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Clonostachys rosea, a pathogen of root rot in naked barley
(Hordeum vulgare L. var. nudum Hook. {.) on the
Qinghai-Tibet Plateau, China
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Abstract: [Background] The increasingly serious root rot has posed a threat to the production of naked
barley (Hordeum vulgare L. var. nudum Hook. f.) and hampered the prevention and control of the
disease and the development of the naked barley industry in Qinghai province. However, the root rot of
naked barley has been rarely studied and the pathogens are unclear. [Objective] This paper aims to
clarify incidence and pathogens of the root rot in naked barley and the pathogencity of the pathogens,
which is expected to lay a theoretical basis for the prevention and control of the disease. [Methods] The
conventional method of tissue isolation was adopted to isolate pathogens of root rot in naked barley. The
pathogens were detected by both morphological identification and molecular identification, and their
pathogenicity was determined with a beaker of water-agar. [Results] A total of 4 stains with strong and
significantly different pathogenicity were isolated, which were identified as Clonostachys rosea. As
verified by Koch’s postulates, they were new pathogens of root rot of naked barley, and the induced root
rot was found for the first time at home and abroad. [Conclusion] C. rosea can cause root rot in naked

barley with strong pathogenicity.

Keywords: naked barley; Clonostachys rosea; root rot; pathogenicity

Naked barley (Hordeum vulgare L. var.
nudum Hook. f.), a barley variant, is cultivated
worldwide from Macedonia to Australia, Western
Canada, and the Great Plains of the United States
of America (USA). In China, naked barley is
mainly distributed in the high-altitude areas of
Tibet, Gansu, Qinghai, Yunnan, and Sichuan,
where it is used both for grain and forage
production'!. Naked barley is rich in various
amino acids, dietary fibers, vitamins, f-glucan and
minerals, such as calcium, magnesium, phosphorus,
zinc, manganese, and selenium. In addition, naked
barley has unique effects on health, such as the
reduction of blood lipids, enhancement of gastric
motility, and prevention of altitude sickness and
diabetes!?’.

Root rot has a major impact on barley

production, and it has been shown to reduce crop
yield by as much as 10% in Canada and North
Dakota, USAP!. Compared to healthy barley,
root-rotted barley exhibits severely reduced root
and shoot fresh and dry weights as well as reduced
grain number per plant and, ultimately, reduced
yield*. Since the isolation of the pathogen
Fusarium culmorum from the rhizome internodes
of Albertan root-rotted barley, first by Mills”! in
1972 and then by others!®®, other causal pathogens
of barley root rot have been identified, including
Bipolaris sorokiniana™®*"), Fusarium
avenaceum[é’m'ls], Fusarium graminearum[6’16],
Fusarium poae[”], Fusarium sporotrichioides[lg],
and Rhizoctonia spp.*").

We recently conducted a general survey to
clarify the incidence and etiology of naked barley
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root rot in Northwestern China. During our
investigation in Qinghai, in 2016, we found
root-rotted naked barley plants. These plants were
collected and transported to the laboratory for the
isolation and identification of the pathogen causing
such symptoms. Following the morphological and
molecular identification of the fungus, its
pathogenicity was confirmed based on Koch’s
postulates. The results of the present study provide
a reliable basis for research concerning the
pathogenesis and control of naked barley root rot.

1 Materials and Methods

1.1 Disease survey and sampling

From June to August 2016, root rot of naked
barley seedlings and adult plants was surveyed in
Haiyan and Gangcha counties of Haibei prefecture,
and Haidong city, Qinghai province, China.
1.2 Pathogen isolation and purification

Diseased roots were surface sterilized with
0.1% mercury bichloride solution for 10 s after
washing with 70% ethanol for 2 to 3 s, and then
rinsed four times with sterile water to remove
chemical residues. The roots were then dried with
sterile filter paper. The middle part of each root
was sliced with a sterile scalpel, inoculated on
potato dextrose agar (PDA), and incubated for 72
to 96 h at 25 °C. The two ends of growing hyphae
observed in each root section after the incubation
period were transferred to fresh PDA plates. The
single spore separation method was used to purify
the fungus, which was sub-cultured on potato
sucrose agar (PSA) plates.
1.3 Morphological identification

The morphological characteristics of pure
strains cultured on PSA medium were observed
under a 40x optical microscope. The genus and
species (if possible) were identified for each strain
based on growth rate, spore morphology, and other
microscopic characteristics as per identification
keys?.
1.4 Molecular identification

