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Berkeleyomyces rouxiae is a
causal agent of root rot
complex on faba bean (Vicia
faba L.)

Juechen Long™*, Wenqi Wu®™, Suli Sun™, Yang Shao?,
Canxing Duan?, Yanping Guo*® and Zhendong Zhu™

Hnstitute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing, China, ?Institute of
Specialty Crop, Chongging Academy of Agricultural Sciences, Chongging, China, 3Linxia Institute of
Agricultural Sciences, Linxia, Gansu, China

Faba bean (Vicia faba L) is an important food and feed legume crop in the
world. The root rot complex caused by various pathogens is a main constraint
in faba bean production. In April 2021, a severe disease of faba bean with
symptoms of black necrosis on roots occurred in experimental fields at the
Linxia Institute of Agricultural Sciences, Gansu Province, China. This study
aimed to identify the pathogen and evaluate the resistance of faba bean
cultivars. The pathogen was isolated from infected soils, and five
representative isolates were identified as Berkeleyomyces rouxiae based on
morphological characteristics, pathogenicity, and molecular phylogenetic
analyses. A host range test showed that chickpea, common bean, cowpea,
mung bean, rice bean, lentil, and hyacinth bean were susceptible hosts of the
faba bean isolate, whereas adzuki bean, pea, and soybean were non-
susceptible hosts, and maize and wheat were non-hosts. ldentification of
resistance among 36 faba bean cultivars was carried out, and six cultivars
were found to be moderately resistant to B. rouxiae. In this study, we first
reported black root rot on faba bean caused by B. rouxiae, confirmed and
expanded the host range of B. rouxiae, and identified resistant faba
bean cultivars.
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Introduction

Faba bean (Vicia faba L.) is one of the earliest legumes to have been domesticated and
ranks fourth in terms of cultivation area among the cool-season food legumes after pea,
chickpea, and lentil in this world (Kaur et al., 2014). Faba bean seeds have a high protein
content, are a good source of mineral nutrients, and also contain some bioactive
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compounds (Etemadi et al,, 2019). The fresh and dry seeds of the
faba bean are used for human consumption, and the dry seeds
and straw are also used in livestock feed (Karkanis et al., 2018).
Faba bean contributes to the sustainability of cropping systems
by fixing atmospheric nitrogen to improve soil fertility, which is
often incorporated into various multi-crop and intercropping
systems (Jensen et al., 2010; Li et al.,, 2017). China is a leading
faba bean producer with an average planting area of 1.1 million
ha and also is one of the largest consumers of faba bean (Ji et al.,
2022). In China, the faba bean is mainly grown in the southwest
region, Yangtze River basin, and northwest region (Li
et al., 2017).

The productivity and quality of faba beans are often
significantly reduced by biotic and abiotic stresses. Abiotic
factors include frost, heat, waterlogging, and soil salinity and
acidity, while biotic factors include diseases, insect pests, and
weeds (Stoddard et al., 2010; Maalouf et al., 2018). More than
100 diseases of faba bean have been documented in the world
(Yu, 1979; Kumari and Makkouk, 2007), and the number
continues to increase (Afshari and Hemmati, 2017; Al-
Shahwan et al., 2017; You et al,, 2021). Among the diseases of
faba bean, the root rot complex has been widely reported
worldwide (Sillero et al., 2010). Many fungal and oomycete
pathogens have been reported to cause root rot on faba beans,
and major pathogens include Aphanomyces euteiches, Fusarium
spp., Macrophomina phaseolina, Pythium spp., Rhizoctonia
solani (Kraft et al., 1988; Rubiales and Khazaei, 2022).

Thielaviopsis basicola is a cosmopolitan soilborne plant
pathogen that attacks more than 230 plant species and causes
the disease known as black root rot, and the number of new
hosts is increasing (Pereg, 2013; Nakane et al., 2019; Le et al,
2022; Rahnama et al., 2022). The disease is characterized by
black necrosis on various parts of the host roots, which leads to
stunting, reduced vigor, wilt, and yield loss (Noshad et al., 20065
Coumans et al., 2011). T. basicola has a complex taxonomic
history and has been assigned different species names. Recently,
Nel et al. (2018) performed a phylogenetic analysis using DNA
sequence data of six different gene regions and showed that the
isolates of T. basicola represent two distinct fungal species in the
newly described genus Berkeleyomyces, B. basicola and B.
rouxiae, which are morphologically indistinguishable but can
be distinguished by molecular characterization (Crous et al,
2021; Cavalcante et al., 2022).

Severe root rot on faba bean has occurred in faba bean
experimental fields for many years at the Linxia Institute of
Agricultural Sciences, Gansu Province, China (35.62 N 103.199
E), which caused stunting, yellowing, premature defoliation, and
plant death. However, the pathogens inciting root rot were
unclear. In June 2021, several faba bean roots with a symptom
of black necrotic lesions were collected from a faba bean field at
this Institute. We examined some diseased root epidermal
tissues under a microscope and found dark-colored and
muriform chlamydospores similar to those of T. basicola. The
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objective of the current study was to confirm the identity of the
pathogen causing black root rot on the faba bean using
morphological characterization, pathogenicity test, and
molecular phylogenetic analysis. In addition, we evaluated the
resistance of faba bean cultivars by artificial inoculation.

