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Smut, caused by Sporisorium scitaminea Sydow, is one of the main destructive diseases in
sugarcane (Saccharum spp.). To assess the resistance of sugarcane to smut, two different isolates
of S. scitaminea were inoculated to sugarcane plants by means of pin-prick dipping in nodal buds.
Data on the disease latent period and disease incidents per population were recorded and
analyzed. Results showed the inoculum used in the present study was the S. scitaminea race 2
according to the resistance levels of standard control varieties F134 and NCo310. While the
variety NCo0376 used to be immune to smut became susceptible, inferring the pathogenicity of S.
scitaminea in our study was stronger than that reported previously, or it had generated virulence
mutations. The “+” and “-” mating type sporidia mixture (1:1) as inoculum gave better results
than teliospores suspension inoculation, indicating the sporidia suspension by pin-prick dipping
inoculation is more appropriate for identifying primary sources of resistance. Six sugarcane
clones (GT36, GT37, YT93-159, GXS85-30, GXS145 and GXS222) were found to have higher
levels of resistance to smut than others, so they could be useful resources to improve smut
resistance in sugarcane breeding.

Copyright © 2015 Cui-Feng Yang et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Successful infection is only achieved after teliospores land on
a sugarcane bud, germinate and produce the dikaryotic

Smut caused by the fungus Sporisorium scitaminea Sydow is a
major disease in sugarcane that occurs in all sugarcane-
producing countries except Papua New Guinea, which can be
responsible for serious yield losses (Su et al., 2013). S.
scitaminea belongs to the Basidiomycetes, and the spores
produced by the whip are diploid teliospores. This pathogen
produces two opposite mating types of sporidia, “+” and “-”,
which are able to work together to form dikaryotic hyphae
(Alexander et al., 1978; Croft et al., 2006).
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infection hyphae. The infection causes the growing point
mutation that produces black whips eventually (Fontaniella
et al., 2002; Shamsul et al., 2012). The most efficient and
cost-effective way of controlling the disease is use of resistant
varieties. An important strategy for controlling smut disease
on a broad scale is selection and planting of resistant
sugarcane cultivars. To assess smut reaction, researchers
typically use a dip inoculation assay in which nodal buds are
immersed briefly in a suspension of mixed teliospores and
then planted in the field (Wang et al., 2010; Huo et al., 2013;
Shen et al., 2011, 2014). The use of teliospore suspension
have already been demonstrated as a wide inoculum for
detection of sugarcane resistance to S. scitaminea disease, but
its complexity like collecting teliospores in the field, unstable
field results due to lack of uniform inoculum, impossibility in
identifying the physiological race, etc. made it unappealing to
investigators.



4413 Yang-Rui Li et al., Evaluation of two forms of Sporisorium scitaminea sydow inoculum in sugarcane

To fungal disease, identifying physiological races of pathogen
is the key for disease resistance breeding because they are the
result of pathogenic virulence differentiation. The sporidia
suspension of S. scitaminea as inoculum was proved having
many advantages viz. no need to collect teliospores before
planting, using the same strains for a series of experiments or
repeat tests, etc. (Chen et al., 2013). In addition, it has the
benefits of short incubation period, high incidence, fully
identifying the resistance levels of host varieties and assessing
the virulence strength of inoculum (Shen et al., 2014). To date,
little has been done in using sporidia suspension inoculum to
assess sugarcane resistance to smut. It is necessary to have an
effective inoculation method that is practical, rapid, sensitive
and reliable in identifying sugarcane resistance to smut. The
objective of this work was to assess the feasibility of the
sporidia mixture of “+” and “-” mating types (1:1) and
teliospores suspension of S. scitaminea by means of pin-prick
dipping inoculation, in order to explore a novel method for
identification of sugarcane resistance to smut by skipping bud
morphological obstacle, and to evaluate the resistance to smut
of commercial sugarcane cultivars and S. spontaneum
accessions.