The fungal strains were inoculated onto PDA
medium, cultured at 25 °C for 5 days, and then

transferred onto potato dextrose broth and
incubated in a shaker at 120 r/min and 25 °C for
another 5 days. After this period, genomic DNAs
were extracted from the mycelia using the Fungal
DNA Kit (Omega Bio-Tek, USA) and used as
templates for PCR amplification of the internal
transcribed spacer region of ribosomal DNA
(rDNA ITS region). The reaction system contained:
1.0 pL of template DNA, 2.5 pL of 10xbuffer
(containing 2.5 mmol/L Mg®"), 0.5 uL of Tag
polymerase (5 U/uL), 1.0 uL of dNTPs (10 mmol/L),
and 1 pL of each primer (£10 pmol/L), namely
ITS1 (5-TCCGTAGGTGAACCTGCGG-3") and
ITS4 (5"-TCCTCCGCTTATTGATATGC-3"). This
mixture was then diluted with double distilled
water to 25 pL (total reaction volume) and mixed
thoroughly within a 0.2 mL centrifuge tube. Any
droplets on the tube wall were forced down to the
tube bottom by centrifugation. PCRs were
conducted using a thermal cycler under the
following conditions: initial denaturation at 94 °C
for 5 min; 35 cycles of denaturation at 94 °C for
30 s, annealing at 45 °C for 45 s, extension at
72 °C for 80 s; and final extension at 72 °C for
7 min. After PCR, 2 pL of each amplicon was
electrophoresed on a 1% agarose gel to verify the
amplified fragments, and those of correct size were
sent to Tianyi Huiyuan Biotechnology Co., Ltd.
Beijing (China), for sequencing on an
ABI3730-XL  sequencer (Applied Biosystems,
USA). The sequences obtained were blasted to the
national center for biotechnology information
(NCBI) database and those corresponding to
fungal strains were later submitted to the GenBank
(NCBI) database. We constructed a phylogenetic
tree using the neighbor-joining method in MEGA
7.0 to determine the taxonomic status of each
identified strain.
1.5 Pathogenicity determination and strain
re-isolation

‘Zangqing 2000’ was used as the test cultivar.
After naked barely seeds were sprouted, uniform
seeds were picked and placed in pots filled with
irradiated flower soil and vermiculite (3:1). A
2.5 mm diameter piece of each fungal strain was

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RIS b OB 2R 7 5 RS ) BRAR I (9 30)

601

placed in 150 mL sterilized potato glucose liquid,
cultivated 5 days at 25 °C, then poured into each
pot (100 mL/pot) containing barley seedlings
grown for 10 days. Uninoculated potato glucose
liquid and sterile water were used as controls.
Ten naked-barley plants were placed in each pot
together with five replicates of each fungal strain.
They were all cultivated at room temperature
under natural light for 8 days, disease incidence
was observed and graded as follows: Grade O:
Healthy and disease free, with green leaves and
white roots and rhizomes; Grade 1: Black spots not
exceeding 30% of the root area; Grade 2: Roots
less than 50% blackened; Grade 3: Black spots
exceeding 50% of the root area, stem base with
yellow-brown patches, and stunted seedlings;
Grade 4: Roots brittle and black spots exceeding
70% of the root area; stem base with yellow-brown
patches, and seedlings dead or nearly dead.
Disease incidence (%)=Number of diseased
seedlings/total number of seedlingsx100
Disease index (DI) (%)= Number of diseased
plants in various gradesxdisease grading
representative value)/(highest disease gradextotal
number of seeds)x100.

Duncan’s new multiple range test was used to
analyze significant differences.

In accordance with Koch’s postulates, we

& ‘

1 TR B RARE A ER
Figure 1

randomly selected three diseased plants from each
disease grade. The roots were gently cut,
inoculated onto PDA medium, and then cultured at
25 °C for 7 days, followed by microscopic
observation of spore morphology. During this
process, colony morphology was observed
continuously to confirm whether the strains were
the same as those at the time of inoculation. The
morphology were
identified as the root rot pathogens in naked barley.

strains with a consistent

2 Results and Analysis

2.1 Disease symptoms

Diseased plants were short and stunted, with
yellow-brown patches at the stem base. The roots
either had black spots or had become blackened
and showed rotting; in severe cases, plants died
(Figure 1).
2.2 Morphological identification

Four strains of pathogenic fungi were isolated
and purified. In the early stages of growth, the
colonies appeared white and soft; however, after
7 days of incubation, yellow pigments appeared
on the surface of the colonies. Eventually, the
color of the entire colonies changed to bright
yellow and hyphae became thinner. The generator
cells were monophialidic, transparent, and showed

A ZEIETA BB R BE(RT K ITER); B MRS SRR (5 K PR 5

Root rot symptoms of naturally-infected naked barley. A: Yellow-brown patches at the stem base

(where the arrow points); B: Blackened and rotten root showing black spots (where the arrow points); C:

Healthy root.
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verticillium-type branches. Numerous colorless 2.3 Molecular identification

microspores were produced. These microspores were These sequences of the IDNA ITS region of the
oval, transparent, slightly bent, and (5.5-9.8) umx four isolated strains, i.e., NQ5-3, Q4-13, NQ4-5, and
(1.8-3.5) um in size (Figure 2), similar to those Q4-14 were submitted to GenBank under accession
described by Ivabovo et al®”. These strains were numbers KY365581, KY365587, KY365580, and
identified as Clonostachys rosea (Link) Schroers, KY365588, respectively. These sequences were
based on their morphological characteristics. 100% similar to Clonostachys rosea (Figure 3).