Materials and methods
Isolation of pathogen

In June 2021, soil samples were collected from three
experimental plots for faba bean breeding where severe root
rot had occurred, and this field has been used for faba bean
breeding for 3 years and in rotation with wheat. Three bulk soil
samples (2 kg of soil at 5-20 cm depth) were taken from the root
zone of plants with root rot. A greenhouse bioassay was used to
bait the root rot pathogens from soils. The faba bean cultivar
Qinghai 13 which was highly susceptible to root rot in the field
was selected for the bioassay. The soil samples were passed
through a 10-mesh sieve and filled into 500 mL paper cups with
holes at the bottom to about 3/4 of the cup height. For each soil
sample, three replicate cups were prepared. Each cup was sown
with 5 seeds and watered to saturation. The seeds were also sown
in rough vermiculite as controls. The planted cups were kept on
a rack in a glasshouse at 22-25°C with natural sunlight and
watered as needed. Four weeks after sowing, plants were
removed and roots were carefully washed free of soil.
Epidermal tissues of black necrotic roots were examined under
a microscope, and the diseased root tissues with chlamydospores
typical for T. basicola were used for pathogen isolation using
carrot discs (Nel et al., 2019). The diseased lateral roots were
excised into 0.5 cm segments and placed on fresh carrot discs in
Petri dishes with three layers of moistened filter paper, which
were sealed with parafilm and incubated at 25°C. After 7 days,
endoconidia were picked from diseased carrot discs with a sterile
scalpel for confirmation using a microscope and then diluted to
50 spores/ml in sterile water. Then, 100 pl spore suspension was
evenly spread on the 90 mm potato-dextrose agar (PDA;
AoBoXing, Biotech, Beijing, China) plates with 25 ug/ml
chloramphenicol. The plates were incubated at 25°C for two
days, and single colonies were individually transferred to the
new PDA plates. Pure single-spore isolates were stored at -80°C
on PDA for future use.

Morphological identification

Five representative isolates (LXBR1 to LXBR5) were selected
to determine their identity. The isolates were grown on PDA
plates to assess colony characteristics at 25°C. Seven days after
incubation, endoconidia, chlamydospores, and phialides were
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observed and measured under a microscope (Olympus CX 31).
Fifty arbitrarily selected structures were measured.

Pathogenicity and host range tests

The pathogenicity of five representative isolates was tested
on the faba bean cultivar Qinghai 13. The inoculum of each
isolate was prepared by placing several mycelial plugs (5 mm in
diameter) into 100 mL potato dextrose broth, which was
incubated for 4 days in an incubation shaker (100 rpm) at 25°
C in darkness. The endoconidia suspension was then filtered and
adjusted to a final concentration of 1.0 x 107 spores/mL to
inoculate faba bean seedlings.

Five seeds were planted in each paper cup (500 mL) filled
with fresh vermiculite. The planted cups were placed in the
greenhouse for 3 weeks at 22-25°C. The seedlings were uprooted
and the roots were washed thoroughly under running tap water,
then the roots were soaked in the conidia suspension for 10
minutes, and finally, the seedlings were transplanted into a new
cup. There were three replications per isolate, each replicate
consisted of three cups, each cup containing three plants,
arranged in a completely randomized design (CRD). Plants
soaked in sterile water served as the control. The inoculated
plants and controls were maintained in a greenhouse at 22-25°C
with natural sunlight. The symptoms were investigated 2 weeks
after inoculation. The chlamydospores were observed in
inoculated roots under the microscope. The pathogen was re-
isolated, and the morphology and molecular characteristics of
pathogens were identified. The test was repeated twice.

The crops in the host range test included ten legume and two
grass crops, namely common bean (Phaseolus vulgaris cvs. Biyun
6, Longyundou 29), pea (Pisum sativum cvs. Longwan7,
Zhongqin 1), chickpea (Cicer arietinum cvs. Xinying 1,
Xinying 2), cowpea (Vigna unguiculata cvs. Liaojiangl,
Guijiang 18-11), mung bean (Vigna radiata cvs. Elv 1, Zhenglv
8), adzuki bean (Vigna angularis; cvs. Jinxiaodou 5, Yuhong 2),
rice bean (Vigna umbellata cvs. Fandou 1, Hongfandou), lentil
(Lens culinaris cvs. Yingguozhonglv, Faguo), hyacinth bean
(Lablab purpureus; cvs. Jiaoda yanhong, Biandou 1), soybean
(Glycine max cvs. Williams, Zhonghuang13), wheat (Triticum
aestivum cvs. 197, 198), and maize (Zea mays cvs. Zhongdan
1168, Dongdan 6688). LXBR1 was used in this experiment, and
the inoculation procedure was the same as in the pathogenicity
test. The host range test was arranged in a randomized complete
block design (RCBD) with 3 replicate blocks and 3 plants were
inoculated in each replicate. The pathogenicity of the isolate was
evaluated by investigating the crop symptoms and
chlamydospore production on the roots 2 weeks post-
inoculation. Typical symptoms and chlamydospores were

«  »

observed in all three replicates, denoted by “+”, otherwise by

« »

. The test was performed twice.
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Molecular phylogenetic analyses

Genomic DNA from the five isolates was extracted from
mycelium using the Fungi Genomic DNA Extraction Kit
(Solarbio, Beijing, China) following the manufacturer’s
instructions. The partial sequence of the internal transcribed
spacers (ITS), the ribosomal large subunit (LSU), the
minichromosome maintenance complex component 7
(MCM?), and the 60S ribosomal protein RPL10 (60S) genes
were amplified with primer pairs ITS1/ITS4 (White et al., 1990),
LROR/LR5 (Vilgalys and Hester, 1990), MCM7-for/MCM?7-rev
de Beer et al,, 2014), and 60S-506F/60S-908R (Stielow et al.,
2015), respectively. PCR was performed in a final volume of 25
ul containing 9.5 pl water, 1 ul DNA template, 1 ul each primer,
and 12.5 pul GoTaq Master Mix PCR (Promega). The
amplification cycles were performed by initial denaturation at
94°C for 5 min, followed by 35 cycles of denaturation at 94°C for
30 s, annealing at 56°C (ITS), 53°C (LSU), 58°C (MCM?7) or 54°C
(60S) for 45 s and extension at 72°C for 2 min; and a final
extension at 72°C for 7 min. The amplified PCR products were
purified and sent to Sangon Biotech (Shanghai) Co., Ltd. for
sequencing, using the aforementioned primers.