MATERIALS AND METHODS
Plant Materials

Twelve sugarcane cultivars GT29, GT32, GT36, GT37, GT40,
GT42, GT43, ROC10, ROC16, ROC22, YT93-159 and YT94-
128, six S. spontaneum materials GXS87-16, GXS85-30,
GXS145, GXS165, GXS222 and GXS238, and four standard
control varieties: F134 (resistant to S. scitaminea race 1 but
susceptible to race 2), NCo310 (resistant to S. scitaminea race
2 but susceptible to race 1), NCo376 (immune to S. scitaminea
races 1 and 2) and YC71-374 (susceptible to S. scitaminea
races 1 and 2) were used as the plant materials. “GT” is short
for “Gui Tang”, and GT varieties are bred by Sugarcane
Research Institute, Guangxi Academy of Agricultural
Sciences/Sugarcane Research Center, Chinese Academy of
Agricultural Sciences; “ROC” varieties are bred by Taiwan
Sugar Research Institute; “YT” is short for “Yue Tang”, and
YT wvarieties are bred by Guangzhou Sugarcane Industry
Research Institute; “YC” is short for “Ya Cheng”, and YC
varieties are bred by Hainan Sugarcane Breeding Station;
“NCo” varieties are bred by South Africa; S. spontaneum
accessions (GXS) were collected from Guangxi region, China
by Sugarcane Research Institute, Guangxi Academy of
Agricultural Sciences/Sugarcane Research Center, Chinese
Academy of Agricultural Sciences.

Teliospores Collection, Preservation
Determination

and Viability

Whips from smut-infected plants were collected from the host
sugarcane variety F134 cultivated in Sugarcane Research
Institute, Guangxi Academy of Agricultural Sciences/
Sugarcane Research Center, Chinese Academy of Agricultural
Sciences, Nanning, China, of which the teliospores were put in
paper bags and stored at 4°C until naturally dried. Teliospores
were spread on yeast extract peptone sugar (YEPS) medium
containing 50 pug/mL ampicillin (Shenggong, Shanghai, China)
after they were fully mixed in sterile water, cultured for 2-3

days at 28°C, and then teliospores germination rate and hyphae
growth were detected with microscope.

Single Spore Isolation and Identification of Mating Type

Fresh teliospores from sugarcane variety F134 was used for
gradient dilution with sterile water and plated onto YEPS
medium containing pg/mL ampicillin. The plates were
incubated for 2 days at 28°C for sporulation. A single colony
was transferred onto the new YEPS medium and cultured at
28°C for 2 days. A number of "yeast-like" single colonies were
randomly picked up and placed in 400 pl. YEPS liquid
medium, respectively, to make hybridization on another new
YEPS medium after they were shaken with 150 rpm for 1 day
at 28°C, and cultured for 3 days at 28°C. If the colony is Fuzz-
like, the two strains are opposite (+, -) mating types of haploid
sporidium; if it is yeast-like, the two strains are the same (+, +
or -, -) mating type haploid sporidium. The concentration of
spores was adjusted to 5x10° spores/mL using a
hemacytometer (Nikon, Tokyo, Japan).

Infection Experiments

Pin-prick dip inoculation was used to inoculate the “+” and “-”
mating types mixture of sporidia (sporidia suspension) of S.
scitaminea in sugarcane. Twenty six double bud seedcane setts
were taken from each tested material. For inoculation,
seedcane setts were needled 6 times around each bud using
insect pin, and soaked in a mixture of sporidia suspension
(5%10° spores/mL) for 10 min. The inoculated seedcane setts
were kept in greenhouse with moisture for 48 h at 28°C
before planted in the field. A completely randomized block
design was used with single line of 5.0 m in length, 1.0 m in
space, and two replications. Each plot had total 26 buds.

Field Investigation and Disease Incidence Grading

Emergence number, smut whip originating date, cumulative
diseased stalks, total stalks, cumulative diseased clumps and
cumulative incidence were investigated since inoculation. The
investigations were conducted every 7 days at primary
infection stage, and every 15 days afterwards till the end of
smut whip generation. Each diseased plant or clump was
labeled in each investigation. The sugarcane smut response
was measured according to cumulative incidence using a 1-9
rating scale: 1 = 0-3 % (highly resistant), 2 = 4-6 % (resistant
1), 3 =79 % (resistant 2), 4 = 10-12 % (moderately
resistant), 5 = 13-25 % (moderately susceptible), 6 =26-35 %
(susceptible 1), 7 = 36-50 % (susceptible 2), 8 = 51-75 %
(highly susceptible 1), and 9 = 76-100 % (highly susceptible
2).

