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Abstract In this study, from 2015 to 2020, the occur-
rence and distribution of fungal diseases in the middle
and late stages of sugarcane growth, and the resistance
of sugarcane varieties were investigated and identified
in low latitude plateaus of Yunnan Province. Yield,
sucrose content and loss rates of sugarcane were mea-
sured and analyzed during the mature period. The results
showed that there were three epidemic fungal diseases
in the middle and late periods of sugarcane growth,
including pokkah boeng, brown stripe and rust diseases.
Mixed infections were common. The pathogens of
pokkah boeng were Fusarium verticillioides and
F. proliferatum, and the dominant species was
F. verticillioides. The pathogen of brown stripe was
Bipolaris setariae; the pathogens of rust were Puccinia
kuehnii and P. melanocephala, and the dominant spe-
cies was P. melanocephala. Among the 34 main culti-
vated varieties tested, there were 18 (52.9%), 24
(70.6%), and 25 (73.5%) were highly to moderately
resistant to pokkah boeng, brown stripe, and rust,
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respectively. Among the 60 new varieties tested, there
were 35 (58.3%), 32 (53.3%), and 41 (68.3%) were
highly to moderately resistant to these three diseases,
respectively. Among them, 14 new varieties were highly
resistant and recommended for rational use. The average
relative yield loss rates due to pokkah boeng, brown
stripe and rust were 38.43%, 25.6% and 24.9%, and the
average sugar content decreased by 3.54%, 2.82%, and
3.11%, respectively. The results improve our knowl-
edge of sugarcane diseases in low latitude plateaus,
and provided guidance for the effective control of the
diseases.

Keywords Sugarcane - Low latitude plateau - Fungal
diseases - Brown stripe - Pokkah boeng - Rust

Introduction

Grain, cotton, oilseed and sugarcane are main agricul-
tural products and of national importance in China. The
development of sugar is a matter of national food safety
and a means to increase the farmer’s income. Yunnan is
the second largest sugarcane growing area in China,
which is located in a low latitude plateau; sugarcane is
planted between 21°8'-29°15’ north latitude and 97°31'-
106°11" east longitude, with the climate and environ-
ment of the sugarcane planting area being complicated
and variable (Zhang et al., 2013). In addition, sugarcane
is a ratoon crop with asexual propagation, with long-
term continuous cropping, resulting in the accumulation
and aggravation of sugarcane diseases. Moreover,
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mixed infection of many pathogens make sugarcane
diseases spread rapidly, and their damage to sugarcane
is extremely serious (Huang et al., 2018; Huang & Li,
2016).

Since 2015, due to rain and high humidity coupled
with large-scale planting of susceptible varieties, a
large-scale outbreak of fungal diseases in the middle
and late stages of sugarcane growth occurred in the
low latitude plateaus of Yunnan Province, resulting in
serious cane yield loss and sugar reduction (Li et al.,
2017; Shan et al., 2015). In most sugarcane planting
areas, large numbers of stalks of susceptible varieties die
because disease control is not in place at the righ growth
stages. Disease incidence was between 60 and 100%,
cane yields decreasedby 30—48%, and sucrose content
decreased by 2-4%, causing huge economic losses (Li
et al., 2017; Shan et al., 2018). Therefore, the accurate
diagnosis and control of epidemic fungal diseases in the
middle and late stages of sugarcane growth has become
an important task for high quality development of the
sugarcane industry.

