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Abstract

Sugarcane (Saccharum spp.) is grown on over 8 million ha in Brazil and is used to produce ethanol

and sugar. Some sugarcane fields are burned to facilitate harvesting, which can affect the soil micro-

bial community. However, whether sugarcane pre-harvest burning affects the community of arbus-

cular mycorrhizal fungi (AMF) and symbioses development is not known. In this study, we

investigated the early impacts of harvest management on AMF spore communities and root coloniza-

tion in three sugarcane varieties, under two harvest management systems (no-burning and

pre-harvest burning). Soil and root samples were collected in the field after the first harvest of sugar-

cane varieties SP813250, SP801842, and RB72454, and AMF species were identified based on spore

morphology. Diversity indices were determined based on spore populations and root colonization de-

termined as an indicator of symbioses development. Based on the diversity indices, spore number and

species occurrence in soil, no significant differences were observed among the AMF communities,

regardless of harvest management type, sugarcane variety or interactions between harvest manage-

ment type and sugarcane variety. However, mycorrhiza development was stimulated in sugarcane

under the no-burning management system. Our data suggest that the sugarcane harvest management

system may cause early changes in arbuscular mycorrhiza development.
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Introduction

Sugarcane (Saccharum spp.) is an economically and

ecologically important crop in Brazil, covering 8.5 x 106 ha

(CONAB, 2012) and yielding 23 x 109 L of ethanol and 39

x 106 tons of sugar (2012/2013). During the last few years,

sugarcane cultivation has spread into new areas due to the

increased demand for ethanol, despite the potential envi-

ronmental problems related to agricultural practices. It is

still very common in Brazil the use of pre-harvesting burn-

ing to facilitate manual harvesting, since it eliminates straw

and leaves while preserving stems intact. However, this

practice increases air pollution and greenhouse gas emis-

sions (Crutzen and Andreae, 1990; Fearnside, 2000), and

estimulates constant debate on whether alternative prac-

tices should be used instead. As a consequence, policies to

promote no-burning harvesting practices and reduce envi-

ronmental impacts have been established and motivated

studies on the effects of harvesting practices on plant pro-

ductivity, nutrient use efficiency, and nitrogen fixation, for

instance (Beary et al., 2002; Galdos et al., 2010; Macedo et

al., 2008; Panosso et al., 2011). In addition, the residual

lignocellulosic biomass produced by no-burning practices

could be used as substrate for second-generation ethanol

production (Silva et al., 2010; Soccol et al., 2010). Even

though several studies have been performed in order to un-

derstand the effects of harvesting practices on plant and soil

attributes, their effects on the microbial community of the

Brazilian Journal of Microbiology 45, 3, 995-1005 (2014) Copyright © 2014, Sociedade Brasileira de Microbiologia

ISSN 1678-4405 www.sbmicrobiologia.org.br

Send correspondence to M.R. Lambais. Departamento de Ciência do Solo, Escola Superior de Agricultura “Luiz de Queiroz”, Universidade de São Paulo,

Piracicaba, SP, Brazil. E-mail: mlambais@usp.br.

Research Paper



soil and symbioses are mostly unknown. It has been shown

that the use of pre-harvest burning can affect the soil or-

ganic matter (Canellas et al., 2010; Knicker, 2007; Rumpel

et al., 2006) and the communities of soil microorganisms

(Bastias et al., 2009; Jiménez-Esquilín et al., 2007; Otsuka

et al., 2008). However, there is a lack of information re-

garding the community of arbuscular mycorrhizal fungi

(AMF) and arbuscular mycorrhiza (AM) development in

sugarcane under different harvest management systems.

Sugarcane is known to develop endomycorrhizal

symbiosis with several species of AMF (Nasim et al., 2008;

Reis et al., 2009). In AM, the fungi obtain carbohydrates

from the plant for vegetative growth and spore production

while enhancing plant mineral and water uptake (Smith and

Read, 2008). AM play important roles in natural and agro-

ecosystems by affecting soil structure, phosphorus uptake

and, ultimately, plant community structure (van der Heij-

den et al., 1998; Rillig and Mummey, 2006; Wilson et al.,

2009).

