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Avocado Branch Canker Disease Caused by
Lasiodiplodia theobromae and Lasiodiplodia
pseudotheobromae in Taiwan

Yu-Ping Liang', Chao-Jung Wu', Hui-Wen Tsai’, and Hui-Fang Ni*”"

Abstract

Liang, Y. P., C. J. Wu, H. W. Tsai, and H. F. Ni. 2021. Avocado branch canker disease
caused by Lasiodiplodia theobromae and Lasiodiplodia pseudotheobromae in Taiwan. J.
Taiwan Agric. Res. 70(2):81-97.

Avocado branch canker disease has been reported in many avocado-growing countries, and
is associated with several species in the Botryosphaeriaceae family. In Taiwan, the disease is widely
distributed in the main avocado-producing regions, but the pathogens were still unidentified. Thirteen
fungal isolates were obtained from necrotic avocado woody tissues from seven orchards located in
different regions of Taiwan. Based on morphology and phylogenetic analyses of the internal tran-
scribed spacer sequence and partial sequence of the translation elongation factor 1-a gene, the isolates
were identified as either Lasiodiplodia theobromae or Lasiodiplodia pseudotheobromae. The optimal
temperature for mycelial growth for both species was around 30°C. Both species were pathogenic to
avocado stems and fruits, causing a whitish exudate at the inoculation site and necrosis on the stem,
and black lesions on the fruit. To our knowledge, this is the first report characterizing avocado branch
canker in Taiwan, which is different from temperate regions in major pathogenic species. The infor-
mation obtained in this study will be helpful for understanding the epidemiology of the pathogens and
establishing effective disease management strategies in avocado.
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Taiwan.

INTRODUCTION

Avocado (Persea americana Mill.) is cul-
tivated worldwide in tropical and subtropical
regions. It was introduced to Taiwan in the
twentieth century, and production has gradu-
ally increased due to an increasing consumer
demand for avocado in recent years. The major
avocado production areas are concentrated in
the southern cities of Taiwan, including Tainan

and Chiayi. In 2019, the planted acreage was
930 hectares with an annual yield of 10,366 Mg
(http://agrstat.coa.gov.tw/sdweb/public/inquiry/
InquireAdvance.aspx). Instead of ‘Hass’, which
is the most commercially popular avocado
worldwide, the major cultivars planted in Tai-
wan are ‘Hall’, ‘Choquette’, and local cultivars
derived mostly from open-pollinated West Indi-
an varieties, such as ‘Hung Shin Yuan’, ‘Tainung
No.1 Tasty Red’, ‘Tainung No.2 Green Gold’,
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‘Zhongpu Green Skin’, ‘CAES 2°, ‘CAES 3’,
‘CAES 4°, and ‘Changan’. This is because the
West Indian race and its hybrids with the Gua-
temalan race perform better in tropical areas
(Ghosh 2000). However, most orchards are
small (less than 2 hectares), and planted with a
variety of cultivars with different flower types
and harvest seasons ranging from June to Feb-
ruary.

Avocado branch cankers have been report-
ed in many avocado-growing countries, includ-
ing the United States (McDonald & Eskalen
2011), Chile (Valencia et al. 2019), Italy (Guar-
naccia et al. 2016), and Spain (Zea-Bonilla et
al. 2007; Arjona-Girona et al. 2019). Previously
published studies indicated that avocado branch
canker could occur on twigs, branches, or
trunks of avocado (McDonald & Eskalen 2011).
Cankers are often associated with wounds from
pruning, frost damage, mechanical damage,
split bark from wind damage, and grafting. In
addition, the incidence and severity of disecase
is greater in trees suffering from drought stress,
nutrient deficiencies, waterlogging, temperature
extremes, or damage by insects or other patho-
gens (Dann er al. 2013). The typical symptoms
include dark, cracked, or sunken bark, which
often exudes a reddish sap that dries to a whi-
tish-beige powder; underneath the canker, the
wood is reddish brown or brown (McDonald
& Eskalen 2011; Auger ef al. 2013; Dann et
al. 2013). A cross section of a cankered branch
might show a characteristic wedge-shaped dis-
coloration extending to the xylem (McDonald
& Eskalen 2011). Pathogen colonization can
affect water and nutrient transport, and weaken
the woody tissue, causing the affected branch to
wilt rapidly (McDonald & Eskalen 2011; Auger
et al. 2013; Eskalen et al. 2013).

Pathogens associated with avocado branch
canker include Neofusicoccum austral, Neofu-
sicoccum luteum, Neofusicoccum parvum, Neo-
fusicoccum nonquaesitum, Fusicoccum aesculli,
Dothiorella iberica, Diaporthe foeniculacea,
Diaporthe sterilis, Diplodia mutila, Diplodia
pseudoseriata, Diplodia seriata (McDonald &
Eskalen 2011; Eskalen et al. 2013; Guarnaccia

B70% H2i

et al. 2016), and Neocosmospora perseae (Guar-
naccia ef al. 2018). Most of the reported branch
canker pathogens are species in the Botryosphae-
riaceae family, members of which are associated
with a wide variety of woody hosts (Slippers &
Wingfield 2007). On avocado, they are also the
casual agents of stem-end rot on fruits (Twiz-
eyimana et al. 2013; Guarnaccia et al. 2016; Va-
lencia et al. 2019). In Taiwan, the major species
causing avocado stem-end rot are Lasiodiplodia
theobromae, N. parvum, Neofusicoccum mangif-
erae, and F. aesculi (Ni et al. 2011).

Avocado branch canker is a long-standing
problem in Taiwan, but the pathogens have
not yet been identified. Therefore, to provide
information for establishing effective disease
management strategies, the objectives of this
study were to identify and characterize the
pathogens associated with avocado branch
canker in Taiwan by morphological examina-
tion and molecular analysis, and evaluate their
pathogenicity.

MATERIALS AND METHODS
Field sampling and fungal isolation

Sampling was conducted in seven avocado
orchards from 2017 to 2019. In each orchard,
symptomatic branches were cut from trunks and
transported to the laboratory. Small wood piec-
es were removed from the margins between the
healthy and necrotic tissues. The samples were
disinfected by immersion in 0.5% NaClO for
30 s, rinsed with sterile water, and then placed
in Petri dishes containing 2% water agar. The
plates were incubated at 25°C for 1 to 4 d. Sin-
gle hyphal tips were transferred to potato dex-
trose agar (PDA, Difco Inc., Detroit, MI, USA)
to obtain a pure culture. All the isolates were
stored in 1 mL of sterile water at two different
temperatures, 10°C and 25C .