Epidemic fungal diseases in the middle and late
stages of sugarcane growth mainly include pokkah
boeng, brown stripe and rust. Pokkah boeng is a world-
wide fungal disease caused by Fusarium spp., which
was first discovered in Java in 1890. It is widely distrib-
uted in sugarcane growing countries in the world, and it
often causes varying degrees of economic losses
(Ricaud et al., 1989). Pokkah boeng occurs in all sug-
arcane growing areas in China. It occurred only sporad-
ically before the 1970s, and caused no threat to sugar-
cane production. Damaging epidemics occurred in the
1980s in Guangxi and Guangdong. The main varieties
‘Guitang 11°, “Yuetang 57423’ and ‘Yuetang 54-176’
were highly susceptible to disease, resulting in incidence
0f 30-50%, with the highest value over 80%. Cane yield
and Brix (sugar content) decreased by 14% and 7%,
respectively, which caused serious economic losses to
the local area (Huang et al., 1990; Liu et al., 1991).
Brown stripe is an important leaf disease of sugarcane.
It was first found in Cuba in 1924, and to date, more
than 20 sugarcane growing countries have reported this
disease (Ricaud et al., 1989). It has been reported in all
the sugarcane growing areas of China. The incidence of
brown stripe was more than 80% in severely affected
fields and was described as resembling ‘fire burning’.
Yield losses are generally in the 18-35% range, but can
reach 40% in seriously affected areas, resulting in 15—
30% sucrose yield losses (Huang et al., 2018). Rust
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mainly includes brown rust caused by Puccinia
melanocephala Syd. and orange rust caused by Puccinia
kuehnii Butler (Ricaud et al., 1989). Since the first report
of brown rust in Java in 1980, this disease has rapidly
spread, with outbreaks occurring in most cane-growing
countries (Egan, 1980; Comstock et al., 1992). Orange
rust has a relatively limited distribution, found in India,
Australia, the United States and parts of Latin America
(Egan, 1980; Flores et al., 2009). In mainland China,
brown rust is the main rust type. It was first recorded in
Gengma, Yunnan Province in 1982 (Ruan et al., 1983),
with subsequent reports in Fujian, Guangdong, Sichuan,
Jiangxi, Guangxi and Hainan (Huang & Li, 1998; Wei
et al., 2010).

Few studies exist on pathogen species, damage losses
and causal factors of epidemic fungal diseases in the
middle and late stages of sugarcane growth in low
latitude plateaus. This paper is intended to fill this
knowledge gap.

Materials and methods
Disease investigation and sample collection

During the disease development period from july to
october in 2015-2020, the occurrence and distribution
of epidemic fungal diseases in the middle and late stages
of sugarcane growth in the low latitude plateaus of
Yunnan Province were sampled and disease symptoms
recorded.

For pokkah boeng disease, a three points (three lines)
method was used for sampling. For each point (line),
100 plants were surveyed; thus a total of 300 plants were
surveyed. Incidence was calculated from:

Incidence (%) = (the number of diseased plants /
total number of surveyed plants) x 100%.

For brown stripe and rust disease, a three points
(three lines) method was used for sampling. For each
point (line), 20 plants were surveyed; thus a total of 60
plants were surveyed. The infection status and infected
area (%) of all fully developed leaves was assessed
visually. The disease grade was classified according to
Yang et al. (2010) and Comstock et al. (1992) as fol-
lows: Grade 1, no symptoms; Grade 3, disease lesions in
0-25% of the leaves; Grade 5, disease lesions in 26—
50% of the leaves; Grade 7, disease lesions in 51-75%
of the leaves; and Grade 9, disease lesions in 76—-100%
of the leaves.
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Disease index = [the number of diseased plants at
all grades x corresponding grade value] / [total number
of plants x highest grade value] x 100.

Pathogen identification
DNA extraction

Total DNA was extracted from leaf tissue (0.2 g) using
the Easy Pure™ plant Genomic DNA Kit (TransGen
Biotech Co., Ltd., Beijing, China) according to the
manufacturer’s protocol. The quality of the extracted
DNA was assessed using an AG22331 protein and
nucleic acid analyzer (Eppendorf, Germany). Then, the
DNA samples were stored at —20 °C.

Molecular detection of sugarcane pokkah boeng
pathogens

The specific primers for Fusarium verticillioides and
F. proliferatum, denoted Fv-F4/Fv-R4 and Fp-F3/Fp-
R3, were designed based on the internal transcribed
spacer (ITS) of rDNA (rDNA-ITS), and synthesized
by Sangon Biotech Co., Ltd. (Shanghai, China). Their
sequences are as follows: Fv-F4: 5’-TCGGGGCC
GGCTTGCCGC-3"; Fv-R4: 5°-TACAACTC
CCAAACCCCTGTGAACATAC-3'; Fp-F3: 5°-
GTTTTACTACTACGCTATGGAAGCT-3"; Fp-R3:
5’-CGAGTTTACAACTCCCAAACCCCT-3'. The
size of the expected amplified products was 400 bp.
PCR amplification was carried out in a 25 pL reaction
mixture containing 5.5 uL ddH,0, 12.5 uL 2 x Easy
Taq PCR SuperMix (TransGen Biotech Co., Ltd., Bei-
jing, China), 2.0 pL total DNA template and 2.5 pL of
each primer (10 pmol/L). The reaction was heated to
95 °C for 5 min, followed by 30 cycles of denaturation
for 30 s at 94 °C, annealing for 15 s at 63 °C, and
extension for 30 s at 72 °C, with a final extension for
10 min at 72 °C. PCR products were analyzed by
electrophoresis on a 1.5% agarose gel. Positive clones
were identified by PCR and sent to BGI Sequencing Co.
Ltd. (Beijing, China) for sequencing. After performing a
BLAST search in GenBank, sequence similarity ana-
lysis was performed with DNAMAN, version 6.0.
Based on the alignment results, IDNA-ITS sequences
of sugarcane pokkah boeng pathogens were
downloaded from GenBank to construct a phylogenetic
tree by using neighbor-joining and Kimura 2-parameter
model as implemented in the genetic analysis software