Studies on the interactions between sugarcane and

AMF have been carried out in several countries. In Paki-

stan, Nasim et al. (2008) found that the number of spores of

three Glomus species was increased during a single grow-

ing season and that low AMF root colonization was concur-

rent with severe red rot disease. In Iran, Rokni et al. (2010)

surveyed fungal species diversity in 60 sugarcane fields

and identified 10 species in four genera of AMF. In India,

Srikumar et al. (2009) observed 11 AMF species associated

with sugarcane, whereas Sivakumar (2012) identified 23

AMF species and observed that root colonization ranged

from 60 to 89% in 14 sugarcane fields. In Brazil, Reis et al.

(2009) observed that the level of mycorrhizal colonization

was influenced by sugarcane variety and herbicide type,

whereas Ambrosano et al. (2010) reported a positive corre-

lation between mycorrhizal colonization of previous rota-

tional crops and subsequent sugarcane height. Reis et al.

(1999) studied 14 sugarcane varieties in three geographical

regions of Brazil and observed higher AMF species rich-

ness and spore abundance in fields under no-burning har-

vesting, as compared to pre-harvesting burning. However,

it is difficult to determine whether these differences were

due to distinct harvesting management practices or differ-

ent land use histories.

The hypothesis that burning of straw or vegetative

matter may affect the communities of AMF has already

been evaluated in several instances (Aguilar-Fernández et

al., 2009; Bentivenga and Hetrick, 1991; Eom et al., 1999;

Gibson and Hetrick, 1988; Haskins and Gehring, 2004;

Korb et al., 2004), and some studies have shown that burn-

ing has limited effects on AMF communities. In a tall-grass

prairie in Kansas (USA), Gibson and Hetrick (1988) found

that Glomus fasciculatum was the only species influenced

by burning, when compared to annually and infrequently

burned sites. In Mexico, minor changes in AMF richness,

spore abundance and root colonization were observed after

the slash-and-burn conversion of a tropical dry forest into

pasture (Aguilar-Fernández et al., 2009). Conversely,

O’dea (2007) described lower levels of root colonization

after burning in a semiarid grassland soil (Arizona, USA).

Similarly, Korb et al. (2004) reported that mycorrhizal col-

onization of a bait corn plant was lower inside burned slash

pile scars (pine forest) than outside.

The no-burning practices contribute to the input of or-

ganic matter to the soil after each annual harvest (Galdos et

al., 2009), whereas burning could affect the mycorrhizal

status (Eom et al., 1999; Klopatek et al., 1988). The accu-

mulation of crop residues on the soil surface initially results

in a layer of protective organic material, which decreases

the variation in soil temperature and maintains higher soil

humidity, as compared to systems that do not produce resi-

dues (Dourado-Neto et al., 1999; Tominaga et al., 2002).

Higher levels of crop residues on the soil result also in a

greater storage and release of plant nutrients over time, as

well as changes to the physical attributes of the soil (Blair,

2000; Machado et al., 2010). Thus, the impact of crop resi-

due deposition on soil temperature, humidity, nutrient

availability and physical attributes of the soil may interde-

pendently affect plant physiology and the development of

symbioses, such as AM. Consequently, harvest manage-

ment practices may be important determinants of arbus-

cular mycorrhiza development in sugarcane crops.

However, whether harvest practices have early effects on

the communities of AMF and symbioses development in

sugarcane is not completely understood.

In this study, we evaluate whether there were early

changes in the community of AMF and symbioses develop-

ment after the first harvest of sugarcane with no pre-harvest

burning, as compared to traditional systems using

pre-harvest burning. Considering that the crop residues on

the soil surface may promote higher soil humidity than

burned controls (Dourado-Neto et al., 1999; Tominaga et

al., 2002), and that soil humidity can be positively corre-

lated with root colonization (Lingfei et al., 2005; Shukla et

al., 2012) and AMF richness (Beauchamp et al., 2006;

König et al., 2010), we hypothesized that no pre-harvesting

burning in sugarcane fields increases AMF species richness

and symbioses development even at the first harvest, if

compared to a pre-harvesting burning controls.

Material and Methods

Experimental site

Soil samples were collected at an experimental area at

Novo Horizonte, São Paulo, Brazil, located at 21°31’10” S;

49°13’16” W, and at 440 m of altitude. The soil is a Typic

Eutrustox and the climate is Aw, according to the Köppen

classification, with dry winters and rainy summers. Aver-

age annual precipitation is 1349 mm and average annual

temperature is 23.3 °C. At the sampling time, the accumu-

lated precipitation for the last 12 months was 1140 mm.
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The area is situated inside the largest contiguous sugarcane

cropping region in Brazil. Site history included ten sugar-

cane crop cycles with pre-harvest burning followed by a

single soybean crop.