DNA extraction, polymerase chain reaction
(PCR) amplification and sequencing

Mycelia from each isolate were collect-
ed from colonies cultivated on PDA and DNA
was extracted using QuickExtract™ Plant
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DNA Extraction Solution (Epicenter, Madison,
WI, USA). The internal transcribed spacer 1
(ITS1)-5.8S-1TS2 region of ribosomal DNA
(referred to as the ITS) and partial sequence of
the translation elongation factor 1-o0. (TEF1-a)
were amplified using primers ITS4 and ITSS5
(White et al. 1990), and EF1F and EF2R (Ja-
cobs et al. 2004), respectively. For isolate
AZP69, sequence of TEF1-o was amplified
using primers EF688F and EF1251R (Alves et
al. 2008). PCR was performed in a 25-pL re-
action mixture containing 5 pL of Fast-Run™
Taq Master Mix 5x (Protech Technology En-
terprise Co., Ltd., Taipei, Taiwan), 18 puL of
ddH,0, 0.5 uL of each primer (10 pmole pL™),
and 1 uL of DNA template (50 ng uL™"). The PCR
conditions for the primers ITS4 and ITS5 were 4
min of initial denaturation at 94°C, followed by
35 cycles of 30 s of denaturation at 94°C, 30 s of
annealing at 52°C, and 30 s of extension at 72°C,
and a final extension of 4 min at 72°C. For the
primers EF1F, EF2R, EF688F and EF1251R, the
PCR conditions were 4 min of initial denaturation
at 94°C, followed by 35 cycles of 30 s of denatu-
ration at 94°C, 30 s of annealing at 55°C, and 45
s of extension at 72°C, and a final extension of
5 min at 72°C. The PCR product was purified and
sequenced by Tri-1 Biotech, Inc. (Taipei, Tai-
wan).

Phylogenetic analyses

Bayesian inference was used to construct
phylogenetic trees. The ITS and TEF1-a nu-
clear gene regions were used in the analysis.
Sequences of 56 Lasiodiplodia isolates from
the GenBank database were included in the
tree (Table 1). Multiple sequence alignment of
each gene was conducted using ClustalX v. 2.1
(Larkin et al. 2007), and these alignments were
concatenated using SequenceMatrix v. 2.1.10
(Vaidya et al. 2011). Modeltest (Darriba et al.
2012) was used to choose the best-fit DNA
substitution model under the Bayesian infor-
mation criterion (BIC). The DNA substitution
model used for ITS and TEF1-a were K80 + 1
and GTR + G, respectively. Phylogenetic tree
construction was conducted with MrBayes v.

3.2.6 (Ronquist ef al. 2012). The analysis was run
twice for 1 x 107 generations, and samples were
taken from the posterior every 1,000 generations.
The first 25% of generations were discarded
as burn-in. The tree is rooted with Barriopsis
fusca CBS174.26. The tree and matrices were
deposited in TreeBASE (http://purl.org/phylo/
treebase/phylows/study/TB2:S27172).

Morphological characterization

Colony morphology was characterized by
growing isolates on PDA for 3 d at 25°C in darkness.
Production of pycnidia and conidia was induced
by placing mycelial plugs on 2% (w/v) water
agar (Merck, Darmstadt, Germany) supplement-
ed with autoclaved horsetail stem (Casuarina
equisetifolia L.) (Ni et al. 2011; Kee et al. 2017)
and incubating for over 21 d at 25°C under black
light (TL-D 18W BLB, Philips, Amsterdam,
Netherlands). Morphological characteristics
(e.g., color, shape, and septation of conidia
and paraphyses) were observed with a Nikon
801 microscope (Tokyo, Japan), and pictures
were captured with a Progres Gryphax cam-
era (Jenoptik, Jena, Germany). The length and
width of 50 conidia were measured.

Effect of temperature on mycelial growth

Mycelial discs (5 mm in diameter) of thir-
teen isolates obtained from necrotic avocado
wood tissues (Table 2) were transferred to PDA
in Petri dishes (9 cm in diameter) and incubated
at 10, 15, 20, 25, 30 and 35°C in darkness. There
were six replicates for each temperature. The
colony diameter was measured at 24 h.

Pathogenicity test on stems

One-year-old grafted ‘Hall” avocado plants
were kept in a greenhouse (ambient temperature
25-45°C). Healthy stems about 1 cm diameter
were selected for inoculation. The surface of
the stem was disinfected with 75% ethanol. A
piece of bark (5 mm in diameter) was removed
from the stem with a sterilized cork borer. L.
theobromae ADN21 and Lasiodiplodia pseudo-
theobromae AZC38 were selected for the patho-
genicity test as they were isolated from the two
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Table 1. GenBank accession numbers for DNA sequences of Lasiodiplodia spp. used in the phylogenetic analyses.

GenBank accession number*”

Species Isolate ITS TEF1-a

Barriopsis fusca CBS 174.26 KF766149 KF766395
Lasiodiplodia brasiliense COAD 1784 KP244693 KP308469
L. brasiliense COAD 1786 KP244696 KP308471
L. brasiliense COAD 1787 KP244695 KP308470
L. brasiliense CDA 431 KP244694 KP308472
L. brasiliense CMM4015 JX464063 JX464049
Lasiodiplodia crassispora CBS110492 EF622086 EF622066
L. crassispora CMW13488 FJ888465 FJ888452
Lasiodiplodia egyptiacae BOT29 JN814401 JN814428
L. egyptiacae CBS130992 JN814397 JN814424
L. egyptiacae COAD 1791 KP244687 KP308462
Lasiodiplodia euphorbiicola CMM3652 KF234554 KF226715
L. euphorbiicola CMM3609 KF234543 KF226689
Lasiodiplodia exigua CBS137785 KJ638317 KJ638336
L. exigua BL185 KJ638319 KJ638338
Lasiodiplodia gilanensis IRAN1523C GU945351 GU945342
L. gilanensis IRAN1501C GU945352 GU945341
Lasiodiplodia gonubiensis CBS115812 DQ458892 DQ458877
Lasiodiplodia hormozganensis IRAN1500C GU945355 GU945343
L. hormozganensis IRAN1498C GU945356 GU945344
Lasiodiplodia iraniensis IRAN 921C GU945346 GU945334
L. iraniensis IRAN 1519C GU945350 GU945338
Lasiodiplodia jatrophicola CMM3610 KF234544 KF226690
Lasiodiplodia macrospora CMM3833 KF234557 KF226718
L. mahajangana CMW27801 FJ900595 FJ900641
L. mahajangana CMW27820 FJ900597 FJ900643
L. missouriana UCD2193M HQ288225 HQ288267
L. missouriana UCD2199MO HQ288226 HQ288268
Lasiodiplodia parva CBS456.78 EF622083 EF622063
L. parva CBS494.78 EF622084 EF622064
L. parva CBS495.78 EF622085 EF622065
Lasiodiplodia plurivora STEU-5803 EF445362 EF445395
Lasiodiplodia pseudotheobromae COAD 1785 KP244690 KP308464
L. pseudotheobromae CBS116459 EF622077 EF622057
L. pseudotheobromae CBS116460 EF622078 EF622058
L. pseudotheobromae CMM3887 KF234559 KF226722

L. pseudotheobromae CBS 447.62 EF622081 EF622060
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Table 1. GenBank accession numbers for DNA sequences of Lasiodiplodia spp. used in the phylogenetic analyses.