MEGA, version 6.0 (Tamura et al., 2013). Bootstrap
analysis (1000 replicates) was used to estimate stability,
and Sporisorium scitamineum (GenBank accession
number: EF185083) was included as outgroup.

Molecular detection of sugarcane brown stripe
pathogens

Two primer pairs of ITS1 (5’-TCCGTAGGTGAACC
TGCGG-3') / ITS4 (5’-TCCTCCGCTTATTG
ATATGC-3") (White et al., 1990) and gpd1(5°-
CAACGGCTTCGGTCGCATTG-3")/ gpd2(5°-
GCCAAGCAGTTGGTTGTGC-3") (Berbee et al.,
1999) were used for PCR amplification of ITS and
glyceraldehydes-3-phoaphate dehydrogenase (GDPH)
gene sequences respectively. The PCR amplification
mixture (25 pL) contained 8.0 uL ddH,O, 12.5 uL 2
x Easy Taq PCR SuperMix (TransGen Biotech Co.,
Ltd., Beijing, China), 2.5 pL total DNA template and
1.0 pL of each primer (10 pmol/L). The reaction of ITS
and GDPH were heated to 94 °C for 3 min, followed by
35 cycles of denaturation for 30 s at 94 °C, annealing for
45 s at 55 °C, and extension for 45 s at 72 °C, with a
final extension for 10 min at 72 °C. Electrophoresis on a
1.5% agarose gel was used to analyze PCR products.
Positive clones were identified by PCR and sent to BGI
Sequencing Co. Ltd. (Beijing, China) for sequencing.
Sequencing results were searched by BLAST in NCBI,
compared with the known sequences in NCBI, and then
analyzed by MEGA 6.0 software (Tamura et al., 2013).
The phylogenetic tree was constructed by Maximum
Likelihood method, and 1000 replicates of Bootstrap
tests were carried out to determine its classification
status.

Molecular detection of sugarcane rust pathogens

Rust-specific primers Rust2inv (5'- GATGAAGA
ACACAGTGAAA-3") and LR6 (5’-CGCCAGTT
CTGCTTACC-3') described by Aime (2006) were syn-
thesized by Sangon Biotech Co., Ltd. (Shanghai, Chi-
na). The size of the expected amplified products was
1500 bp. PCR amplification was carried out in a 25 uL
reaction mixture containing 10.0 uL ddH,O, 12.5 uL 2
x Easy Taq PCR SuperMix (TransGen Biotech Co.,
Ltd., Beijing, China), 0.5 pL total DNA template and
1.0 puL of each primer (20 pg/uL). The reaction was as
follows: 2 min at 94 °C, 40 cycles of 30 s at 94 °C, 1 min
at 57 °C, 1.5 min at 72 °C, and a final extension for
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7 min at 72 °C. PCR products were analyzed by elec-
trophoresis on a 1.5% agarose gel. PCR products were
excised from the gel and purified using an Axy Prep
DNA Gel Purification Kit (Axygen Biotechnology,
Hangzhou, China). DNA fragments were ligated into
the plasmid vector pMDI18-T (Takara, Dalian, China),
and the recombinant plasmids were introduced into
Escherichia coli strain DH5a (Sangon, Shanghai, Chi-
na) by transformation. Six positive clones from each
sample were selected and the inserts were sequenced at
BGI Sequencing (Beijing) Co. Ltd. After performing a
BLAST search in GenBank, the obtained sequences
were analyzed by DNAMAN version 6.0 (Lynnon
Biosoft, U.S.A) and MEGA 6.0 software (Tamura
et al., 2013) to construct the phylogenetic tree and
determine their classification status.