We evaluated samples from soil and roots under three

sugarcane varieties (SP813250, SP801842 and RB72454)

harvested according to two management systems, i.e. with

and without pre-harvest burning. Sugarcane varieties were

planted spaced 1.5 m between rows, using a strip-plot de-

sign to efficiently apply harvest treatments that require ag-

ricultural traffic and fire control. Two strips containing

three random plots of 15 m x 6 m for each variety were es-

tablished in the field. Each strip was harvested according to

the harvesting management system. Sugarcane was har-

vested from both management areas using a sugarcane har-

vester. 84 days after the first harvest, after the sugarcane

had sprouted and during tillering and rooting, two soil and

root samples (from six random subsamples at depth 0-10

cm) were obtained from each plot. Sugarcane yield after the

first harvest was determined in tons of stems per hectare.

Soil chemical analysis

Soil pH, levels of H+Al, Al, Ca, Mg, P and total or-

ganic carbon content (TOC) were determined according to

Raij et al. (2001). K was measured following the methods

of EMBRAPA (1999). Cation exchange capacity (CEC),

base (Ca + Mg +K) saturation of CEC and Ca, Mg and K

saturation of CEC were calculated.

Arbuscular mycorrhizal fungi in soil

AMF spores were extracted from 50 g of soil by wet

sieving (Gerdemann and Nicolson, 1963) and centrifuga-

tion in water, and in a 70% sucrose solution. The spores

were rinsed with tap water and collected with a 38 �m

sieve. Spores were counted under a dissecting microscope

and mounted on slides using polyvinyl-lacto-glycerol

(PVLG) and PVLG with Melzer’s reagent (1:1, v/v) for

identification. AMF species were identified according to

Schenck and Pérez (1990), and using morphological de-

scriptions from the INVAM website

(http://invam.cav.wvu.edu) and Glomeromycota species

list website (http://www.lrz.de/~schuessler/amphylo/).

Classification of AMF followed that of Redecker et al.

(2013). Frequency of occurrence was calculated as the per-

centage of samples in which a particular species was de-

tected. The Shannon diversity index and the reciprocal of

the Simpson’s index were calculated based on AMF spore

abundance. Estimates of total species richness and sample

coverage were based on the number of species detected in

each treatment and computed using the SPADE program

(Chao and Shen, 2003). Richness was estimated by ACE

(Chao and Lee, 1992) and CHAO-1 methods (Chao, 1984).

Pielou’s index of equitability was calculated as described

by Magurran (1988).

Root colonization

Roots were randomly separated using tweezers (1 g

from each sample), rinsed in tap water to eliminate soil de-

bris, immersed for 15 h in 10% KOH solution at room tem-

perature and then placed in a water bath at 60 °C for 10 min

for clarification. Afterwards, the KOH solution was dis-

carded, roots were washed with tap water and immersed in

a staining solution (5% Parker blue pen ink, 5% acetic acid

and 10% lactic-glycerol for 3 min at 90 °C (Vierheilig et

al., 1998). Mycorrhizal root colonization was measured un-

der a dissecting microscope using the grid-line intersect

method of Giovannetti and Mosse (1980).

Statistical analysis

The GLIMMIX procedure from SAS 9.2 (Littell et

al., 2006) was used to test the effects of harvesting manage-

ment, sugarcane varieties, and harvesting management and

sugarcane variety interactions. Means were compared us-

ing the Tukey-Kramer test (p < 0.05). For normalization,

spore counts were transformed to (x + 0.5)0.5 and root colo-

nization data were transformed to arcsin(x + 1)0.5. Correla-

tions between root colonization and spore number in the

soil were measured by Pearson’s correlation analysis.

Redundancy Analysis (RDA) was performed using

Canoco for Windows software to determine the relation-

ships between AMF occurrence data and environmental

variables (root colonization level and soil attributes). Vari-

ables were chosen by forward selection associated with the

Monte Carlo permutation test to better explain data vari-

ability and determine significant data ordination.