(continued)
GenBank accession number*”

Species Isolate ITS TEF1-a
L. pseudotheobromae AZC38 MN911394 MN921243
L. pseudotheobromae ADN23 MN911393 MN921242
L. pseudotheobromae AZC12 MN911392 MN921241
L. pseudotheobromae AFLS MT093794 MT086519
Lasiodiplodia pyriformis CBS121770 EU101307 EU101352
L. pyriformis CBS121771 EU101308 EU101353
Lasiodiplodia subglobosa CMM3872 KF234558 KF226721
L. subglobosa CMM4046 KF234560 KF226723
Lasiodiplodia theobromae CBS111530 EF622074 EF622054
L. theobromae CBS 164.96 AY 640255 AY 640258
L. theobromae CBS 124.13 DQ458890 DQ458875
L. theobromae CBS 339.90 EF622072 EF622052
L. theobromae CMW9074 AY 236952 AY236901
L. theobromae COAD 1788 KP244698 KP308476
L. theobromae COAD 1789 KP244700 KP308474
L. theobromae CDA 425 KP244697 KP308475
L. theobromae CDA 444 KP244699 KP308477
L. theobromae CDA 450 KP244688 KP308478
L. theobromae CDA 455 KP244689 KP308463
L. theobromae CDA 467 KP244702 KP308473
L. theobromae ADN21 MN911388 MN921237
L. theobromae ACY1 MN911389 MN921238
L. theobromae ACY4 MN911390 MN921239
L. theobromae AZC42 MN911391 MN921240
L. theobromae AZP58 MT093789 MT086514
L. theobromae AZP69 MT093790 MT086515
L. theobromae AFL1 MT093791 MT086516
L. theobromae ASS25 MT093792 MT086517
L. theobromae ASS28 MT093793 MT086518
Lasiodiplodia viticola UCD2604MO HQ288228 HQ288270
L. viticola UCD2553AR HQ288227 HQ288269
Lasiodiplodia venezuelensis CBS118739 DQ103547 DQ103568
L. venezuelensis CMW13512 DQ103549 DQ103570

*ITS: internal transcribed spacer regions 1 and 2, including the 5.8S ribosomal ribonucleic acid (RNA) gene; and TEF1-a: transla-

tion elongation factor 1-o.
¥ Isolates in boldface were obtained in this study.
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Table 2. Conidial measurements of Lasiodiplodia theobromae and Lasiodiplodia pseudotheobromae obtained from

avocado in Taiwan and those obtained in previous studies

Conidial size (um)

Species Isolate Location Length* Width” L/w* Source
L. theobromae ADN21 Danei, Tainan 20.5-24.6-28.3 12.5-14.0-155 1.8 This study
ACY1 Chiayi 19.4-24.0-28.8 10.7-13.9-179 1.8 This study
ACY4 Chiayi 19.1-22.2-245 12.0-13.4-155 1.7 This study
AZC42 Zhugi, Chiayi 20.2-22.6-25.3 11.9-135-145 1.7 This study
AZP58 Zhongpu, Chiayi  19.0-23.6-27.2 11.1-13.4-155 1.8 This study
AZP69 Zhongpu, Chiayi  22.1-24.7-27.3 10.8-13.3-14.9 1.9 This study
AFL1 Fanlu, Chiayi 21.2-24.4-284 12.3-13.8-15.7 1.8 This study
ASS25 Shanshang, Tainan 19.1-21.6-24.8 11.1-12.3-141 18 This study
ASS28 Shanshang, Tainan 21.3-24.2-27.9 11.5-13.2-153 1.8 This study
- - 21.0-26.2-31.0 13.0-14.2-15.0 1.9 Alves et al. (2008)
22.4-24.2 12.9-14.3 1.8 Abdollahzadeh et al. (2010)
24.49-27.49 13.30-14.79 1.8 Marques et al. (2013)
CBS 164.96 - 19.0-26.2-32.5 12.0-14.2-185 1.9 Phillips et al. (2013)
20.7-22.7 11.7-14.1 1.8 Netto et al. (2014)
- - 24.5-28.2 13.3-15.1 1.8 Correia et al. (2016)
- - 18.5-30.5 12-18 - Rosado et al. (2016)
PALUCA449F - 16.7-20.9-26.2 11.1-12.7-145 1.7 Valencia et al. (2019)
L. pseudotheobromae AZC38 Zhugi, Chiayi 21.1-25.8-32.7 12.4-14.4-18.1 1.8 This study
ADN23 Danei, Tainan ~ 22.4-24.9-30.3 10.1-12.9-144 2.0 This study
AZC12 Zhuqi, Chiayi 19.3-22.5-25.6 11.2-13.6-155 1.7 This study
AFL8 Fanlu, Chiayi 22.9-26.4-30.0 11.9-16.3-19.3 1.6 This study
21.7-26.3 13.4-14.8 1.7 Abdollahzadeh et al. (2010)
25.07-28.23 13.4-15.6 1.8 Marques et al. (2013)
21.2-25.8 12.5-13.9 1.8 Netto ez al. (2014)
- - 23.5-28.0-32.0 14-16-18 1.7 Alves et al. (2008)
- - 25.3-29.6 14.7-16.8 1.8 Correia et al. (2016)
- - 25-32 14-18 - Rosado et al. (2016)

* Minimum length-average length-maximum length (or minimum length-maximum length when the average was not available).
Y Minimum width-average width-maximum width (or minimum width-maximum width when the average was not available).

¥ L/W = average length/average width.

major avocado production areas in Taiwan. A
2-day-old mycelial plug (5 mm in diameter)
was placed in the wound with the mycelial side
facing the wound. Control plants were treated
with sterile PDA discs (5 mm in diameter). The
wound was sealed with parafilm to prevent de-
hydration, which was unwrapped at 2 wk after
inoculation. The experimental design was com-
pletely randomized with 10 replicates for each

treatment. The lengths of the external necrotic
lesions were measured weekly. After 4 wk, the
stems were cut and the lengths of the lesions
that developed inside the stem were measured.
Pathogens were re-isolated from lesions and
re-identified by analysis of colony morphology
and ITS sequences to fulfill Koch’s postulates.