Determination of cane yield and sugar loss

During the mature harvest period, the cane yield from
damaged and undamaged areas was harvested and
weighed using a three point sampling method
encompassing 66 m> each. After cutting and weighing,
the relative yield loss was calculated as follows:

Relative yield loss (%) = [(measured yield in un-
damaged area — measured yield in damaged area) /
measured yield in undamaged area] x 100%.

During the mature harvest period, damaged and un-
damaged areas were selected to sampling at three points.
Ten healthy plants and 10 diseased plants were random-
ly selected at each point. Two rotatory analysis methods
established by the National Sugar Industry Standardiza-
tion and Quality Detection Center were used to deter-
mine quality indexes including juice yield (%), sucrose
content (%), gravity purity (%) and reduction in sugar
content (%). A fully automatic sugar analysis system,
Rudolph, Autopol 880 + J257 (United States), was
used. The loss of each index was calculated as follows:

Loss = undamaged area—damaged area

Field resistance investigation of different sugarcane
varieties

From 2015 to 2020, during the disease development
period from July to October, the incidence of diseases
in newly planted and ratoon cane of representative main
cultivated varieties and new varieties, was investigated.
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For pokkah boeng disease, according to the meth-
od described plant disease grade was investigated
and calculated. Grades 1, 2, 3, 4, and 5 represented
highly resistant, resistant, moderately resistant, sus-
ceptible, and highly susceptible, respectively. The
corresponding ranges of disease incidence for each
grade were 0.0%, 0.1-10.0%, 10.1-20.0%, 20.1—
40.0%, and 40.1-100.0%, for Grades 1, 2, 3, 4,
and 5, respectively.

For brown stripe and rust disease, the three points
method was used to evaluate field resistance. The dis-
ease incidence of 100 millable plants was investigated at
each point. Therefore, a total of 300 plants were tested
per variety. The disease status and proportion of area
infected in fully developed leaves were assessed by
visual inspection. Field resistance to brown stripe was
rated on a scale of grade 1 to 6 as follows: Grade 1,
highly resistant (HR), no symptoms; Grade 2, resistant
(R), a diseased leaf area < 10%; Grade 3, moderately
resistant (MR), 11-25% diseased leaf area; Grade 4,
moderately susceptible (MS), 26-40% diseased leaf
area; Grade 5, susceptible (S), 41-65% diseased leaf
area; Grade 6, highly susceptible (HS), 66-100% dis-
eased leaf area (Yang et al., 2010). Field resistance to
rust was evaluated using a grading system from 1 to 9,
according to the evaluation method described by Costet
etal. (2012).

Results
Types and distribution of fungal diseases

Based on the investigation and analysis of disease
occurrence in the main planting areas, there were
three epidemic fungal diseases in the middle and late
stages of sugarcane growth, including pokkah
boeng, brown stripe and rust. Moreover, they were
widely distributed in planting areas in the low lati-
tude plateau of Yunnan Province (Table 1). More-
over, in five sugarcane planting areas including
Gengma, Shuangjiang, Zhenkang, Menghai,
Menglian, these three diseases co-occured caused
the most extensive damage (Fig. 1). Among these
three diseases, the outbreak trend of pokkah boeng
was obvious, and the incidence of susceptible vari-
eties was severe, with the disease incidence as high
as 81.2% on average (Table 2).
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Pathogen species identified

Molecular identification results showed that
F. verticillioides and F. proliferatum were the pathogens
causing pokkah boeng disecase and was present as a
mixed infection. The obtained sequences of
F. verticillioides (GenBank accession number:
MZ126549-MZ126555) and F. proliferatum (GenBank
accession number: MZ102259-MZ102265) from seven
mixed infection samples shared 98.6-100% and 100%
nucleotide sequence identity with F. verticillioides iso-
late 20 (GenBank accession number: KU508286) and
F. proliferatum strain Dehong (GenBank accession
number: KJ629482), respectively. The phylogenetic
tree indicated that the pathogens causing pokkah boeng
in Yunnan Province were mainly divided into the
F. verticillioides group and the F. proliferatum group.
In the F. verticillioides group, ROC 25 (Lancang, Yun-
nan) and Funong 10-1405 (Mile, Yunnan) were clus-
tered into an independent branch; the remaining five

Table 1 Geographical distribution of three epidemic fungal dis-
eases in the middle and late stages of sugarcane growth in the low
latitude plateaus of Yunnan Province