RESULTS

Isolation of Single Spore and Identification of Mating Type

In the present study, we successfully isolated the sporidia from
sugarcane smut whips and obtained the opposite mating types
of sporidia. The chlamydospores were nearly round and sepia
under optical microscope (Fig. 1 A), and they are dormant
teliospores that can germinate and produce white woolly
single colonies on YEPS medium (Fig. 1 B).
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Table 1. Smut incidence, latent period and resistance evaluation levels of the tested sugarcane genotypes

Pin-prick dipping of sporidia suspension Pin-prick dipping of teliospores suspension

Genotype Latent Disease Resistance  Resistance Latent Disease Resistance  Resistance
period (d) incidence (%) grade types period (d) incidence (%) grade type
GT29 47 24.05 5 MS 61 19.26 5 MS
GT32 40 32.69 6 S1 82 18.06 5 MS
GT36 82 3.13 1 HR 124 2.78 1 HR
GT37 82 3.85 2 R1 - 0.00 1 HR
GT40 75 14.76 5 MS 110 2.00 1 HR
GT42 68 34.14 6 S1 68 15.19 5 MS
GT43 47 32.46 6 S1 61 17.09 5 MS
ROC10 54 16.67 5 MS 89 13.25 5 MS
ROC16 54 27.78 6 S1 82 13.89 5 MS
ROC22 54 18.97 5 MS 82 18.11 5 MS
YT93-159 75 9.09 3 R2 - 0.00 1 HR
YT94-128 54 18.43 5 MS 54 18.68 5 MS
F134 61 63.33 8 HS1 61 50.88 8 HS1
NCo310 - 0.00 1 HR - 0.00 1 HR
NCo376 61 30.67 6 S1 68 23.33 5 MS
YC71-374 68 46.11 7 S2 68 4243 7 S2
GXS87-16 68 23.53 5 MS 82 16.67 5 MS
GXS85-30 - 0.00 1 HR - 0.00 1 HR
GXS145 82 3.57 2 R1 89 2.78 1 HR
GXS165 75 2222 5 MS 75 23.70 5 MS
GXS222 - 0.00 1 HR - 0.00 1 HR
GXS238 61 15.29 5 MS 68 13.21 5 MS

A: Teliospores of S. scitaminea Sydow (1000x); B: Woolly monocolony; C: Yeast-like monocolony; D: Sexual mating of monosporidia.
White woolly colonies are “+” and “-”mating type strains

Fig. 1. Monosporidial isolation and sexual mating of Sporisorium scitaminea Sydow



4415 Yang-Rui Li et al., Evaluation of two forms of Sporisorium scitaminea sydow inoculum in sugarcane

A: The haploid sporidia derived from teliospore germination of S. scitaminea (1000%); B: Woolly dikaryon hyphae derived from teliospore
germination of S. scitaminea

Fig. 2. Viability determination for teliospores of Sporisorium scitaminea Sydow

Sexual mating of yeast like single colonies (Fig. 1 C) could be
used to identify the mating type. If a yeast-like colony
generates, it means that the two sporidia are the same mating
type, and if a white woolly colony produces, it means that the
two sporidia were the opposite mating types (Fig. 1 D).

Viability Detection for Teliospores

The teliospores (chlamydospores) cultured on YEPS medium
generated dikaryotic infection hyphae (Fig. 2 A, B). Test
results showed 90 % of the teliospores were active, which
were qualified enough for inoculation.

Latent Period and Incidence

Disease latent period is an important indicator to evaluate the
ability of host defense against the invasion of pathogens. Smut
latent period in the 22 tested sugarcane clones were 40-82
days after sporidia inoculation, while 54-124 days in
teliospores inoculation (Table 1). Among them were 5
genotypes showing the same smut latent period in two
inoculation tests, 17 genotypes showing 7-42 days shorter in
sporidia inoculation than in teliospore inoculation, and nine
showing more than 14 days shorter which accounted for
40.91% of the tested genotypes. Smut incidence in the 22
sugarcane clones were between 0 and 63.33 %, and we
observed that those having a longer latent period showed
lower smut incidence, while those having a shorter latent
period recorded a higher smut incidence.

Identification of Sugarcane Smut Resistance

By means of sporidia inoculation, the standard control
sugarcane varieties F134, NCo310, NCo376 and YC71-374
showed highly susceptible 1, highly resistant, susceptible 1
and susceptible 2 to smut, respectively. The accessions of
GT36, GXS85-30 and GXS222 had high level of resistance
against smut; GT37, YT93-159 and GXS145 showed
resistance to smut; GT29, GT40, ROC10, ROC22, YT94-128,
GXS87-16, GXS165 and GXS238 had moderate susceptibility

to smut accounting for 50 % of the tested genotypes; and the
rests, GT32, GT42, GT43 and ROC16, showed susceptible 1
to smut. That is, 66.67% of the tested genotypes (except 4
standard control varieties) were susceptible to smut. The
results of teliospore inoculation shown that the standard
control varieties F134, Nco310, Nco376 and YC71-374 had
levels of highly susceptible 1, highly resistant, moderately
susceptible and susceptible 2 to smut, respectively. Seven
genotypes (account for 38.89%) viz. GT36, GT37, GT40,
YT93-159, GXS85-30, GXS145 and GXS222 were highly
resistant against smut, while the other 11 genotypes were all
moderately susceptible to smut, account for 61.11% of the
tested genotypes. Comparing the effects of the two forms of S.
scitaminea inoculum in sugarcane, 13 of the tested genotypes
had the same resistance level to smut in the present study,
while the other genotypes showed 1 to 4 levels of lower
resistance against smut in sporidia inoculation than in
teliospore inoculation. The biggest change was observed in
GT40, which was highly resistant (level 1) to smut in
teliospore inoculation but became moderately susceptible
(level 5) to smut in sporidia inoculation.