The experiment was repeated twice.
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Pathogenicity test on fruits

Two local cultivars, ‘Changan’ and ‘Zhong-
pu Green Skin’, were chosen for pathogenicity
test because their fruits remain green-skinned
after ripening, making lesion observation more
convenient. The fruits were harvested at maturity
and surface disinfected with 75% ethanol. Two-
day-old mycelial plugs (5 mm in diameter) of
L. theobromae ADN21 and L. pseudotheobro-
mae AZC38 were placed on the fruits with the
mycelial side facing the fruits. Control fruits
were treated with sterile PDA discs (5 mm in
diameter). The fruits were either unwounded
or wounded with a flamed-sterilized needle (5
mm in depth). There were 5 replicates for each
treatment. The fruits were kept at 25°C in 100%
relative humidity for the first 2 d after inocula-
tion, and then the relative humidity were reduced
to 65% for the rest of the trial. The diameters of
the necrotic lesions on fruits were measured at 3

(A) (B)

(©)

Fig. 1.

and 5 d after inoculation, and the data were sub-
jected to one-way analysis of variance (ANOVA)
followed by Fisher’s least significant difference
(LSD) test using SAS Enterprise Guide version
7.15. Pathogens were re-isolated from lesions
and re-identified by analysis of colony morphol-
ogy and TEF1-qa sequences.

RESULTS

Field symptoms and fungi isolation

A total of 13 isolates were recovered from
symptomatic avocado branches from seven diff-
erent orchards (Table 2). The symptoms included
dieback of affected branches (Fig. 1A) and in-
ternal browning visible in the cross section of a
wilted branch (Fig. 1B). Darkening of bark with
extrusion of reddish sap also occurred, and the
wood underneath the bark turned reddish brown
(Figs. 1C-1D). In addition, there was evidence

Symptoms of avocado branch canker in the field. (A) Dieback of an affected branch; (B) internal brown-

ing in a wilted branch; (C) discolored bark with reddish sap; (D) reddish brown wood underneath the bark; and (E)
browning and decay visible in the cross section of an old pruning wound.
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that infection could also start from a mechanical
injury, such as a pruning cut. For example, when
pruning was not done properly, i.e., cutting too
far from the branch collar and leaving a section
of dead limb on the tree, it appears that the prun-
ing wounds did not heal properly and infection
occurred, making the inner tissues turn brown
and decay (Fig. 1E).

Phylogenetic analysis

DNA sequences of the two gene regions were
obtained from 70 isolates included in this study
and concatenated to form a supermatrix of 1,347
bps. The result revealed the thirteen avocado iso-
lates in this study belonged to L. theobromae or L.
pseudotheobromae (Fig. 2). Four isolates, AND23,
AFL8, AZC12 and AZC38, were under the clade L.
pseudotheobromae with a high Bayesian posterior
probability (BPP) value of 100%. Nine L. theo-
bromae isolates (ACY1, ACY4, AFL1, ADN21,
ASS25, ASS28, AZC42, AZP58 and AZP69) were
under L. theobromae clade.

Morphological characterization

The conidial size of each isolate is shown in
Table 2. L. theobromae ADN21 and L. pseudo-
theobromae AZC38 were selected for further
morphological characterization, as they were
also tested for pathogenicity. Colonies of L.
theobromae ADN21 grown on PDA were grey-
ish white on the upper surface with fluffy aerial
mycelia, and the lower surface was greyish white
initially but became dark green after 3 d (Figs.
3A-3B). Paraphyses were hyaline, cylindrical,
and aseptate. Conidia were subovoid to ellipsoid.
Immature conidia were hyaline and aseptate,
and mature conidia were dark brown and 1-sep-
tate, measuring 24.6 uym x 14.0 um on average
(n = 50) (Table 2, Figs. 3C-3E). Colonies of L.
pseudotheobromae AZC38 grown on PDA were
also grey-white on the upper surface with fluffy
aerial mycelia, but the lower surface remained
greyish white after 3 d (Figs. 4A-4B). Para-
physes were hyaline, cylindrical, and aseptate.
Conidia were subovoid to ellipsoid. Immature
conidia were hyaline and aseptate, and mature
conidia were dark brown and 1-septate, measur-
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ing 25.8 pym x 14.4 pm on average (n = 50) (Table
2, Figs. 4C—4E).

Effect of temperature on mycelial growth

All 13 isolates of L. theobromae and L.
pseudotheobromae could grow in the range of
10-35C. L. theobromae grew slightly faster than
L. pseudotheobromae on average, but not all iso-
lates of L. theobromae grew faster than L. pseudo-
theobromae isolates (Fig. 5). Optimal mycelial
growth for both species was observed at 30°C; the
average colony diameters of L. theobromae and L.
pseudotheobromae at this temperature were 58.9
mm and 53.8 mm, respectively.

Pathogenicity test on stems

Both L. theobromae ADN21 and L. pseudo-
theobromae AZC38 were pathogenic to ‘Hall’
avocado. After inoculation with L. theobromae
ADN21 or L. pseudotheobromae AZC38, ex-
cretion of a white powder and an external black
lesion were observed at the inoculation site of
every stem, while the inoculation site in the con-
trol treatment healed by the end of trial (Figs.
6A—-6C). The external black lesions at the L. theo-
bromae ADN21 and L. pseudotheobromae AZC38
inoculation sites expanded by 0.79 cm and 1.10
cm, respectively, from week 2 to week 4 (Table 3).
Underneath the lesions, the tissues turned brown
along the vascular bundle, and the internal lesion
lengths were longer the external lesions (Figs.
6E—6F). The average internal lesion lengths were
9.98 cm and 8.79 cm for L. theobromae ADN21
and L. pseudotheobromae AZC38, respectively,
at 4 wk after inoculation (Table 3). Both isolates
were successfully re-isolated from necrotic tissues
and re-identified based on cultural features and
ITS sequences, while no Lasiodiplodia spp. were
isolated from the control-treated tissues.