The resulting sequences were blasted in the National Center
for Biotechnology Information (NCBI) Database (http://www.
ncbinlmnih.gov) after splicing. The sequences of B. rouxiae
strains and some related species (Nakane et al., 2019; Le et al,
2022) were obtained from the GenBank. The phylogenetic trees
for tandem sequences of ITS, LSU, MCM7, 60S and a
phylogenetic tree for MCM7 were constructed using the
Maximum likelihood method and the Tamura-Nei distance
model in MEGA 11 with 1000 bootstrap repeats (Kumar
et al., 2016).

Evaluation of faba bean cultivars
for resistance

Thirty-six faba bean cultivars were evaluated for resistance by
inoculating with isolate LXBR1. The inoculation procedure was the
same as for the pathogenicity test. The experiment was arranged in
a RCBD with three replicate blocks, one plastic tray was considered
as a block. and each cultivar was randomly assigned to a cup within
each plastic tray. The disease severity of each cultivar was
investigated 2 weeks after inoculation, and evaluated with a 0 to 5
scale using the criterion of Bodker et al. (1993) as follows: 0 = no
symptoms; 1 = 1-10% root or epicotyl area with disease symptoms;
2 =11-30%; 3 = 31-60%; 4 = 61-90%; and 5 = 91-100%. The disease
index (DI) was used to evaluate the resistance of each cultivar. DI
was calculated using the following formula: (DI) = (X (n x s)/(N x
5)) % 100, where s is the score of the disease severity, # is the number
of plants at that score, and N is the total number of plants tested.
The resistance was classified based on DI: highly resistant (HR, 0 <
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DI < 15), resistant (R, 15 < DI < 35), moderately resistant (MR, 35 <
DI < 55), susceptible (S, 55 < DI < 75), and highly susceptible (HS,
75 < DI).

The repeated trials were combined for analysis after
homogeneity test for variance, and blocks nested within trials
were considered as a random component in the mixed model.
Square root transformation was carried out for data normalization.
Data were used for analyzed using the General Linear Model
procedure in SPSS 22.0, Fisher’s least significant difference (LSD)
was used for the means comparison. The Anaylsis of Variance
(ANOVA) was used to determine any difference in resistance to B.
rouxiae between cultivars.

Result

Isolation and morphological
identification

Four weeks after faba bean seeds were sown in soil samples,
the faba bean seedlings were dwarfed compared to the controls,
and severe black necrosis occurred on the roots, while the

10.3389/fpls.2022.989517

controls remained healthy (Figure 1A). Abundant
chlamydospores typical of T. basicola were observed in the
epidermal tissues under the microscope (Figure 1B). Seven days
after inoculating disease root segments on the carrot discs, many
gray hyphae were growing on the discs (Figure 1C), and
abundant endoconidia were observed under the microscope
(Figure 1D). Single-spore isolates were obtained by the spore-
dilution technique. The colonies of isolates on PDA were initially
white, and later the center turned olive green to black following
the development of chlamydospores (Figure 2A). The average
growth rate of isolates on PDA at 25°C was 4 mm/day. Two types
of asexual spores, chlamydospores and endoconidia, were
produced by the isolates. The chlamydospores were produced
in chains containing 3-5 cells (Figures 2C, D), dark brown, and
5.6-10.2 pm x 8.6-12.9 um in size. The endoconidia were hyaline,
cylindrical in shape, and produced from phialides, which
measured 10.49-25.10 um x 4.41-6.10 um in size, and the
phialide were measured 5.8-8.2 um x 112.3-226.7 um in size
(Figures 2B, E). The colony characteristics, chlamydospores, and
endoconidia size of the isolates were similar to those of B. rouxiae
(Nakane et al., 2019; Le et al., 2022).

FIGURE 1

Bioassay of infected soils and isolation of pathogen causing black root on faba bean. (A) Seedlings of faba bean from control (left) and infected
soils (right). (B) Chlamydospores of Berkeleyomyces rouxiae produced in faba bean diseased root. (C) Carrot slice infected by Berkeleyomyces
rouxiae on faba bean diseased root. (D) Endoconidia of B rouxiae produced on carrot slice. (bar = 20pum).
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Pathogenicity and host range tests

Two weeks after inoculation, all five isolates were able to
cause stunting of “Qinghai 13” plants and reduced plant vigor,
and black necrosis was also observed on the stem base of some
plants. Typical black necrotic lesions on plant roots were
observed, and chlamydospores were also discovered on the
black necrotic lesions under a microscope, while there were
no symptoms on the control plants. The results indicated all
five isolates were pathogenic to faba bean. The five isolates
were also re-isolated from symptomatic lesions to confirm
Koch’s postulates. The results of the two experiments
were similar.

The results of the host range test revealed that isolate LXBR1
was able to infect all the ten tested legume crops, but was not
pathogenic on wheat and maize. Isolate LXBR1 had strong
pathogenicity on common bean, chickpea, cowpea, mung
bean, rice bean, lentil, and hyacinth bean, where it caused
typical black necrosis on roots and produced abundant
chlamydospores in the necrotic tissues. However, the isolate
did not cause symptoms in soybean, adzuki bean, and pea, and
only a few chlamydospores were produced on roots (Table 1).
The experiment was performed two times, and similar results
were obtained.