O &

& 2 Clonostachys rosea BITZSHFIE A: WYETTIH; B: WKIEHE; C: M FH@ELIHE); D:
AT

Figure 2 Morphological characteristics of Clonostachys rosea. A: Colony reverse; B: Colony obverse; C:
Conidiophore (where the arrow points); D: Conidia.

Clonostachys rosea (MF281314.2)
NQ5-3 (KY365581)
Clonostachys rosea (MH259860.1)
Clonostachys rosea (KY703872.1)
81| Clonostachys rosea (KX058045.1)
Clonostachys rosea (KT215192.1)
NQ4-5 (KY365580)
80] Q4-14 (K'Y365588)
Q4-13 (KY365587)
100 Clonostachys rosea (KP269006.1)
Clonostachys rosea (KY810798.1)
\-{ Clonostachys rosea (MH046832.1)

99

Clonostachys intermed (MH168099.1)

99! Clonostachys intermed (AF210682.1)
| Clonostachys rogerson (KX185048.1)
100/ Clonostachys rogerson (KX185051.1)
Clonostachys candelab (KX184898.1)

= T I T T 1
0.250 0.200 0.150 0.100 0.050 0.000

3 FHEFEHEEEZET rDNA ITS FHHERT Clonostachys rosea MAZABR K LIKREFHE
JF K BIFP3 5 X EIRAE GenBank FHE K55 &0 LAY O 1 000 IREL A A R SCFeR,
FIRE SCRPR I RTAF T 805 AR RZEE g 45 TR bR A it A4 BE B

Figure 3 Phylogenetic tree inferred from the dataset based on the rDNA ITS sequences of Clonostachys rosea
using the UPGAM method. The serial number starting with capital letters in the figure are the entry number of
the strain in GenBank. The number for each branch were calculated from 1 000 replications of the bootstrap
values. RaxML bootstrap support values >80 are shown. The scale is the genetic distance of each strain.
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2.4 Pathogenicity and re-isolation

Clonostachys rosea strains were significantly
pathogenic (Table 1), and the symptoms exhibited
by diseased plants were those evidenced in
Figure 1. Control plants showed no signs of
disease. The morphologies of the fungal strains
were consistent with those of the strains re-isolated
from all plants showing disease signs. These four
strains were, therefore, confirmed to be the causal
pathogens of naked barley root rot.

3 Discussion and Conclusion

Clonostachys rosea has been shown to be a
typical biocontrol fungus with a widespread
distribution that mainly inhibits pathogenic fungi,
such as Sclerotinia, Botrytis, Rhizoctonia, and
Fusarium species, among others®'’; it can control
grey mold of fruits and vegetables’”, barley

24 corn stalk rot®*, and

mottle®), wheat scab
potato black scurf*®! as well as nematodes*”'and
insects™®). In the present study, all four isolated C.
rosea strains were pathogenic and three of them
were highly pathogenic with disease indexes>90.
To our knowledge, this is the first report of this
fungus as the cause of naked barley root rot. And
other studies reported that C. rosea is the causal
agent of broad bean crown rot and blight®™. In

addition, C. rosea is evidently pathogenic to tall

% 1 Clonostachys rosea 31 5 i B BUR 1%
Table 1  Pathogenicity of Clonostachys rosea
strains on naked barley

Strain Root rot incidence (%) Root rot index
Control 0 0

Q4-13 100+0a 95.83+2.89b
Q4-14 100+0a 92.50+2.50¢
NQ4-5 100+0a 99.17+1.44a
NQ5-3 85+5b 21.67+2.89d

e RPEUR ST ERE2E . BURE N/NE RN
TE P<0.05 /K F R B, AR RN R R 2ZR B E
Note: Data are means + standard deviation. Means within

columns followed by different lowercase letters are
significantly different at P<0.05.

(301, iS a common

fescue However, C. rosea
endophytic fungus®'.. As a pathogen, whether the
endophytic fungus show pathogenicity under the
stress of environmental factors, namely whether
C. rosea is an opportunistic pathogen remains to
be further studied. In conclusion, the C. rosea
species contains both pathogenic and beneficial
strains, whose specific role may be related to the
geographical location, environmental conditions,
soil type and condition, crop species, and other
factors. Therefore, further research is needed to
verify whether the four C. rosea strains isolated
here have biocontrol properties, and whether they
are the cause or a precondition of disease in other

Crops.
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