Pathogenicity test on fruits

Both L. theobromae ADN21 and L. pseudo-
theobromae AZC38 caused black lesions on
avocado fruits. The external lesions were visible
at 2 d after inoculation, and continued becoming
larger. Underneath the lesions, the pulp turned
soft, water-soaked, and black. In wounded in-
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Fig. 3. Morphological characteristics of Lasiodiplodia theobromae ADN21. (A-B) Colony morphology on potato
dextrose agar after 3 days at 25°C. (A) Top view; (B) bottom view; (C) mature conidia; (D) immature conidia; and (E)
conidiogenous layer with conidiogenous cells and paraphyses. Scale bars: (C) and (D) = 10 um; (E) = 50 pum.

oculation, both isolates caused lesions on both
‘Changan’ and ‘Zhongpu Green Skin’ fruits. At
3 d post inoculation, the average lesion diame-
ter caused by L. pseudotheobromae AZC38 on
‘Changan’ fruits was 3.54 cm, which was signifi-
cantly larger than the lesion caused by L. theo-
bromae ADN21 (1.47 cm), while there was no
significant difference between them on ‘Zhongpu
Green Skin’ fruits. At 5 d post inoculation, both
species caused lesions greater than 6 ¢cm in di-
ameter on both ‘Changan’ and ‘Zhongpu Green
Skin’ fruits (Table 4). In unwounded inoculation,
L. pseudotheobromae AZC38 caused lesions on
both cultivars, while L. theobromae ADN21 only
caused lesions on two ‘Zhongpu Green Skin’
fruits. Both isolates were successfully re-isolated
from necrotic pulps and re-identified based on
cultural features and TEF1-0 sequences. All con-
trol fruits remained symptomless at treated sites,
and no fungi were re-isolated.

DISCUSSION

Avocado branch canker is widely distributed
in many avocado production areas in Taiwan. In
this study, L. theobromae and L. pseudotheobro-
mae were identified from symptomatic avocado
branches. To our knowledge, this is the first
report characterizing avocado branch canker in
Taiwan.

The morphological characteristics of L.
theobromae and L. pseudotheobromae isolates
examined in this study generally corresponded
to those reported in published studies (Alves
et al. 2008; Phillips et al. 2013; Correia et al.
2016; Rosado et al. 2016; Valencia et al. 2019),
although the conidial sizes were slightly smaller.
The possible reasons might include different
culture methods and differences between iso-
lates. The morphology of L. pseudotheobromae
is similar to that of L. theobromae. In fact, L.
pseudotheobromae was previously considered
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Fig. 4. Morphological characteristics of Lasiodiplodia pseudotheobromae AZC38. (A-B) Colony morphology on
potato dextrose agar after 3 days at 25°C (A, Top view; B, Bottom view); (C) mature conidia; (D) immature conidia;
and (E) conidiogenous layer with conidiogenous cells and paraphyses. Scale bars: (C-D) = 10 um; (E) = 50 pum.

Fig. 5. Effect of temperature on mycelial growth of Lasiodiplodia theobromae and Lasiodiplodia pseudotheobro-
mae isolated in this study. Colony diameter (mm) was measured at 24 h after inoculation on potato dextrose agar.
Each dot represents the average colony diameter for each isolate from six replicates.
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to be L. theobromae until Alves et al. (2008)
combined morphological and phylogenetic
analyses to distinguish these species. According
to Alves et al. (2008), L. pseudotheobromae
differs from L. theobromae in its conidia, which
are larger and more ellipsoid and do not taper as
strongly toward the truncate base; in addition, L.
pseudotheobromae can grow at 10°C. However,
according to our study and previous studies, co-
nidial shape ranges from subovoid to ellipsoid

A B’ ©

(D) B 6

Fig. 6. (A-C) External lesions and (D-F) internal
discoloration that developed 4 wk after artificial inocu-
lation on ‘Hall” avocado stems. (A, D) Control; (B, E)
Lasiodiplodia theobromae ADN21; and (C, F) Lasiodi-
plodia pseudotheobromae AZC38.

70% FH2 M

for all isolates, and conidial size also varies
between different isolates. As for the differenc-
es in growth at low temperature, all isolates of
both species in the present study could grow
at 10°C, which is consistent with the findings of
Abdollahzadeh et al. (2010), Marques et al.
(2013) and Netto et al. (2014).

Because morphological and culture char-
acteristics might not be sufficient to distinguish
closely related species of Lasiodiplodia, it is
necessary to analyze sequences from multiple
loci to identify Lasiodiplodia spp. Thirteen iso-
lates obtained from different avocado growing
areas in Taiwan were included in the phyloge-
netic analyses. All of them were identified as
either L. theobromae or L. pseudotheobromae
based on ITS and TEF-1a sequences.

The pathogenicity test on stems in this
study showed that L. theobromae and L. pseudo-
theobromae are pathogenic to the avocado ‘Hall’
cultivar. Under the conditions used in the test,
symptoms developed rapidly and lesions were
visible after 2 wk of inoculation. Avocado branch
canker has been reported to be associated with
several fungal species in different countries,
most of which are members of the Botryosphae-
riaceae family, including L. pseudotheobromae,
N. austral, N. luteum, N. parvum, N. nonquaesi-
tum, F. aesculi, D. iberica, Dip. mutila, Dip.
pseudoseriata, and Dip. seriata (McDonald &
Eskalen 2011; Eskalen et al. 2013; Trakunying-
charoen et al. 2015; Guarnaccia ef al. 2016).
Interestingly, L. theobromae was not reported as
a major pathogen in most previous studies inves-
tigating pathogens of avocado branch canker or

Table 3. Pathogenicity test of Lasiodiplodia theobromae and Lasiodiplodia pseudotheobromae on ‘Hall’ avocado
stem.
Lesion length (M + SD, cm)*
Isolate 2 wk” 3wk’ 4 wk” 4 wk* Incidence”
L. theobromae ADN21 3.60+1.23 419+£171 439+ 177 9.98 +4.03 10/10
L. pseudotheobromae AZC38 529 +3.03 6.24 +4.02 6.39 £ 4.00 8.79+3.79 10/10
Control 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.12+0.38 0/10

* Mean (M) and standard deviation (SD) are derived from 10 replicates.

Y External lesions at weeks 2, 3 and 4.
*Internal lesions at 4 wk.

“Incidence = number of stems with external lesions/number of treated stems.
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Table 4. Pathogenicity test of Lasiodiplodia theobromae ADN21 and Lasiodiplodia pseudotheobromae AZC38 on

avocado fruits.

Lesion diameter (M + SD, cm)*

‘Changan’ ‘Zhongpu Green Skin’
Isolate Wound” 3d Incidence® 3d 5d Incidence®
L. theobromae ADN21 + 147+1.08b 6.24+195a 5/5 297+095a 7.45+176a 5/5

- 0.00+0.00c 0.00+0.00c 0/5
3.54+0.63a 7.83+0.99a 5/5
- 142+1.04b 4.09+237b 4/5
0.00+0.00c 0.00+0.00c 0/5
- 0.00+0.00c 0.00+0.00c 0/5

L. pseudotheobromae AZC38 +

Control +

0.44+064b 135+209b 2/5
3.20+0.44a 8.00+152a 5/5
251+0.82a 6.66+1.15a 5/5
0.00+0.00b 0.00+0.00b 0/5
0.00+0.00b 0.00+0.00b 0/5

“ Mean (M) and standard deviation (SD) are derived from 5 replicates. Means in the same column followed by the same letter are not
significantly different according to Fisher’s least significant difference (LSD) test (P = 0.05).

