structure. In fact, mycorrhizal fungi
are essential for a successful replanting of degraded
areas and soil structure preservation with a view to
avoiding erosion (Caravaca et al., 2006). Thus, several
studies involving inoculation of various AMF species
have revealed beneficial effects on soil aggregation.
For example, Bedini et al. (2009) examined changes
in soil aggregation caused by inoculation of
mycorrhizal fungi of the species Glomus and found
AMWD to be correlated with total hyphal length as
well as with glomalin. Some field studies also revealed
positive correlations between these properties (Fokom
et al., 2012; Wu et al., 2012). In a long-term study of
no-tillage and conventional planting with and without
liming, Albuquerque et al. (2005) found correlations
between aggregate stability and the amount of fungal
mycelia.

Soil use (C)
RLe RLa Soil (S) WSA

WSA

% %

S 76.80 65.80 RLe 74.65 a

SFS 74.20 62.80 RLa 64.10 b

SMS 76.00 63.20 F (soil) 71.85**

SHS 71.60 64.60 F (C × S) 0.78ns

F (crop) 1.62ns 0.40ns

CV (%) 5.42 7.57

Table 3. Aggregate stability (WSA) in the 0.00-0.10 m

soil layer after the first sugarcane harvest

S: soybean, SFS: soybean/fallow/soybean, SMS: soybean/millet/
soybean, SHS: soybean/sunn hemp/soybean. Values followed
by an identical letter in the same column were not significantly
different as per Tukey’s test at α=0.05. ns not significant, **
significant at the p=0.01 level.
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Based on our results, neither AMF hyphal growth
nor glomalin contribute to aggregate stability in either
Latosol (RLe or RLa). In addition to the crops used
during the sugarcane fallow period, the fact that the
study area was previously under a sugarcane
monoculture for years may have affected AMF
propagation at the local level. According to Purin &
Klauberg Filho (2010), efficient glomalin production
by mycelia in soil requires not only deposition and
incorporation of plant residues, but also uptake and
relocation of nutrients to the host plants via the fungi.
Only under these conditions can resources be
efficiently used by mycelia to produce the protein.
Agricultural operations used to plant the crops and
sugarcane in the study area must have resulted in
increased soil turnover and may have disrupted the
AMF hyphal network involving soil aggregates, thereby
reducing glomalin production and potentially affecting
local propagation of the fungi and, ultimately,
diminishing their contribution to aggregate
stabilization. According to Entry et al. (2002), tillage
of the soil surface exposes some fungal structures
acting as propagules (viz, spores, hyphae and colonized
roots), affecting them directly by sunlight, high
temperatures and moisture changes.

The fact that this study involved field work and
the short cultivation period of the crops resulted in
low positive correlations between soil aggregation and
the presence of mycorrhizal fungi. Alternative factors
may thus have played a role in stabilizing soil
aggregates. It is noteworthy that soil aggregation is
known to be affected by other soil microorganisms
such as different fungi and bacteria as well (Tisdall
& Oades, 1979). In addition to substantially
increasing soil quality, and hence agricultural
production, AMF favour the uptake of low-mobility
soil nutrients by plants. It should be noted that most
studies reporting correlations between aggregate
stability indices and mycorrhizal fungi were
conducted with AMF inoculation in several-year-old
no-tillage systems, in greenhouses or in the field.
Although no correlation between these properties was
found here, the results of this study are important
in view of the lack of information about the role of
glomalin and hyphae in stabilizing soil aggregates
(especially in a production environment as that of

sugarcane plantations). Further research is therefore
required on the main factors governing aggregation
in these soils with a view to facilitating the
development of AMF communities, given their
fundamental role in soil aggregation and plant
growth.

CONCLUSIONS

1. None of the crops tested in the sugarcane fallow
period had a favourable effect on aggregate stability
in either soil (RLe or RLa).

2. The treatments soybean (S), soybean/millet/
soybean (SMS) and soybean/sunn hemp/soybean (SHS)
increased the number of AMF spores in the acric Red
Latosol (RLa).

3. Using millet or sunn hemp between two soybean
crops resulted in increased development of total
external mycelium length in the acric Red Latosol
(RLa), and so did use of the sequence soybean/millet/
soybean (SMS) in the eutroferric Red Latosol (RLe).

4. None of the four soil treatments (S, SFS, SMS,
and SHS) altered the glomalin content of RLe or RLa.
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