Results

Chemical attributes and sugarcane yield

Most of soil chemical attributes did not present sig-

nificant differences among treatments, with means as fol-

lowing: pH: 5.9 (5.7 to 6.0); H+Al: 12.5 mmolc kg-1 (11.7 to

13.0); Ca: 18.4 mmolc kg-1 (16.8 to19.7); K: 4.0 mmolc kg-1

(3.7 to 4.5); P: 12.9 mg kg-1 (11.2 to 14.5); CEC:

42.5 mmolc kg-1 (40.8 to 44.2); and base saturation: 70.2%

(68.1 to 72.2). Soil chemical attributes with significant dif-

ferences are shown in Table 1. Soil Mg content and Mg sat-

uration were higher (p = 0.0498 and p = 0.0311,

respectively) under pre-harvest burning than under

no-burning management for variety SP813250 (Table 1).

Conversely, Mg saturation was higher under no-burning

conditions than under burning conditions for SP801842 (p

= 0.0064). Mg saturation was also higher for variety

SP801842 than SP813250 under no-burning management

(p = 0.0142). Total organic carbon content (TOC) was

higher (p = 0.0162) under burning than under no-burning

management for SP801842. TOC was higher for RB72454

than for SP801842 under no-burning management (p =

0.0496). Al was not detected in any of the treatments (pos-

sibly due to Al precipitation at ~pH 6.0). Sugarcane yield
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was not affected by variety or harvesting management

practice, with a mean value of 127.4 ton ha-1 (SE = 8.3, n =

3).

Arbuscular mycorrhizal fungi community in the soil

Average AMF spore abundance ranged from 31 to 40

in 50 g of soil for each treatment, with an overall mean of

36.7 per 50 g of soil. However, the differences between har-

vesting management practices (p = 0.83) or varieties (p =

0.53) were not significant.

A total of 37 AMF species (morphotypes) were de-

tected associated with sugarcane. However, 21 morpho-

types were identified only at genus level, since they could

not be assigned to known species. Twenty-two species

were common to both management types, 9 species were

exclusively detected under no-burning management, and 6

species were exclusively detected under pre-harvest burn-

ing management (Table 2). These species were assigned to

the genera Acaulospora, Archaeospora, Rhizophagus,

Glomus, Funneliformis, Paraglomus, Gigaspora,

Scutellospora, and Racocetra (Figure 1). The most fre-

quent species (> 50%) were Acaulospora morrowiae, A.

scrobiculata, Glomus sp. 1, Glomus sp. 6, G.

macrocarpum, and S. pellucida (Table 2). The highest

spore abundances were observed for these same species:

Glomus sp. 6 (217 spores), Glomus sp.1 (150), Glomus

macrocarpum (125), S. pellucida (111), A. scrobiculata

(80) and A. morrowiae (55). These six species accounted

for 79.5% of the total spore population. Most of the species

were detected in < 10% of the samples.

Some species were detected exclusively in samples

from no-burning treatments, such as Acaulospora sp. 6,

Acaulospora sp. 8, R. clarus, C. lamellosum, F. mosseae,

G. tortuosum, Glomus sp. 10, Scutellospora sp. and R.

verrucosa (Table 2). Conversely, Acaulospora sp. 2,

Acaulospora sp. 5, Acaulospora sp. 7, Glomus sp. 8,

Glomus sp. 9 and P. occultum spores were detected only in

samples from the pre-harvesting burning treatment. How-

ever, these species were detected at low abundance levels,

and mostly represented by one spore per sample.

Based on AMF spores, species richness (number of

AMF species observed), Shannon and Simpson diversity

indices, evenness and estimation of total species richness

(ACE and CHAO-1 method) did not differ statistically be-

tween varieties and harvesting management practices (Ta-

ble 3). The number of identified species ranged from

approximately 6 to 9 under each sugarcane variety within

each harvest management practice. The estimated species

number ranged from 6 to 20 (ACE-1 and CHAO-1). The

average estimated sample coverage was 87%, when using

all samples for the estimations.

Root colonization

Mycorrhizal colonization was observed in all sugar-

cane roots, and averaged 30 to 52%. Colonization levels

were higher for all sugarcane varieties under no pre-harvest

burning management (p = 0.0053 for SP813250; p = 0.0058

for SP801842; and p = 0.0018 for RB72454 variety) (Table

4).

Relatioships between AMF community, root
colonization and soil attributes

RDA was applied to the AMF species, root coloniza-

tion, and soil attributes under each sugarcane variety to

better understand their relationships. The first axis ex-

plained 25.3% to 28.3%, and the second 14.0% to 18.2% of

the data variability within each sugarcane variety treatment

(Figure 2 a, b and c). Together, the first two axes explained

42.4%, 43.5% and 44.1% of the data variability for

RB72454, SP813250 and SP801842 variety, respectively.