Disease Geographical distribution
Sugarcane Gengma, Shuangjiang, Zhenkang, Cangyuan,
pokkah Linxiang, Yunxian, Yongde, Fengqing,

boeng disease  Xinping, Yuanjiang, Menghai, Mengla,
Lancang, Menglian, Ximeng, Jinggu, Jingdong,
Jiangcheng, Jinping, Milei, Yuanyang,
Honghe, Shiping, Kaiyuan, Gejiu, Changning,
Longling, Longyang, Shidian, Tenchong,
Longchuan, Yingjiang, Mangshi, Ruili,
Lianghe, Funing, Malipo, Maguan, Xichou,
Guangnan

Sugarcane Gengma, Shuangjiang, Zhenkang, Cangyuan,
brown Linxiang, Yunxian, Yongde, Fengqing,

stripe disease Xinping, Yuanjiang, Menghai, Mengla,
Lancang, Menglian, Ximeng, Jinggu, Jingdong,
Jiangcheng, Jinping, Milei, Yuanyang,
Honghe, Shiping, Kaiyuan, Gejiu, Changning,
Longling, Longyang, Shidian, Tenchong,
Longchuan, Yingjiang, Mangshi, Ruili,
Lianghe, Funing, Malipo, Maguan, Xichou,
Guangnan

Sugarcane Gengma, Shuangjiang, Zhenkang, Cangyuan,
rust Yunxian, Fengqing, Menghai, Lancang,
disease Menglian, Ximeng, Jinggu, Milei, Shiping,
Kaiyuan, Changning, Longling, Longyang,
Shidian, Longchuan, Yingjiang, Mangshi,

Ruili, Lianghe, Funing, Malipo, Maguan,
Xichou

mixed infection samples were clustered with different
geographical F. verticillioides isolates, and had close
genetic relationship with F. oxysporum Guangxi isolate.
All of the F. proliferatum isolates from different geo-
graphic sources were clustered together into one group.

For brown stripe disease, the molecular identification
results showed that Bipolari setariae was the pathogen.
The ITS sequences (GenBank accession number:
MW466590-MW466591) obtained in this study shared
99.47% and 100% nucleotide sequence identity with
B. setariae model strain CBS 141.31 (GenBank acces-
sion number: EF452444) and strain CBSHNO1
(GenBank accession number: GU290228), respectively.
The GPDH sequences (GenBank accession number:
MW473721-MW473722) obtained in this study shared
99.83% and 100% nucleotide sequence identity with
B. setariae model strain CBS 141.31 (GenBank acces-
sion number: EF452444) and strain CPC28802
(GenBank accession number: MF490833), respectively.
A phylogenetic tree constructed based on ITS and
GPDH gene sequences found that strains of BS1 and
BS2 were clustered into the same branch with
B. setariae.

For rust disease, the molecular identification results
showed that the pathogen present in four rust samples
from Haiyin 1, collected in Menghai city, Yunnan Prov-
ince, was P. kuehnii Butler. Their nucleotide sequences
(GenBank accession number: KP201840- KP201843)
shared more than 99.9% sequence identity with some
reported sequences of P. kuehnii from GenBank
(GenBank accession number: GU058021, GQ283004-
GQ283009), and they were clustered into one branch in
the phylogenetic tree. The pathogen present in 53 rust
samples collected in Baoshan, Lincang,
Xishuangbanna, Puer and Wenshan city was
P. melanocephala. Their nucleotide sequences
(GenBank accession number: KP201824- KP201839,
KU886334-KU886368, and KU 896993-KU 896994)
shared more than 99.8% sequence identity with some
reported sequences of P. melanocephala from GenBank
(GenBank accession number: GU058001 and
JX036025), and they were clustered into one branch in
the phylogenetic tree.

Damage and losses
The occurrence, cane yield and quality results of the

three fungal diseases are shown in Table 2. As can be
seen from Table 2, the degree of damage caused by the
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Fig. 1 Geographical map of severe and overlapping occurrence of sugarcane pokkah boeng, brown stripe and rust diseases

three diseases in different sugarcane areas was different,
and the yield loss and quality were different with varied
degrees of damage. The sucrose content, Brix and grav-
ity purity of damaged plants were significantly lower
than those of healthy plants, while the reduced sugar
content of damaged plants was significantly higher than
that of healthy plants.