¥ “+> means wounded inoculation, while “— means unwounded inoculation.

*Incidence = number of symptomatic fruits/number of treated fruits.

dieback (McDonald & Eskalen 2011; Eskalen et
al. 2013; Guarnaccia ef al. 2016), and seemed to
be a minor avocado branch canker pathogen (Ar-
jona-Girona et al. 2019) or more closely associ-
ated with stem-end rot (Valencia ef al. 2019). L.
pseudotheobromae has only been demonstrated
to cause avocado stem canker in Thailand (Tra-
kunyingcharoen et al. 2015).

The tropical climate of Taiwan might be
one possible reason for the differences in patho-
gen species between Taiwan and most other
countries. First of all, the avocado cultivars
planted in Taiwan are mostly the West Indi-
an race or West Indian x Guatemalan hybrids
because they perform better in tropical areas,
while major avocado production countries
mostly plant ‘Hass’, a Guatemalan x Mexican
hybrid. Similar to Taiwan, L. pseudotheobromae
was also demonstrated to cause stem canker on
avocado in Thailand (Trakunyingcharoen et al.
2015), where the most common avocados planted
are West Indian x Guatemalan hybrids (Bab-
praserth & Subhadrabandhu 2000). Whether the
virulence and distribution of Botryosphaeriace-
ae spp. on avocado stems varies among differ-
ent cultivars requires further studies.

Secondly, the higher temperature in Taiwan
might also result in the difference in pathogenic
species between Taiwan and other countries.
Previous studies indicated that climatic factors
might not explain the distribution of Botryos

phaeriaceae spp. on avocado because the same
species could be detected in avocado orchards
located in different climatic zones (McDonald &
Eskalen 2011; Valencia et al. 2019). However,
a phylogeographic study on the distribution of
Botryosphaeriaceae in Australia indicated that
although some species had a wide distribution
across tropical and temperate regions, most
Lasiodiplodia spp. were more common in tropi-
cal regions, while Diplodia, Dothiorella and
most Neofusicoccum spp. were more common
in temperate regions (Burgess et al. 2019). In
addition, the optimal growth temperature of Di-
plodia spp. and Neofusicoccum spp. was around
25°C (Valencia et al. 2019), while it was found
to be around 30°C for both L. theobromae and L.
pseudotheobromae in this study and previously
published studies (Netto ez al. 2014; Valencia et
al. 2019).

The annual average temperature in Tainan
City, the major avocado production area in Tai-
wan, was around 25°C in 2018, with a high tem-
perature of 33°C and low temperature of 14°C
(Central Weather Bureau 2018). The average tem-
perature is clearly higher than that in temperate
avocado production countries. For example, the
average temperature of avocado production ar-
eas is around 14°C in Chile (Barros & Sanchez
1992) and 13-18°C in California (McDonald &
Eskalen 2011). Therefore, it is possible that the
warmer tropical climate in Taiwan might favor
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the growth of L. theobromae and L. pseudo-
theobromae, resulting in the difference in
pathogenic species compared with other coun-
tries. Similarly, L pseudotheobromae was also
demonstrated to cause stem canker on avocado
in Thailand (Trakunyingcharoen et al. 2015),
which is also a tropical area. Further investiga-
tion of the fungal species associated with avo-
cado branch canker in tropical regions would
be helpful for understanding the epidemiology
of Botryosphaeriaceae species on avocado and
developing avocado disease management strate-
gies in tropical regions.

The pathogenicity test on fruits in this
study showed that L. pseudotheobromae caused
lesions on both wounded and unwounded inocu-
lated fruits, while L. theobromae only caused
severe symptoms on wounded fruits. Though
previous studies had demonstrated that both
L. theobromae and L. pseudotheobromae were
pathogenic to avocado fruits (Ni et al. 2011;
Trakunyingcharoen et al. 2015; Valencia et
al. 2019), this study further indicated that L.
pseudotheobromae could invade avocado fruits
without a wound. Therefore, L. pseudotheobro-
mae might cause postharvest fruit rot not only
at stem-ends, but also at other fruit parts.

As avocado branch canker is a major threat
to avocado production worldwide, it is crucial
to develop effective control methods. The re-
sults of this study suggest that the fungal patho-
gens associated with avocado branch canker
might differ between tropical and temperate
regions, indicating that in the future it is impor-
tant to study the epidemiology of the pathogens
and develop effective management strategies.

ACKNOWLEDGEMENTS

We thank the Council of Agriculture, Ex-
ecutive Yuan, Taiwan (ROC) for funding this
research; Ms. S. L. Hsu and S. Y. Lai for their
assistance in fungal pathogen isolation, tem-
perature effect tests, and sequence analysis; and
producers who allowed us to sample from their
orchards.

70%E FH2 M

REFERENCES

Abdollahzadeh, J., A. Javadi, E. M. Goltapeh, R. Zare, and
A. J. L. Phillips. 2010. Phylogeny and morphology
of four new species of Lasiodiplodia from Iran. Per-
soonia 25:1-10. doi:10.3767/003158510X524150

Alves, A., P. W. Crous, A. Correia, and A. J. L. Phillips.
2008. Morphological and molecular data reveal
cryptic speciation in Lasiodiplodia theobromae.
Fungal Divers. 28:1-13.

Arjona-Girona, I., D. Ruano-Rosa, and C. J. Lopez-Her-
rera. 2019. Identification, pathogenicity and distri-
bution of the causal agents of dieback in avocado
orchards in Spain. Span. J. Agric. Res. 17:¢1003.
doi:10.5424/sjar/2019171-13561

Auger, J., F. Palma, 1. Pérez, and M. Esterio. 2013. First
report of Neofusicoccum australe (Botryosphaeria
australis), as a branch dieback pathogen of avocado
trees in Chile. Plant Dis. 97:842. doi:10.1094/PDIS-
10-12-0980-PDN

Babpraserth, C. and S. Subhadrabandhu. 2000. Avocado
production in Thailand. p.57-64. in: Avocado Pro-
duction in Asia and the Pacific. (Papademetriou, M.
K., ed.) Food and Agriculture Organization of the
United Nations and Regional Office for Asia and the
Pacific. Bangkok, Thailand. 72 pp.