FIGURE 2

Frontiers in Plant Science

Morphological characteristics of Berkeleyomyces rouxiae. (A) Colony of B rouxiae isolates on PDA after 20 days at 25 °C. (B) Endoconidia of B
rouxiae produced on PDA. (C, D) Chlamydospores of B rouxiae produced on PDA. (E) Phialide of B rouxiae. (Bar = 10um).
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Sequence alignment and
phylogenetic analyses

Partial sequences of the ITS region, 60S, LSU, and MCM7
genes from the five isolates were sequenced and submitted to
NCBI to obtain GenBank accessions (ON679637- ON679641 for
ITS; ON679600- ON679604 for LSU; ON711031- ON711035 for
60S; ON711036-ON711040 for MCM?7). The BLASTn analysis
of these sequences showed that the five isolates had high
similarity (99 to 100%) with other B. rouxiae isolates including
the type isolate CMW?7625. The maximum likelihood (ML) trees
based on tandem sequences of ITS, LSU, MCM7 and 60S, and
MCM?7 of the five isolates from faba bean and related fungal
species were constructed respectively (Figures 3, 4), and the five
isolates were identified as B. rouxiae based on their
phylogenetic position.

Evaluation of faba bean cultivars
for resistance

Thirty-six cultivars were identified for resistance to root rot by
inoculating with LXBR1 at the seedling stage. Significant
differences in resistance were found among the cultivars
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https://doi.org/10.3389/fpls.2022.989517
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Long et al.

(P<0.01) (Table 2). Resistance levels in these cultivars showed a
very broad range of DI ranging from 33.3 to 88.9. Cultivar T18501
with a DI of 33.3 was classified as resistant, and five cultivars
T20604, T20605, Edou3203, Edoul103, and Jingdou701 were
moderately resistant reactions. The remaining cultivars were
susceptible or highly susceptible (Table 3).

Discussion

Recently, the taxonomic status of the fungus T. basicola was
revised based on molecular phylogenetic analysis, and the
isolates from different hosts were classified into two species
under a newly described genus Berkeleyomyces, namely B.
basicola and B. rouxiae (Nel et al, 2018). In this study, we
identified the agent causing black root rot of faba beans in
experimental field plots in Gansu Province, China. Combining
morphological, pathogenic, and molecular characteristics, the
faba bean isolates were identified as B. rouxiae (Nakane et al.,
2019; Le et al., 2022). Based on molecular phylogenetic analysis,
Nel et al. (2018) classified the pathogens causing black root rot

TABLE 1 Host range test of Berkeleyomyces rouxiae isolate from faba bean.

Crop Cultivar

Common bean Biyun 6
(Phaseolus vulgaris)
Longyundou 29 *
Pea Longwan 7
(Pisum sativum) i
Zhonggin 1
Chickpea Xinying 1
(Cicer arietinum) Xinying 2
Cowpea Liaojiangl

(Vignaun unguiculata) Guijiang 18-11

Mung bean Elv1
(Vigna radiata)

Zhenglv 8
Adzuki bean Jinxiaodou 5
(Vigna angularis) Yuhong 2
Rice bean Fandou 1
(Vigna umbellata) Hongfandou
Lentil Yingguozhonglv
(Lens culinaris) Faguo
Hyacinth bean Jiaodayanhong
(Lablab purpureus) Biandou 1
Soybean Williams
(Glycine max) Zhonghuang13
Wheat 197
(Triticum aestivum) 198

Maize
(Zea mays L.)

Zhongdan 1168
Dongdan 6688

10.3389/fpls.2022.989517

from Ipomoea batatas and P. sativum as B. rouxiae (Nel et al,
2018). Our results confirmed B. rouxiae as a pathogen causing
black root rot on the faba bean.

Black root rot caused by T. basicola has been reported on
more than 230 plant species (Pereg, 2013). Reclassification based
on molecular phylogenetic analysis has also classified T. basicola
(= Thielavia basicola, Trichocladium basicola) isolates from
Arachis hypogaea, Chamaecytisus cult. Aura, Cichorium
intybus, Citrus sp., Daucus carota, Euphorbia pulcherrima,
Eucalyptus regnans, E. globulus, E. globulus, E. nitens, Lathyrus
odoratus, Nicotiana tabacum, and Phaseolus vulgaris as B.
rouxiae (Nel et al., 2018). New hosts of B. rouxiae including
Cannabis sativa (Rahnama et al., 2022), Cucumis melo (Wang
et al,, 2019), Gossypium hirsutum (Le et al., 2022), and Lactuca
sativa (Nakane et al., 2019) were found or confirmed since 2018.
In this study, our results showed that B. rouxiae isolate LXBR1
from faba bean was pathogenic to chickpea, common bean,
cowpea, hyacinth bean, lentil, mung bean, and rice bean, and
infective to adzuki bean, pea, and soybean, whereas it could not
infect wheat and maize. Previous studies revealed infection of
chickpea, common bean, cowpea, faba bean, hyacinth bean,

Infectibility to B. rouxiae®

black necrosis on root Sporulationon root

+ +
+

- +
- +
+ +
+ +
+ +
+ +
+ +
+ +
- +
- +
+ +
+ +
+ +
+ +
+ +
+ +
- +
- +

a, “+”: positive results, “-”: negative results
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Chalaropsis ovoidea (CMW22733)

ot
(78] [
o =)

Thielaviopsis cerberus (CMW36668)
Thielaviopsis paradoxa (CMW36689)
Thielaviopsis radicicola (CMW1032)
Thielaviopsis musarum (CMW1546)

——— Ceratocystis pirilliformis (CMW6579)

Ceratocystis diversiconidia (CMW22445)

‘eratocystis platani (CMW14802)
66 — Ceratocystis fimbriata (CMW15049)

— Graphium pseudormiticum (CMW503)

—

0.02

FIGURE 3

100 Graphium laricis (CMWS5601)

Combined phylogenetic tree based on the ITS, LSU, 60S, and MCM7 sequences of the Berkeleyomyces rouxiae isolates by Maximum-Likelihood
method in the MEGAllwith bootstrap values estimated by 1000 replicates. Bootstrap support values are indicated in the nodes.