Field resistance of different sugarcane varieties

The level of resistance of the 34 main varieties and the
60 new varieties for the three diseases are given in
Table 3. Table 3 shows that 10 main varieties including
“Yuetang 83-88’, ‘Chuantang 61-408’, ‘Guitang 21°,
‘Yunyin 10°, ‘Liucheng 03-182’, ‘Yunyin 58°,
“Yuetang 79—-177°, ‘Yunzhe 05-51°, ‘Guitang 36 and
‘ROC 16, had excellent resistance to these three
diseases.

@ Springer

Table 3 also shows thatl3 new varieties including
‘Guitang 11-1076’, ‘Mintang 12-1404’, ‘Funong 09—
2201°, ‘Funong 09-71111°, ‘Guitang 06-1492’,
‘Guitang 08-1180°, “Yunzhe 11-1074” and ‘Guitang
062081 and ‘Guitang 08-1589° had excellent resis-
tance to these three diseases.

Discussion

Yunnan is the second largest sugarcane growing area in
China, which is located in the low latitude plateau
(97°31'E-106°11'E, 21°8’N-29°15N).. In recent years
disease incidence and severity increased in the middle
and late stage of sugarcane growth, resulting in cane
yield loss and reduction of sugar production (Huang
et al.,, 2018; Huang & Li, 2016). In this paper, we
investigated the fungal diseases in the middle and late
period of sugarcane growth and quantified yield loss.
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Table 2 Effect of three diseases on yield and sugarcane quality
Disease Sugarcane fields Varieties Diseased plant Relative  Sucrose Brix Gravity Reducing
rate (%) or yield loss  content reduced purity sugar
disease index®  rate (%) loss rate (©) reduced  increased
(%) (%) (%)
Sugarcane pokkah Nanhua ROC 25 95 48.5 3.26 4.06 8.14 0.6
boeng disease  shuangjiang Yuetang 93-159 90 34.8 2.63 331 1.99 0.06
Nanhua gengma Yuetang 93-159 90 343 434 432 29 0.15
ROC 22 73.3 40.3 5.21 4.69 6.78 0.11
Yuetang 86-368 63.3 30.2 3.26 2.85 45 0.05
Nanhua huagiao Yuetang 93-159 75 424 298 2.4 4.64 —0.04
Nanhua Yingyu 91-59 82 38.5 3.11 3.18 8.63 0.1
mengsheng
Average of 4 place 81.2 38.43 3.54 3.54 5.37 0.16
Sugarcane brown Nanhua mengyong ROC 25 82.2 19.0 1.38 1.16 2.78 0.0
stripe disease  Nanhua ROC 25 85.6 24.6 291 3.12 3.84 0.46
shuangjiang
Xinping Yuetang 93-159 84.4 259 3.29 3.04 5.99 0.52
nanen
Menglian changyu Yuetang 93-159 86.5 32.8 3.71 3.36 7.74 0.42
Average of 4 place 84.7 25.6 2.82 2.67 5.09 0.35
Sugarcane rust ~ Nanhua gengma Yuetang 60 85.6 31.7 4.24 4.79 6.01 0.02
disease Nanhua huagiao ~ Yuetang 60 84.4 29.5 3.46 335 10.11 0.06
Nanhua Baxi 45 83.3 21.0 3.26 32 7.87 0.3
mengsheng
Menglian changyu Liucheng 81.1 17.3 1.48 1.38 3.96 0.03
03-1137
Average of 4 place 83.6 24.9 3.11 3.18 6.99 0.1

For sugarcane pokkah boeng disease, it was meant the diseased plant rate; for sugarcane brown stripe disease and sugarcane rust disease, it

was meant the disease index

Moreover we characterized the level of disease resis-
tance of a range of varieties. Survey results showed that
there were three fungal diseases, involved, pokkah
boeng, brown stripe and rust. Mixed infection of two
or three diseases was commonRust occurred from June
to September, pokkah boeng occurred from July to
December, and brown stripe occurred from August to
December. Pokkah boeng and brown stripe both oc-
curred in 40 sugarcane growing area. Rust occurred in
28 sugarcane growing area. In the the areas with most
extensive damage, all three diseases occurred (Gengma,
Shuangjiang, Zhenkang, Menghai and Menglian).
There are many Fusarium species which can cause
pokkah boeng disease, and seven species have been
reported, including F. sacchari, F. verticillioides, F.
proliferarum, F. subglutinans, F. andiyazi, F.
incarnatum and F. oxysporum (Khani et al., 2013;
Mohammadi et al., 2012; Samaco & Dela Cueva,
2019). There are differences in the pathogen population