Harvest management type and the variables chosen by for-

ward selection significantly explained data variability

within sugarcane varieties, according to the Monte Carlo

permutation test (p = 0.01 to 0.038 for the first canonical

axis and 0.012 to 0.044 for the sum of all canonical axes).

On the other hand, RDA did not show grouping of samples

by harvest management, suggesting that pre-harvest burn-
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Table 1 - Chemical attributes of soil cultivated with different sugarcane varieties (SP813250, SP801842 and RB72454), under no-burning and

pre-harvest burning managements.

Attribute Harvest management (HM) HM average Variety

SP813250 SP801842 RB72454

Mg (mmolc kg-1) UNB 7.6 � 0.73 A 7.0 � 0.50 Ba 7.8 � 0.29 Aa 7.8 � 1.04 Aa

BUR 7.5 � 0.71 A 7.7 � 0.76 Aa 7.5 � 0.50 Aa 7.3 � 1.04 Aa

Organic C (g kg-1) UNB 8.6 � 1.60 A 9.1 � 0.44 Ab 7.4 � 1.86 Bb 9.4 � 1.70 Aa

BUR 9.1 � 0.99 A 8.3 � 0.17 Aa 9.9 � 0.60 Aa 8.9 � 1.21 Aa

Mg saturation (%) UNB 17.8 � 1.39 A 16.7 � 1.39 Bb 18.9 � 0.92Aa 17.8 � 1.03Aab

BUR 17.6 � 0.91 A 18.0 � 0.07Aa 17.0 � 0.93 Ba 17.9 � 1.23 Aa

HM average values are average � standard deviation (n = 9). Variety values are average � standard deviation (n = 3). Upper case letters compare the two

harvest managements (UNB, no burning; BUR, burning). Lower case letters within a row compare the interaction between harvest management and vari-

ety treatments. Values followed by different letters are significantly different (Tukey-Kramer test, p < 0.05).
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Table 2 - Abundance of arbuscular mycorrhizal fungi (AMF) spores and frequency of occurrence in soil samples under three sugarcane varieties

(SP813250, SP801842 and RB72454) and harvesting with no-burning (UNB) and pre-harvesting burning (BUR) management.