lentil, pea, soybean, and wheat with T. basicola (= Thielavia
basicola, Trichocladium basicola) (Johnson, 1916; Gayed 1972;
Bowden et al.,, 1985; Monfort et al., 2010; Pereg, 2011), while
maize was not infected by T. basicola (= Thielavia basicola) after
natural or artificial inoculations (Johnson, 1916; Gayed 1972).
Pereg (2011) found that T. basicola exhibits three modes of
interaction with plants: infects roots and causes the disease;
infects roots but does not cause disease; and does not infect
roots. Based on these three modes, plants could be divided into
susceptible hosts, non-susceptible hosts, and non-hosts of T.
basicola. Non-susceptible hosts are those in which
chlamydospores of T. basicola were detected on healthy-
looking roots of the plants. In this study, we found that
inoculated adzuki bean, pea, and soybean did not develop
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symptoms on the roots, but chlamydospores were present,
suggesting these crops are non-susceptible hosts of B. rouxiae
from faba bean. Our results confirmed that the 11 legume crops
tested were hosts of B. rouxiae, and the infection of adzuki bean,
mung bean, and rice bean by B. rouxiae was recorded for the
first time.

T. basicola from common bean (= Thielavia basicola) and
pea (= Trichocladium basicola) was renamed as B. rouxiae by
Nel et al. (2018), our results showed that the common bean
was a host of B. rouxiae, but pea was a non-susceptible host of
B. rouxiae. Previous studies had shown differences in the host
range of T. basicola isolates from different hosts, suggesting
that T. basicola may exhibit host specificity and preference for
different species (Pereg, 2011; Nel et al., 2018). For example,
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Berkekeyomyces rouxiae (CMW7625)
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Berkekeyomyces rouxiae (CMW7066)

100 Berkekeyomyces rouxiae (CMW14219)
Berkekeyomyces basicola (CMW25440)
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92
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90 1 Ceratocystis fimbriata (CMW15049)

[_— Endconidiophora douglasii (CMW26367)
100 Endconidiophora coerulescens (CMW26365)

——

Davidsoniella australis (CMW2333)
Davidsoniella eucalypti (CMW3254)

—: Thielaviopsis paradoxa (CMW36689)
9 Thielaviopsis musarum (CMW1546)
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—|: Huntiella oblonga (CMW23803)
99

Huntiella moniliformis (CMW10134)

100

—

Knoxdaviesia serotectus (CMW36767)
Gondwanamyces capensis (CMW997)
— Graphium pseudormiticum (CMW503)

FIGURE 4

00 L— Graphium laricis (CMWS5601)

Phylogenetic tree based on the MCM7 sequences of the Berkeleyomyces rouxiae isolates by Maximum-Likelihood method in the MEGA11 with
bootstrap values estimated by 1000 replicates. Bootstrap support values are indicated in the nodes.

O’Brien and Davis (1994) found that two T. basicola (=
Chalara elegans) isolates from lettuce were not pathogenic
to cotton. Recently T. basicola isolates from cotton and
lettuce had been re-identified as B. rouxiae (Nakane et al.,

2019; Le et al,, 2022). These results suggest that B. rouxiae
could have host specificity and preference, but this should be
confirmed by host range tests of B. rouxiae from different host
plants in the future.

TABLE 2 Anaylsis of Variance (ANOVA) used to evaluate the significance differences in 36 cultivars resistance to the Berkeleyomyces rouxiae.

Variance SS df

cultivars 20751.44 35

Blocks 187.14 2

Error 2949.51 70

Total 23888.09 107
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MS F P-value
592.72 13.59 0.0000
93.57 222 0.116
42.13
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TABLE 3 Resistance identification of thirty-six faba bean cultivars to Berkeleyomyces rouxiae.

Cultivar Source
TC3 Jiangsu
15-147 Jiangsu
Tonggingl Jiangsu
T20601 Jiangsu
T20602 Jiangsu
T20603 Jiangsu
T18501 Jiangsu
T20604 Jiangsu
T20606 Jiangsu
T20605 Jiangsu
T09-110-1 Jiangsu
T16028 Jiangsu
Sucan6 Jiangsu
Chenghu201010-1-1 Sichuan
Cehnghu25 Sichuan
Yucan3 Chongqing
Yucan4 Chongqing
Zhongcan202 Beijing
Zhongcan201 Beijing
Haiqingl Qinghai
Wancanl Anhui
1103 Hubei
TC15 Hubei
Edou3203 Hubei
Edoul103 Hubei
Yundoul299 Yunnan
Yundou2883 Yunnan
Yundoul47 Yunnan
Fengdou35 Yunnan
Fengdou36 Yunnan
Jingdou622 Yunnan
Jingdou651 Yunnan
Jingdou650 Yunnan
Jingdou701 Yunnan
Jingdou614 Yunnan
Jingdou215 Yunnan

Disease Index Resistance
82.2 HS
68.9 S
80.0 HS
73.3 S
77.8 HS
66.7 S
333 R
51.1 MR
62.2 S
422 MR
75.6 HS
73.3 S
73.3 S
88.9 HS
88.9 HS
84.4 HS
84.4 HS
73.3 S
80.0 HS
822 HS
66.7 S
73.3 S
64.4 S
37.8 MR
46.7 MR
80.0 HS
86.7 HS
73.3 S
57.8 S
73.3 S
57.8 S
71.1 S
71.1 S
53.3 MR
66.7 S
68.9 S

Previous studies revealed that resistance levels to T.
basicola were different in several crops such as chickpea
(Bhatti and Kraft, 1992), cotton (Wheeler et al., 2000),
soybean (Maduewesi and Lockwood, 1976), and tobacco
(Miki and Katsuya, 1998). In this study, we evaluated the
resistance of 36 faba bean cultivars to B. rouxiae by artificial
inoculation at the seedling stage. Although none were
completely resistant to B. rouxiae, one cultivar showed
resistance and five were moderately resistant. The cultivation
of these resistant cultivars could be an effective means to
manage the black root rot of faba bean by contributing to a

Frontiers in Plant Science

decrease in disease severity. To our knowledge, this is the first
report of B. rouxiae causing root rot on faba beans in China
and this disease should be paid sufficient attention to due to the
serious risk of B. rouxiae in faba beans.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found in the article.

frontiersin.org


https://doi.org/10.3389/fpls.2022.989517
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Long et al.