and dominant species of pokkah boeng disease in dif-
ferent countries and sugarcane areas. In Malaysia,
F. sacchari, F. proliferatum and F. subglutinans were
identified as the causal pathogens (Siti Nordahliawate
et al., 2008). In Iran, F. verticillioides, F. proliferatum,
and F. subglutinans were the causal pathogens (Khani
et al., 2013; Mohammadi et al., 2012). In South Africa,
F. sacchari, F. proliferatum and F. andiyazi were the
causal pathogens (Govender et al., 2010). In Philip-
pines, F. sacchari, F. proliferatum, F. incarnatum,
F. verticillioides and F. subglutinans were the causal
pathogens (Samaco & Dela Cueva, 2019). In this study,
it was found that F. verticillioides and F. proliferatum
were the pathogens of pokkah boeng disease in the low
latitude plateau of Yunnan Province, which was consis-
tent with the research results of Lin et al. (2014) and
Guo et al. (2019).

There are relatively few reports on the pathogens caus-
ing brown stripe disease. Qian et al. (2015) reported that
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Table 3 Field resistance to three diseases in different sugarcane varieties

Type Varieties Sugarcane pokkah boeng Sugarcane brown Sugarcane rust
disease stripe disease disease

Grade Resistance response  Grade Resistance response Grade Resistance response

Main cultivated varieties Yuetang 83-88 1 HR 1 HR 1 HR
Chuantang 61408 1 HR 1 HR 1 HR
Guitang 21 1 HR 1 HR 1 HR
Yunyin 10 1 HR 2 R 3 MR
ROC 20 1 HR 4 MS 1 HR
Liucheng 03-182 2 R 2 R 1 HR
Yunyin 58 2 R 2 R 1 HR
Yuetang 79-177 2 R 3 MR 1 HR
Yunzhe 05-51 2 R 1 HR 3 MR
Guitang 36 2 R 2 R 3 MR
Baxi 45 2 R 3 MR 9 HS2
ROC 16 3 MR 3 MR 1 HR
Liucheng 05-136 3 MR 2 R 4 MS
Yuetang 60 3 MR 3 MR 9 HS2
Mintang 69-421 3 MR 5 S 1 HR
Yuetang 60 3 MR 3 MR 9 HS2
Guitang 46 3 MR 3 MR 9 HS2
Guitang 29 3 MR 5 S 5 S1
ROC 10 4 S 1 HR 1 HR
ROC 22 4 S 2 R 1 HR
Yunzhe 05-49 4 S 2 R 2 R
Yuetang 86-368 4 S 3 MR 1 HR
Yuetang 00236 4 S 4 MS 2 R
Yunyin 3 4 S 6 HS 1 HR
Dezhe 03-83 4 S 3 MR 7 S3
ROC 1 5 HS 1 HR 1 HR
Yunzhe 03-258 5 HS 1 HR 2 R
Yingyu 91-59 5 HS 2 R 1 HR
Chuantang 79-15 5 HS 2 R 2 R
ROC 25 5 HS 6 HS 1 HR
Yuetang 93-159 5 HS 6 HS 2 R
Guitang 11 5 HS 6 HS 3 MR
Liucheng 03-1137 5 HS 5 S 8 HS1
Guitang 42 5 HS 6 HS 4 MS

New varieties Guitang 11-1076 1 HR 1 HR 1 HR
Mintang 12-1404 1 HR 1 HR 2 R
Funong 11-2907 1 HR 5 S 1 HR
Yuegan 49 1 HR 5 S 9 HS2
Mintang 11-610 1 HR 6 HS 7 S3
Funong 09-2201 2 R 1 HR 1 HR
Funong 09-7111 2 R 2 R 1 HR
Guitang 06-1492 2 R 2 R 2 R
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Table 3 (continued)