Barros, R. and L. Sanchez. 1992. The Chilean avocado
industry. p.639-642. in: Proceedings of the Second
World Avocado Congress: The Shape of Things to
Come. April 21-26, 1991. Orange, CA, USA. Cali-
fornia Avocado Society, Ventura, CA.

Burgess, T. L., Y. P. Tan, J. Garnas, J. Edwards, K. A. Scar-
lett, L. A. Shuttleworth, R. Daniel, E. K. Dann, L. E.
Parkinson, Q. Dinh, R. G. Shivas, and F. Jami. 2019.
Current status of the Botryosphaeriaceae in Austra-
lia. Australas. Plant Pathol. 48:35—44. doi:10.1007/
$13313-018-0577-5

Central Weather Bureau. 2018. Climatological data an-
nual report. Central Weather Bureau, Taipei, Tai-
wan. https://www.cwb.gov.tw/Data/service/notice/
download/publish_20200421152340.pdf (visit on
04/29/2021)

Correia, K. C., M. A. Silva, M. A. de Morais, Jr., J. Ar-
mengol, A. J. L. Phillips, M. P. S. Camara, and S. J.
Michereff. 2016. Phylogeny, distribution and patho-
genicity of Lasiodiplodia species associated with
dieback of table grape in the main Brazilian export-
ing region. Plant Pathol. 65:92-103. doi:10.1111/
ppa.12388

Dann, E. K., R. C. Ploetz, L. M. Coates, and K. G. Pegg.
2013. Foliar, fruit and soilborne diseases. p.380-422.
in: The Avocado: Botany, Production and Uses. 2"



Avocado Branch Canker in Taiwan 95

ed. (Schaffer, B., B. N. Wolstenholme, and A. W.
Whiley, eds.) CABI. Wallingford, UK. 560 pp.

Darriba, D., G. L. Taboada, R. Doallo, and D. Posada.
2012. jModelTest 2: More models, new heuris-
tics and parallel computing. Nat. Methods 9:722.
doi:10.1038/nmeth.2109

Eskalen, A., B. Faber, and M. Bianchi. 2013. Spore trap-
ping and pathogenicity of fungi in the Botryosphae-
riaceae and Diaporthaceae associated with avocado
branch canker in California. Plant Dis. 97:329-332.
doi:10.1094/PDIS-03-12-0260-RE

Ghosh, S. P. 2000. Avocado production in India. p.24-30.
in: Avocado Production in Asia and the Pacific.
(Papademetriou, M. K., ed.) Food and Agriculture
Organization of the United Nations and Regional
Office for Asia and the Pacific. Bangkok, Thailand.
72 pp.

Guarnaccia, V., A. Vitale, G. Cirvilleri, D. Aiello, A.
Susca, F. Epifani, G. Perrone, and G. Polizzi. 2016.
Characterisation and pathogenicity of fungal species
associated with branch cankers and stem-end rot of
avocado in Italy. Eur. J. Plant Pathol. 146:963-976.
doi:10.1007/310658-016-0973-z

Guarnaccia, V., M. Sandoval-Denis, D. Aiello, G. Polizzi,
and P. W. Crous. 2018. Neocosmospora perseae
sp. nov., causing trunk cankers on avocado in It-
aly. Fungal Syst. Evol. 1:131-140. doi:10.3114/
fuse.2018.01.06

Jacobs, K., D. R. Bergdahl, M. J. Wingfield, S. Halik, K.
A. Seifert, D. E. Bright, and B. D. Wingfield. 2004.
Leptographium wingfieldii introduced into North
America and found associated with exotic Tomic-
us piniperda and native bark beetles. Mycol. Res.
108:411-418. doi:10.1017/S0953756204009748

Kee, Y. J., N. N. Suhaimi, L. Zakaria, and M. H. Mohd.
2017. Characterisation of Neoscytalidium dimidia-
tum causing leaf blight on Sansevieria trifasciata
in Malaysia. Australas. Plant Dis. Notes 12:60.
doi:10.1007/s13314-017-0284-z

Larkin, M. A., G. Blackshields, N. P. Brown, R. Chenna,
P. A. McGettigan, H. McWilliam, F. Valentin, I. M.
Wallace, A. Wilm, R. Lopez, J. D. Thompson, T.
J. Gibson, and D. G. Higgins. 2007. Clustal W and
Clustal X version 2.0. Bioinformatics 23:2947-2948.
doi:10.1093/bioinformatics/btm404

Marques, M. W., N. B. Lima, M. A. de Morais, Jr., M. A.
G. Barbosa, B. O. Souza, S. J. Michereff, A. J. L.
Phillips, and M. P. S. Camara. 2013. Species of La-
siodiplodia associated with mango in Brazil. Fungal
Divers. 61:181-193. doi:10.1007/s13225-013-0231-z

McDonald, V. and A. Eskalen. 2011. Botryosphaeriaceae
species associated with avocado branch cankers in

California. Plant Dis. 95:1465-1473. doi:10.1094/
PDIS-02-11-0136

Netto, M. S. B., I. P. Assun¢do, G. S. A. Lima, M. W.
Marques, W. G. Lima, J. H. A. Monteiro, V. de Que-
iroz Balbino, S. J. Michereff, A. J. L. Phillips, and
M. P. S. Camara. 2014. Species of Lasiodiplodia
associated with papaya stem-end rot in Brazil. Fungal
Divers. 67:127-141. doi:10.1007/s13225-014-0279-4

Ni, H. F.,, M. F. Chuang, S. L. Hsu, S. Y. Lai, and H. R.
Yang. 2011. Survey of Botryosphaeria spp., causal
agents of postharvest disease of avocado, in Taiwan.
J. Taiwan Agric. Res. 60:157-166. (in Chinese with
English abstract)

Phillips, A. J. L., A. Alves, J. Abdollahzadeh, B. Slippers,
M. J. Wingfield, J. Z. Groenewald, and P. W. Crous.
2013. The Botryosphaeriaceae: Genera and spe-
cies known from culture. Stud. Mycol. 76:51-167.
doi:10.3114/sim0021

Ronquist, F., M. Teslenko, P. van der Mark, D. L. Ayres, A.
Darling, S. Hohna, B. Larget, L. Liu, M. A. Suchard,
and J. P. Huelsenbeck. 2012. MrBayes 3.2: Efficient
Bayesian phylogenetic inference and model choice
across a large model space. Syst. Biol. 61:539-542.
doi:10.1093/sysbio/sys029

Rosado, A. W. C., A. R. Machado, F. D. C. O. Freire, and
O. L. Pereira. 2016. Phylogeny, identification, and
pathogenicity of Lasiodiplodia associated with post-
harvest stem-end rot of coconut in Brazil. Plant Dis.
100:561-568. doi:10.1094/PDIS-03-15-0242-RE

Slippers, B. and M. J. Wingfield. 2007. Botryosphaeria-
ceae as endophytes and latent pathogens of woody
plants: Diversity, ecology and impact. Fungal Biol.
Rev. 21:90-106. doi:10.1016/j.fbr.2007.06.002

Trakunyingcharoen, T., R. Cheewangkoon, and C. To-
Anun. 2015. Phylogenetic study of the Botryosphae-
riaceae species associated with avocado and para
rubber in Thailand. Chiang Mai J. Sci. 42:104-116.