Author contributions

ZZ planned and designed the experiments. JL and WW
performed the experiments and wrote the manuscript. YS and
YG provided the diseased soil samples for this study. SS, WW,
and CD revised the manuscript. All authors contributed to the
article and approved the submitted version.

Funding

This study was supported by the China Agriculture
Research System of MOF and MARA (CARS-08), and the
Scientific Innovation Program of the Chinese Academy of
Agricultural Sciences.

References

Afshari, N., and Hemmati, R. (2017). First report of the occurrence and
pathogenicity of Clonostachys rosea on faba bean. Australas. Plant Path. 46, 231-
234. doi: 10.1007/s13313-017-0482-3

Al-Shahwan, I. M., Abdalla, O. A., Al-Saleh, M. A., and Amer, M. A. (2017).
Detection of new viruses in alfalfa, weeds and cultivated plants growing adjacent to
alfalfa fields in Saudi Arabia. Saudi J. Biol. Sci. 24, 1336-1343. doi: 10.1016/
j-sjbs.2016.02.022

Bhatti, M. A., and Kraft, J. M. (1992). Reaction of selected chickpea lines to
Fusarium Thielaviopsis root rots. Plant disease 76 (1), 54-56. doi: 10.1094/PD-76-
0054.

Bodker, L., Leroul, N., and Smedegaard- Petersen, V. (1993). The occurrence in
Denmark of black root rot of pea caused by Thielaviopsis basicola. Plant Pathol. 42,
820-823. doi: 10.1111/j.1365-3059.1993.tb01572.x

Bowden, R. L., Wiese, M.V., Crock, J. E., and Auld, D.L (1985). Root rot of
chickpeas lentils caused by Thielaviopsis basicola. Plant Dis. 69 (12), 1089-1091.

Cavalcante, S. V., Josiene, M., Alexandre Marcos, C., and Marcos, C. G. (2022).
Prevalence of Berkeleyomyces basicola infections in black rot affected carrot
determined using the MCM?7 gene region. Plant Pathol. 71, 1185-1194.
doi: 71.10.1111/ppa.13552

Coumans, J. V. F.,, Harvey, J., Backhouse, D., Poljak, A., Raftery, M. J., Nehl, D.,
etal. (2011). Proteomic assessment of host-associated microevolution in the fungus
Thielaviopsis basicola. Environ. Microbiol. 13, 576-588. doi: 10.1111/j.1462-
2920.2010.02358.x

Crous, P. W., Rossman, A. Y., Aime, M. C., Allen, W. C., Burgess, T.,
Groenewald, J. Z., et al. (2021). Names of phytopathogenic fungi: a practical
guide. Phytopathology 111(9), 1500-1508. doi: 10.1094/PHYTO-11-20-0512-
PER

de Beer, Z. W., Duong, T. A., Barnes, 1., Wingfield, B. D., and Wingfield, M. J.
(2014). Redefning Ceratocystis and allied genera. Stud. Mycol. 79, 187-219.
doi: 10.1016/j.simyc0.2014.10.001

Etemadi, F., Hashemi, M., Barker, A. V., Zandvakili, O. R., and Liu, X. (2019).
Agronomy, nutritional value, and medicinal application of faba bean (Vicia faba 1.).
Can ] Plant Sci 52 (6), 869-873. doi: 10.1016/j.hp;j.2019.04.004

Gayed, S. K. (1972). Host range persistence of Thielaviopsis basicola in tobacco
soil. Can J Plant Sci 52 (6), 869-73. doi: 10.4141/cjps72-150

Jensen, E. S., Peoples, M. B., and Hauggaard-Nielsen, H. (2010). Faba bean in
cropping systems. Field. Crops Res. 115, 203-216. doi: 10.1016/j.fcr.2009.10.008

Ji, Y., Chen, Z,, Cheng, Q., Liu, R,, Li, M., Yan, X, et al. (2022). Estimation of
plant height and yield based on UAV imagery in faba bean (Vicia faba 1.). Plant
Methods 18, 26. doi: 10.1186/s13007-022-00861-7

Johnson, J. (1916). Host plants of Thielavia basicola. ]. Agric. Sci. 7, 289-300.
Available at: https://naldc.nal.usda.gov/download/IND43965746/PDF.

Karkanis, A., Ntatsi, G., Lepse, L., Fernandez, J. A., Vagen, I. M., Rewald, B., et al.
(2018). Faba bean cultivation-revealing novel managing practices for more

Frontiers in Plant Science

10

10.3389/fpls.2022.989517

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

sustainable and competitive European cropping systems. Front. Plant Sci. 9.
doi: 10.3389/fpls.2018.01115

Kaur, S., Kimber, R. B,, Cogan, N. O., Mateme, M., Foster, J. W., and Paull, J. G.
(2014). SNP discovery and high-density genetic mapping in faba bean (Vicia faba
1.) permits identification of QTLs for ascochyta blight resistance. Plant Sci. 217-218,
47-55. doi: 10.1016/j.plantsci.2013.11.014

Kraft, J. M., Haware, M. P., and Hussein, M. M. (1988). Root rot and wilt diseases
of food legumes. world crops: Cool season food legumes (Dordrecht: Springer), 565—
575. doi: 10.1007/978-94-009-2764-3_47

Kumari, S. G., and Makkouk, K. M. (2007). Virus diseases of faba bean (Vicia
faba l.) in Asia and Africa. Plant Viruses 1 (1), 93-105. Available at : https://www.
researchgate.net/profile/Safaa-Kumari/publication/298158358_Virus_Diseases_
of _Faba_Bean_Vicia_faba_L_in_Asia_and_Africa/links/
56e6797b08ae68afal137fb3/Virus-Diseases-of-Faba-Bean-Vicia-faba-L-in-Asia-
and-Africa.pdf.