Type

Varieties

Sugarcane pokkah boeng

discase

Sugarcane brown
stripe disease

Sugarcane rust

disease

Grade

Resistance response

Grade Resistance response

Grade Resistance response

Guitang 08—-1180
Yunzhe 11-1074
Guitang 06-2081
Guitang 08-1589
Funong 10-14,405
Yuegan 47
Guitang 44
Dezhe 07-36
Yuegan 46
Funong 09-6201
Mintang 06-1405
Guitang 40
Yuegan 48
Liucheng 09-15
Yunzhe 11-1204
Funong 07-3206
Zhongzhe 1
Yunzhe 11-3898
Guitang 08-120
Yunrui 10-187
Yuegan 50
Funong 09-12,206
Funong 09-4095
Funong 10-0574
Zhontang 1202
Haizhe 22
Mintang 07-2005
Yunzhe 08-1095
Yunzhe 08-1609
Yunzhe 11-3208
Yuegan 51
Zhontang 1201
Dezhe 09-78
Guitang 13-386
Liucheng 07-150
Zhongzhe 10
Guitang 08-1533
Zhongzhe 6
Dezhe 12-88
Funong 08-3214
Yunrui 12-263
Yunrui 11-450

2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

AF AR RARAIAIAIARAA
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R
R
MR
MR
HR
R
HR
HR
MS
HS
S
HS
HR
HR
HR
MR
MS
S
HS
HS
HS
HS
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MS
S
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S
HR
HR
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R
R
MR
MR
MS
MS
S2
S3
S3
R
MR
S3
HR
HR
HR
MR
HR
HR
HR
HR
R
R
MR
MR
MR
MS
S1
HR
HR
R
R
R
R
HS1
S1
MR
HR
R
HR
R
S1
MR
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Table 3 (continued)

Type Varieties Sugarcane pokkah boeng Sugarcane brown Sugarcane rust

disease stripe disease disease

Grade Resistance response  Grade Resistance response Grade Resistance response
Yuegan 52 4 S 4 MS 5 S1
Haizhe 28 4 4 MS 5 S1
Yuegan 43 4 6 HS 9 HS2
Zhongzhe 13 5 HS 1 HR 2 R
Liucheng 09-19 5 HS 2 R 2 R
Yuegan 53 5 HS 3 MR 3 MR
Yunzhe 09-1601 5 HS 2 R 9 HS2
Zhontang 1301 5 HS 3 MR 4 MS
Yunrui 10-701 5 HS 4 MS 2 R
Liucheng 07-506 5 HS 6 HS 6 S2

HR: highly resistant; R: resistant; MR: moderately resistant; MS: moderately susceptible; S1: susceptible 1; S2: susceptible 2; S3: susceptible

3; HS1: highly susceptible 1; HS2: highly susceptible 2

the pathogen of brown stripe disease in Hainan was
Bipolaris. Only Raza et al. (2019) found B. setariae on
sugarcane leaf lesions in Guangxi and Guangdong, as we
also found in the low latitude plateau of Yunnan Province.

In this study, P. kuehnii that causes orange rust disease
was found in Menghai city and P. melanocephala that
causes brown rust was confirmed to be the dominant
species in the low latitude plateau of Yunnan Province.
P. kuehnii is a pathogen that develops epidemics infre-
quently but does causes high economic losses once it
breaks out. The economic losses caused by orange rust
exceed $1.77 billion (USD) in Australia and $400 million
(USD) in the state of Florida, USA, annually (Braithwaite
et al., 2009; Dixon et al., 2010). Even though organge
rust poses high risks, research on the identification and
evaluation of sugarcane germplasm and cultivars for rust
resistance in China have only focused on brown rust (Li
et al., 2005, 2007, 2008, 2016). In the future, efforts
should be focused on adjusting the strategy of breeding
sugarcane with rust resistant cultivars, and increasing the
evaluation and screening of sugarcane sources that are
resistant to orange rust.

Our research showed that the main popularized vari-
eties which were planted in large scale, were highly
susceptible to diseases. Their susceptibility is one of
the main reasons for the outbreak of epidemic fungal
diseases in recent years. Wang et al. (2016) discovered
that the highly susceptible varieties ‘Yuetang 93-159”,
‘Liucheng 03-1137° and ‘Guitang 42’ exhibited

@ Springer

resistance in Guangxi, bu. ourstudy indicates they are
highly susceptible to all three disecases. Whether this
difference is related to the pathogen population, envi-
ronmental condisions or even the identification methods
in various places needs further studies. Fourteen elite
varieties, bred in recent years, exhibited high levels of
disease resistance. It is suggested that the major varieties
that were susceptible including, Table 3, should be not
be grown in areas with high disease pressure.The new
resistance varieties, Table 3,should be distributed to
achieve effective control the diseases.
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