UNB BUR Frequency

of occur-

rence (%)
Family/Species SP813250 SP801842 RB72454 SP813258 SP801842 RB72454

Archaeosporaceae

Archaeospora trappei (Ames & Linderman) Morton &

Redecker

- 2 2 - 1 - 9.7

Paraglomeraceae

Paraglomus laccatum (Blaszk.) Renker, Blaszk. & Buscot - 1 2 - 3 4 22.6

Paraglomus occultum (Walker) Morton & Redecker - - - 1 - - 3.2

Glomeraceae

Rhizophagus clarus (Nicol. & Schenck) Walker & Schussler 1 - - - - - 3.2

Funneliformis mosseae (Nicol & Gerd.) Walker & Schussler - 1 - - - - 3.2

Glomus coremioides (Berk. & Broome) Redecker & Morton - 2a - 2a - 1a 9.7

Glomus macrocarpum Tulasne & Tulasne 13 4 40 16 36 16 54.8

Glomus sinuosum (Gerd. & Bakshi) Almeida & Schenck 2a - - 3a - 1a 12.9

Glomus tortuosum Schenck & Smith 1 - - - - - 3.2

Glomus viscosum cf Nicol. - - 1 1 2 - 9.7

Glomus sp. 1 21 43 7 44 27 8 67.7

Glomus sp. 2 1 6 2 2 2 - 22.6

Glomus sp. 3 5 1 - 1 - - 12.9

Glomus sp. 4 3 3 4 2 3 1 22.6

Glomus sp. 5 5 4 1 - 2 - 12.9

Glomus sp. 6 47 37 17 44 35 37 67.7

Glomus sp. 7 - - 8 3 - - 9.7

Glomus sp. 8 - - - - 3 - 3.2

Glomus sp. 9 - - - 1 - - 3.2

Glomus sp. 10 1 - - - - - 3.2

Glomus sp. 11 2 1 - - 4 1 12.9

Claroideoglomeraceae

Claroideoglomus lamellosum (Dalpe, Koske & Tews) Walker

& Schussler

- - 1 - - - 3.2

Acaulosporaceae

Acaulospora mellea Spain & Schenck 4 6 2 4 1 21 41.9

Acaulospora morrowiae Spain & Schenck 2 12 6 14 13 8 64.5

Acaulospora scrobiculata Trappe 33 9 6 26 2 4 54.8

Acaulospora sp. 1 2 1 - - 8 2 19.4

Acaulospora sp. 2 - - - - 2 - 3.2

Acaulospora sp. 3 - 1 2 - 1 - 9.7

Acaulospora sp. 4 - 2 2 2 - - 9.7

Acaulospora sp. 5 - - - - 1 - 3.2

Acaulospora sp. 6 - - 1 - - - 3.2

Acaulospora sp. 7 - - - - 1 1 6.5

Acaulospora sp. 8 - 1 - - - - 3.2

Gigasporaceae

Gigaspora sp. 1 2 1 4 4 1 35.5

Scutellospora pellucida (Nicol. & Schenck) Walker & Sanders 20 20 2 28 17 24 67.7

Scutellospora sp. - 1 - - - - 3.2

Racocetra verrucosa (Koske & Walker) Oehl, Souza &

Sieverd.

1 - - - - - 3.2

a – Number of sporocarps.



ing had no effect on the AMF spore community after the

first sugarcane harvest.

The attributes that best explained the variability in the
SP813250 RDA data were total organic carbon (TOC), P
level, K saturation, H+Al level and root colonization (Fig-
ure 2a). According to the RDA, P levels in the soil corre-
lated positively with root colonization, even though there
were no differences in P content among treatments. Most of
the AMF species correlated with the H+Al levels in the soil
and a few of the species correlated with TOC, K saturation
and colonization levels. RDA ordination of the SP801842
data showed no species distribution patterns (Figure 2b).
CEC saturation in Ca, Mg, K, H+Al level and root coloni-
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Figure 1 - Relative frequency of arbuscular mycorrhizal fungi genera, based on number of species detected in soil under three sugarcane varieties

(SP813250, SP801842 and RB72454) and under harvesting with no-burning and pre-harvest burning managements.

Table 3 - AMF Species richness, estimated species richness, diversity index and sample coverage based on spore morphotypes from soil under sugarcane

varieties SP813250, SP801842 and RB72454, harvested with no-burning or pre-harvest burning managements.

Attribute Harvest management (HM) HM average Variety

SP813250 SP801842 RB72454

SAMF
a UNB 6.50 � 1.70 6.17 � 2.26 7.83 � 0.58 5.50 � 1.32

BUR 7.44 � 1.53 8.00 � 0.00 7.00 � 2.29 7.33 � 2.52

Shannonb UNB 1.50 � 0.28 1.38 � 0.25 1.71 � 0.13 1.42 � 0.38

BUR 1.57 � 0.22 1.66 � 0.19 1.59 � 0.20 1.47 � 0.16

1/Db, c UNB 3.93 � 0.95 3.40 � 0.48 4.59 � 0.60 3.79 � 1.39

BUR 4.02 � 1.00 4.50 � 1.12 4.15 � 0.26 3.40 � 0.33

Evennessd UNB 0.82 � 0.08 0.79 � 0.02 0.83 � 0.03 0.84 � 0.14

BUR 0.81 � 0.07 0.81 � 0.11 0.84 � 0.05 0.78 � 0.08

ACE-1e UNB 10.05 � 4.24 10.52 � 6.00 13.13 � 0.49 6.5 � 1.45

BUR 15.47 � 9.87 13.45 � 4.56 10.10 � 15.9 22.85 � 14.8

Chao1e UNB 8.48 � 3.53 8.63 � 5.49 10.72 � 1.67 6.10 � 1.25

BUR 11.51 � 5.37 11.27 � 1.18 8.22 � 9.97 15.05 � 8.76

ESCf UNB 0.89 � 0.06 0.90 � 0.06 0.88 � 0.01 0.89 � 0.09

BUR 0.84 � 0.16 0.91 � 0.01 0.93 � 0.08 0.70 � 0.20

HM average values are average � standard deviation (n = 9). Variety values are average � standard deviation (n = 3). aSpecies richness based on AMF

spores; bShannon index based on maximum likelihood estimator; cReciprocal of Simpson’s index; dPielou’s Evenness index; eNon-parametric stimator of

species richness; fEstimated sample coverage. Means do not differ statistically (Tukey-Kramer test, p < 0.05).