Kumar, S., Stecher, G., and Tamura, K. (2016). MEGA7: molecular evolutionary
genetics analysis version 7.0 for bigger datasets. Mol. Biol. Evol. 33, 1870-1874.
doi: 10.1093/molbev/msw054

Le, D. P., Gregson, A., and Jackson, R. (2022). Identification of Berkeleyomyces
rouxiae causing black root rot disease on cotton seedlings in new south Wales,
Australia. J. Gen. Plant Pathol. 88, 155-159. doi: 10.1007/s10327-021-01047-0

Li, L, Yang, T., Liu, R,, Redden, B., Maalouf, F., and Zong, X. (2017). Food
legume production in China. Crop J. 5, 115-126. doi: 10.1016/j.¢j.2016.06.001

Maalouf, F., Hu, J., O'Sullivan, D. M., Zong, X., Hamwieh, A., Kumar, S,, et al.
(2018). Breeding and genomics status in faba bean (Vicia faba). Plant Breed 138,
465-473. doi: 10.1111/pbr.12644

Maduewesi, J. N. C., and Lockwood, J. L. (1976). Test tube method of bioassay
for Thielaviopsis basicola root rot of soybean. Phytopathology 66 (6), 81.

Miki, J. I, and Katsuya, S. (1998). Virulence of Thielaviopsis basicola isolated
from tobacco fields in Japan. J Phytopathol 64 (5), 471-473. doi: 10.3186/
jjphytopath.64.471

Monfort, W. S., Carroll, A. G., Emerson, M. |, Fortner, J., and Rothrock, C. S.
(2010). First report of black root rot caused by Thielaviopsis basicola on soybean
(Glycine max) in Arkansas. Plant Dis. 94 (9), 1168. doi: 10.1094/PDIS-94-9-
1168A

Nakane, R, Miki, S., Ikeda, K., Sakai, H., Hayashi, K., and Usami, T. (2019). First
report of black root rot of lettuce in Japan caused by Berkeleyomyces rouxiae. J. Gen.
Plant Pathol. 85, 436-439. doi: 10.1007/s10327-019-00860-y

Nel, W. J,, Duong, T. A, Beer, Z. W., and Wingfield, M. J. (2019). Black root rot: a
long known but little understood disease. Plant Pathol. 68, 834-842. doi: 10.1111/
ppa.13011

Nel, W. ], Duong, T. A., Wingfield, B. D., Wingfield, M. J., and de Beer, Z. W.
(2018). A new genus and species for the globally important, multihost root
pathogen Thielaviopsis basicola. Plant Pathol. 67, 871-882. doi: 10.1111/ppa.12803

frontiersin.org


https://doi.org/10.1007/s13313-017-0482-3
https://doi.org/10.1016/j.sjbs.2016.02.022
https://doi.org/10.1016/j.sjbs.2016.02.022
https://doi.org/10.1094/PD-76-0054.
https://doi.org/10.1094/PD-76-0054.
https://doi.org/10.1111/j.1365-3059.1993.tb01572.x
https://doi.org/71.10.1111/ppa.13552
https://doi.org/10.1111/j.1462-2920.2010.02358.x
https://doi.org/10.1111/j.1462-2920.2010.02358.x
https://doi.org/10.1094/PHYTO-11-20-0512-PER
https://doi.org/10.1094/PHYTO-11-20-0512-PER
https://doi.org/10.1016/j.simyco.2014.10.001
https://doi.org/10.1016/j.hpj.2019.04.004
https://doi.org/10.4141/cjps72-150
https://doi.org/10.1016/j.fcr.2009.10.008
https://doi.org/10.1186/s13007-022-00861-7
https://naldc.nal.usda.gov/download/IND43965746/PDF
https://doi.org/10.3389/fpls.2018.01115
https://doi.org/10.1016/j.plantsci.2013.11.014
https://doi.org/10.1007/978-94-009-2764-3_47
https://www.researchgate.net/profile/Safaa-Kumari/publication/298158358_Virus_Diseases_of_Faba_Bean_Vicia_faba_L_in_Asia_and_Africa/links/56e6797b08ae68afa1137fb3/Virus-Diseases-of-Faba-Bean-Vicia-faba-L-in-Asia-and-Africa.pdf
https://www.researchgate.net/profile/Safaa-Kumari/publication/298158358_Virus_Diseases_of_Faba_Bean_Vicia_faba_L_in_Asia_and_Africa/links/56e6797b08ae68afa1137fb3/Virus-Diseases-of-Faba-Bean-Vicia-faba-L-in-Asia-and-Africa.pdf
https://www.researchgate.net/profile/Safaa-Kumari/publication/298158358_Virus_Diseases_of_Faba_Bean_Vicia_faba_L_in_Asia_and_Africa/links/56e6797b08ae68afa1137fb3/Virus-Diseases-of-Faba-Bean-Vicia-faba-L-in-Asia-and-Africa.pdf
https://www.researchgate.net/profile/Safaa-Kumari/publication/298158358_Virus_Diseases_of_Faba_Bean_Vicia_faba_L_in_Asia_and_Africa/links/56e6797b08ae68afa1137fb3/Virus-Diseases-of-Faba-Bean-Vicia-faba-L-in-Asia-and-Africa.pdf
https://www.researchgate.net/profile/Safaa-Kumari/publication/298158358_Virus_Diseases_of_Faba_Bean_Vicia_faba_L_in_Asia_and_Africa/links/56e6797b08ae68afa1137fb3/Virus-Diseases-of-Faba-Bean-Vicia-faba-L-in-Asia-and-Africa.pdf
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1007/s10327-021-01047-0
https://doi.org/10.1016/j.cj.2016.06.001
https://doi.org/10.1111/pbr.12644
https://doi.org/10.3186/jjphytopath.64.471
https://doi.org/10.3186/jjphytopath.64.471
https://doi.org/10.1094/PDIS-94-9-1168A
https://doi.org/10.1094/PDIS-94-9-1168A
https://doi.org/10.1007/s10327-019-00860-y
https://doi.org/10.1111/ppa.13011
https://doi.org/10.1111/ppa.13011
https://doi.org/10.1111/ppa.12803
https://doi.org/10.3389/fpls.2022.989517
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Long et al.