DISCUSSION

F134, NCo0310 and NCo0376 are hosts varieties of differential
S. scitaminea races in China (Hisich and Lee, 1978; Xu,
2000). The smut incidence occurred in the four standard
control varieties, which was an indicator of a successful
inoculation. In the present study, we inferred the pathogen
used for inoculation was S. scitaminea race 2 according to the
performance of F134 (resistant to race 1 but susceptible to race
2) and NCo310 (resistant to race 2 but susceptible to race 1).
But smut incidence of NCo376 (immune to race 1 and race 2)
were 30.67% and 23.33% (Table 1), respectively, indicating
that the pathogenicity of S. scitaminea in this study was
stronger than that previously reported, or it had generated
virulence mutations (Shen et al., 2011, 2013, 2014), which
made NCo376 susceptible to smut. An effective program in
sugarcane breeding for resistance to smut, caused by S.
scitaminea, requires an inoculation method that is practical,
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rapid and reliable. Furthermore, the inoculation process must
result in sufficiently high levels of disease to discriminate
between susceptible and resistant genotypes. Previous studies
have proven that smut disease resistance is closely associated
with the structure characteristics of sugarcane buds, like bud
size, groove depth, bud-scale compact degree, bud hole
location etc. (Gloria et al., 1995; Gong et al., 1996). The pin-
prick dipping inoculation used in this study excluded the
morphological obstacles of cane buds and imported the
pathogen directly into the bud tissue, in order to detect the
smut reaction directly at physiological and biochemical level.
Gao et al. (2013) proved this method is effective than dip
inoculation by inoculating teliospores suspension in 8§
sugarcane varieties. The dipping inoculation with sporidia
suspension of S. scitaminea in sugarcane was studied by Chen
et al. (2013), the same inoculation but using teliospores
suspension was studied by Shen et al. (2011), and the results
showed 5/6 of the same tested sugarcane clones had the
uniform level of smut resistance.

But between the two inoculums done by means of pin-prick
dipping inoculation assay in the present study, the sporidia
inoculation produced symptoms in a shorter latent time, and
gave a higher incidence and a shorter period for identification
compared to teliospores inoculation. The effects of sporidia
suspension of S. scitaminea were in accordance with Shen et
al. (2014) in which injection inoculation had been done in
sugarcane seedlings. This study showed that the sporidia
inoculum by a pin-prick dipping inoculation is more
appropriate for identifying primary sources of resistance. It
took shorter time for disease development using sporidia since
inoculation in plants as compared to teliospores inoculation. In
addition, this method may be used in some instances
especially in genetic mapping studies of smut resistance. Of
the 18 genotypes evaluated, GT36, GT37, YT93-159, GXS85-
30, GXS145 and GXS222 were resistant or even highly
resistant to smut, which can be used as resistance sources for
breeding smut resistant cultivars. In this study, 66.67 % of the
tested genotypes were susceptible to smut, indicating smut is a
widespread sugarcane disease in China.

Some of the smut-resistant varieties may have already lost
resistance and become susceptible to smut for some reasons.
For instance, ROC10 used to be highly resistant to smut
showed susceptible in the present study. The data on GT29
that moderately susceptible to smut was not accordant to the
practical performance in commercial production (Zhang et al.,
2011), which showed high resistance to smut in fields. ROC22
is the main sugarcane cultivar in mainland China which is
smut-susceptible (Su ef al., 2013), and even though application
of smut pathogen free healthy seedcanes could not get ideal
results, but it was identified as moderately susceptible. These
may probably due to the influences of environmental factors
and new physiological races (Gao et al. 2013), and crop
seasons and years (Wu et al., 1983; Olweny et al., 2008) and
pathotypes of isolates could also influence the development
of smut. It is urgent to screen a set of new sugarcane hosts
for smut physiological races identification, and select
resistant sources for application in smut-resistant breeding
(Shen et al. 2013). In addition, molecular marker-assisted
breeding, molecular genetic map and QTL mapping on smut

pathogenicity may be helpful to improve the breeding
efficiency.
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