Table 4 - AM fungal colonization (%) of roots of three sugarcane varieties

under harvesting with no-burning or pre-harvest burning managements.

Management

Variety No-burning Burning

SP813250 51.87 � 3.04 aA 36.23 � 2.87 aB

SP801842 45.20 � 9.46 aA 30.10 � 2.29 aB

RB72454 49.33 � 4.29 aA 31.24 � 9.58 aB

Values are average � standard deviation (n = 3). Means followed by the

same lower case letter in a column and upper case letter in a row do not dif-

fer statistically (Tukey-Kramer test, p < 0.05).



zation best explained the data variability in the treatments

under SP801842 variety. For treatments under variety

RB72454, RDA analysis showed TOC, CEC and CEC base

saturation as the soil attributes that best explained data vari-

ability (Figure 2c). Most of the AMF species were nega-

tively correlated with these three attributes.

Discussion

In this study, as expected, we observed no difference

in sugarcane yield between the two harvest management

practices, given that pre-harvest burning takes place at the

end of the sugarcane development cycle and consequently

has little impact on sugarcane production at the first har-

Arbuscular mycorrhiza in sugarcane 1001

Figure 2 - Correlation triplot based on redundancy analysis (RDA) of arbuscular mycorrhizal fungal (AMF) spore, environmental attributes (soil chemi-

cal and AMF colonization) and sample in soil under sugarcane varieties SP813250 (a), SP801842 (b) and RB72454 (c), and under harvesting with

no-burning and pre-harvest burning managements. The two first canonical axes are shown. Soil chemical attributes and AMF colonization were selected

with forward selection to best explain the ordination data. According with Monte Carlo permutation test, p values are < 0.05 for the first and the sum of all

canonical axes in (a), (b) and (c) analysis. OC = organic carbon; P = phosphorus level; Col = root colonization level; H+Al = H+Al level; CEC = cation ex-

changeable capacity; % Base = base saturation of CEC; %Ca, %Mg and %K = respectively calcium, magnesium and potassium saturation of CEC. Size

and orientation of vectors and species represents correlation among them and with the axes.



vest. However, no-burning harvesting management in-

creases sugarcane production after a series of harvesting

cycles (Resende et al., 2006) due to the longer term addi-

tion of organic matter and its effect on the soil structure and

fertility.

After the first harvest, sugarcane harvest manage-

ment had no markedly effect on soil chemical properties.

Although the deposition of crop residues under no-burning

harvest management increased (Galdos et al., 2010; Panos-

so et al., 2011), soil organic carbon levels did not differ be-

tween burned and unburned areas. The lack of variation in

TOC in the soil under the different harvest management

practices may be a result of the insufficient time for sugar-

cane straw to decompose and the resulting carbon to be in-

corporated in the soil under no-burning management.

None of the treatments had significant effect on AMF

spore abundance either. Spore population ranged from 31

to 40 spores per 50 g of soil, which were in the low range of

populations observed by Reis et al. (1999) (19 to

815 spores 50 mL-1), and Nasim et al. (2008) (more than

500 spores 10 g-1). AMF sporulation is partly host-depen-

dent (Al-Raddad, 1995; Bever et al., 1996), and, therefore,

differences between our results and the results of other

studies can be attributed to distinct host genotypes and en-

vironmental factors.

In our study, the dominant AMF species in terms of

abundance and frequency of occurrence in the soil were dif-

ferent from those reported for other sugarcane studies (Reis

et al., 1999; Nasim et al., 2008; Srikumar et al., 2009). Al-

together, these results demonstrate the difficulty in predict-

ing AMF community structure just based on plant host.

Similar difficulties in predicting AMF community structure

were observed for several ecosystems of Brazil (Stürmer

and Siqueira, 2006). In general, the data on AMF spores

abundance suggest that occurrence and dominance of AMF

species are driven not only by intrinsic factors of the host

plant and local soil, but also by historical factors, such as

sugarcane land use history.