Noshad, D., Riseman, A., and Punja, Z. K. (2006). First report of Thielaviopsis
basicola on Daphne cneorum. Canadian Journal of Plant Pathology 28 (2), 310-
312. doi: 10.1080/07060660609507300

O’Brien, R. G., and Davis, R. D. (1994). Lettuce black root rot-a disease caused by
Chalara elegans. Australas. Plant Pathol. 23, 106-111. doi: 10.1071/APP9940106

Pereg, L. L. (2013). Black root rot of cotton in Australia: The host, the pathogen
and disease management. Crop Pasture Sci. 64, 1112-1126. doi: 10.1071/CP13231

Pereg, L. L. (2011). Molecular factors determining Thielaviopsis basicola-cotton
interactions leading to black root rot disease. Full Final Report to the Cotton
Catchment Communities CRC, Narrabri, NSW. Available at: www.cottoncrc.org.
au/general/Research/Projects/1_01_21.

Rahnama, M., Szarka, D., Boyadjieva, L., and Ward Gauthier, N. A. (2022). First
report of black root rot (Berkeleyomyces rouxiae) on greenhouse hemp (Cannabis
sativa) in Kentucky. Plant Dis. 106 (9), 2534. doi: 10.1094/PDIS-10-21-2146-PDN

Rubiales, D., and Khazaei, H. (2022). Advances in disease and pest resistance in
faba bean. Theor. Appl. Genet. 19, 1-22. doi: 10.1007/s00122-021-04022-7

Sillero, J. C., Villegas-Fernandez, A. M., Thomas, J., Rojas-Molina, M. M.,
Emerand, M. M., Fernandez-Apariciob, M., et al (2010). Faba bean breeding for
disease resistance. Field Crops Res. 115 (3), 297-307. doi: 10.1016/J.FCR.2009.09.012

Stoddard, F. L., Nicholas, A. H., Rubiales, D., Thomas, J., and Villegas-
Fernandez, A. M. (2010). Integrated pest management in faba bean. Field Crops
Res. 115, 308-318. doi: 10.1016/j.fcr.2009.07.002

Frontiers in Plant Science

11

10.3389/fpls.2022.989517

Stielow, ].B., Lévesque, C.A., Seifert, K.A., Meyer, W., Irinyi, L., Smits, D., et al
(2015). One fungus, which genes Development and assessment of universal primers
for potential secondary fungal DNA barcodes. Persoonia 35, 242. doi: 10.3767/
003158515x689135

Vilgalys, R., and Hester, M. (1990). One fungus, which genes Development
assessment of universal primers for potential secondary fungal DNA barcodes.
Persoonia 35, 242. doi: 10.3767/003158515x689135

Wang, F., Zhang, W., Yuan, X., and Liu, D. W. (2019). First report of black
root rot on Cucumis melo caused by Berkeleyomyces rouxiae in heilongjiang
province of China. Plant Dis. 103, 2675. doi: 10.1094/PDIS-11-18-2007-
PDN

Wheeler, T. A., Hake, K. D., and Dever, J. K. (2000). Survey of Meloidogyne
incognita Thielaviopsis basicola: their impact on cotton fruiting producers'
management choices in infested fields. ] Nematol 32 (4S), 576.

White, T. J., Bruns, T., Lee, S., and Taylor, J. (1990). Amplification and
direct sequencing of fungal ribosomal RNA genes for phylogenetics. Pcr
Protocols: guide to Methods Appl. 38, 315-322. doi: 10.1016/B978-0-12-
372180-8.50042-1

You, M. P., Eshete, B. B., Kemal, S. A., Leur, J., and Barbetti, M. J. (2021).
Physoderma, not Olpidium, is the true cause of faba bean gall disease of
Vicia faba in Ethiopia. Plant Pathol. 70, 1180-1194. doi: 10.1111/ppa.
13359

Yu, T. F. (1979). Faba bean diseases (Beijing, China: Science Press).

frontiersin.org


https://doi.org/10.1080/07060660609507300
https://doi.org/10.1071/APP9940106
https://doi.org/10.1071/CP13231
www.cottoncrc.org.au/general/Research/Projects/1_01_21
www.cottoncrc.org.au/general/Research/Projects/1_01_21
https://doi.org/10.1094/PDIS-10-21-2146-PDN
https://doi.org/10.1007/s00122-021-04022-7
https://doi.org/10.1016/J.FCR.2009.09.012
https://doi.org/10.1016/j.fcr.2009.07.002
https://doi.org/10.3767/003158515x689135
https://doi.org/10.3767/003158515x689135
https://doi.org/10.3767/003158515x689135
https://doi.org/10.1094/PDIS-11-18-2007-PDN
https://doi.org/10.1094/PDIS-11-18-2007-PDN
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1111/ppa.13359
https://doi.org/10.1111/ppa.13359
https://doi.org/10.3389/fpls.2022.989517
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Berkeleyomyces rouxiae is a causal agent of root rot complex on faba bean (Vicia faba L.)
	Introduction
	Materials and methods
	Isolation of pathogen
	Morphological identification
	Pathogenicity and host range tests
	Molecular phylogenetic analyses
	Evaluation of faba bean cultivars for resistance

	Result
	Isolation and morphological identification
	Pathogenicity and host range tests
	Sequence alignment and phylogenetic analyses
	Evaluation of faba bean cultivars for resistance

	Discussion
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