Despite the paucity of studies investigating AMF di-

versity and community structure in sugarcane plantations,

the number of AMF species detected in our study (37) is

high, considering that the experiment was carried out in a

small area and only one geographical region. Numbers of

AMF species associated with sugarcane range from 10 spe-

cies, detected using trap plants in soils cultivated with four

sugarcane varieties in Iran (Rokni et al., 2010), to 18 spe-

cies in three different Brazilian fields with 14 sugarcane va-

rieties (Reis et al., 1999), and 23 species in 14 sugarcane

fields in India (Sivakumar, 2012). Given the known diver-

sity of AMF in sugarcane fields, how in the current study

can the relatively high AMF species richness, in a soil un-

der over 10 cycles of sugarcane monoculture and just one

cycle of soybean rotation be explained? The species rich-

ness per treatment (Table 3) is similar to the richness ob-

served in other studies (Rokni et al., 2010). In addition, 9

and 6 AMF species were detected exclusively in the no-

burning and pre-harvest burning treatments, respectively,

suggesting that local-scale factors, such as the interaction

between sugarcane varieties and distinct soil chemical at-

tributes, led to the high diversity of AMF spores in this

small area of sugarcane. In addition, the rotation with soy-

bean might also have contributed to the high diversity of

AMF spores observed.

Indeed, results from the RDA showed that within

each sugarcane variety, AMF species correlate with distinct

soil attributes (Figure 2 a, b and c). Most of the AMF spe-

cies abundance was positively related to H+Al and nega-

tively related to TOC in soil under variety SP813250,

positively related to root colonization, Ca, Mg and K satu-

ration in soil under variety SP801842, and negatively re-

lated to base saturation, cation exchange capacity and TOC

in soil under variety RB72454. These results suggest that

soil chemical attributes play a significant role in determin-

ing the structure of AMF communities, based on spore

morphotypes, in soils cultivated with different sugarcane

varieties. Nevertheless, considering the variation observed,

the predictability of AMF community structure based on

soil chemical attributes is low after the first sugarcane har-

vest.

Despite the significant effect of soil chemical attrib-

utes on the explanation of AMF communities variability in

the soil cultivated with the three sugarcane varieties, persis-

tent correlations were not found among AMF species, envi-

ronmental attributes and management systems (Figure 2).

In addition, RDA did not reveal differences among treat-

ments based on the number of spores from each species or

community structure based on the presence or absence of

species (data not shown), indicating that there are no

changes in soil AMF communities after the first harvest of

sugarcane without or with pre-harvest burning. Similarly,

few alterations in AMF richness in a pasture established af-

ter the burning of a tropical forest were reported (Aguilar-

Fernandéz et al. (2009), suggesting that burning may not be

a driver of the community of AMF, based on spores.

AMF colonization of sugarcane roots in the current

study is within the range observed in other studies, i.e. 10 to

89% in sugarcane under different field and greenhouse con-

ditions (Kelly et al., 2001; Reis et al., 2009; Sivakumar,

2012). However, no-burning management resulted in

higher root colonization after the first harvest, as compared

to pre-harvest burning management. Given that soil me-

chanical interference was homogenous in our experiment,

and that root colonization can be positively correlated with

soil humidity, this differences in root colonization observed

in our study may possibly be due to the higher levels of hu-

midity resulted from crop residue deposition on the soil sur-

face after the harvest (He et al., 2002; Lingfei et al., 2005;

Shukla et al., 2012). Alternatively, the lower levels of root

colonization in the treatments with pre-harvest burning

management may be explained by the negative effect of
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burning on AMF propagules in the soil, as observed in a

semiarid grassland (O’dea, 2007) and in corn grown in soil

from burned slash pile scars of a pine forest (Korb et al.,

2004). Symbioses development can contribute to plant nu-

trition, mycelial growth through the soil and sporulation of

the AMF, and, ultimately, AMF survival in the system.

Therefore, our data suggest that no-burning harvest mana-

gement is more prone to sustain the ecological roles of AM

in the sugarcane fields.

In this study, we have shown that changing from a

long-standing practice of pre-harvest sugarcane burning to

a no-burning harvest management does not affect soil

chemical attributes and AMF community (e.g. spore rich-

ness, frequency of common species, species richness, and

diversity indices) after the first harvest. However, root col-

onization by AMF may benefit from no-burning practices

since the very first sugarcane cultivation cycle. Therefore,

root colonization is a sensitive indicator of environmental

changes in sugarcane fields, since it represents the active

growing phase of intraradical fungi. This study represents

the first step towards understanding the effects of sugar-

cane harvesting management practices on AMF commu-

nity and their functional roles in sugarcane fields. In

addition, our data contribute to background information on

the diversity of an important group of soil fungi and can be

used to help in establishing sustainable management prac-

tices for important cash crops.
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