Twizeyimana, M., H. Forster, V. McDonald, D. H. Wang,
J. E. Adaskaveg, and A. Eskalen. 2013. Identification
and pathogenicity of fungal pathogens associated
with stem-end rot of avocado in California. Plant Dis.
97:1580-1584. doi:10.1094/PDIS-03-13-0230-RE

Vaidya, G., D. J. Lohman, and R. Meier. 2011. Sequence-
Matrix: Concatenation software for the fast assembly
of multi-gene datasets with character set and codon
information. Cladistics 27:171-180. doi:10.1111/
j.1096-0031.2010.00329.x

Valencia, A. L., P. M. Gil, B. A. Latorre, and I. M. Ro-
sales. 2019. Characterization and pathogenicity of
Botryosphaeriaceae species obtained from avocado
trees with branch canker and dieback and from avo-
cado fruit with stem end rot in Chile. Plant Dis.



96 H SRS

103:996-1005. doi:10.1094/PDIS-07-18-1131-RE

White, T. J., T. Bruns, S. Lee, and J. Taylor. 1990. Amplifi-
cation and direct sequencing of fungal ribosomal RNA
genes for phylogenetics. p.315-322. in: PCR Protocols:
A Guide to Methods and Applications. (Innis, M. A.,
D. H. Gelfand, J. J. Sninsky, and T. J. White, eds.) Aca-

B70% H2i

demic Press. Cambridge, MA. 482 pp.

Zea-Bonilla, T., M. A. Gonzalez-Sanchez, P. M.
Martin-Sanchez, and R. M. Pérez-Jiménez. 2007.
Avocado dieback caused by Neofusicoccum parvum
in the Andalucia region, Spain. Plant Dis. 91:1052.
doi:10.1094/PDIS-91-8-1052B



Avocado Branch Canker in Taiwan 97

Lasiodiplodia theobromae J Lasiodiplodia pseudotheobromae
fEEE, [ RS REEA

1

L

B R

8%

P

P R

¢

HE
PRV~ SRIAEZE ~ 2L~ (RETY » 2021 © Lasiodiplodia theobromae J: Lasiodiplodia

pseudotheobromae 15 755 [ 2 FERUR FOEEH - AEBREZENTSE 70(2):81-97 -

BRALA AR R B S B AL R E B R YR » £ B 4 H 5 ENE B A (Botryosphaeriaceae) 2 &
AREIR s RBTREZFEANECE ETERARZIE > RBERAESHTVE - AR AEGH EHL T E
B AL LK 5 0 R AR AR AL R AT R R T o R R3] 13 B bk 0 B MR AE R RS N Ak =
(internal transcribed spacer; ITS) Fn 7% 4 & [H - 1-a (translation elongation factor 1-a gene; TEF-1a) X A 74748
o o B RERT L R34 B 5L Lasiodiplodia theobromae 2, Lasiodiplodia pseudotheobromae ° vk M #k 2 1
R ARBEYEH30C ) HEE AR RTY BmRMW » TAAEEARIRE R G G R 5 ik B M 3R 44K
B AREEFCERZERB R - KT REE BN G H B ARG/ AR R EZRE > #F
RERBTEHEZHRABBERER S BB RZE RV R G R ERBRATE « KFRM
TR KRR ETERRAER G R ZAITRE  ARELAABL R ETERREHFRELERLF A -

RAESA © B - RURIEEW ~ Lasiodiplodia theobromae ~ Lasiodiplodia pseudotheobromae ~ 7% °

EREHEA - 202042 11 5 19 H 5 # 2 HHH - 20204 12 H 28 H -
" EEES © hfni@dns.caes.gov.tw
'L gREAETEREERRSFTEYRE AR R - 208 EET -
‘REZEERBEERERR SRS ABHEIES - 878 BET -
BB ERBIT R RRERRSEYRERBITIRER AT A8 BET -



B ELZERTSE (. Taiwan Agric. Res.) 70(2):98-107 (2021) TR
DOI:10.6156/ITAR.202106_70(2).0002

AR ST 4 B A S A R R
2R

TR
e
R - 2021 - +FICRHHR E B 5 A UL B R R Y IR IR -

SEIFSE 70(2):98-107 o

SR+ FIARERNZRBEREZ R ERORE RN e B AL EIRE - FIRIEK
HARSEACEE o IR #4309 5 55 ALm 35 (Beet western yellows virus; BWYV) ~ F6Hk 3 % 895 3 (Cauliflower mosaic
virus; CaMV) ~ # A% & & (Cucumber mosaic virus; CMV) ~ 3 &) #k 8% # (Radish mosaic virus; RaMV) ~ 3
Tk 8w 3 (Turnip mosaic virus; TUMV) & 3 #5529% 3 (Turnip ring spot virus; TuURSV) 6 F255% 5 e 7 #5 e M 4
B Fik 4 % J% 5 #7 7% (indirect enzyme-linked immunosorbent assay; indirect ELISA) 3 & 71 7] 5 54 fff 5 3246 79 +
FRAREGARRERY  REREFESEERFLEY  FEARGER - A ¥ BEMLEIAA TuMV &
FR 0 BWYV R 5 HAREEHABWYV E TuMV E % o A L 6 48 o7k & M3 ELISA & #7 ik 474
MG ¥ FERGE - FBE - w¥ - ¥ T8 emE s FE BEHR 27 &40 M+ FH
REATHE R RRB BARF o AATHEAE T K34 TuMV Bs kit ERER R - Eab e
(Lipaphis erysimi Kaltenbach) 9% 3 R » 1 AHE RIEN ok 09 1R 354504 - & REH 0 A 1 BHH TuMV #F 8k
TAEBEER G 10 d BT B RRAL 0 FIRFEAE S B0 TuMV ¥ 1% R 7T i 100% 5 WF S IE 508 5 &
FAERE 5 25°ChF 0 1R FE BT 100% 5 ¥F S0 AR M % 10 min » 235 R TE 100% ; 29 SAEFE TR
135 2 60 min > 1% 3 F 7T 100% © AATHEAEF K348 BWYV o #em Ak VE &t 20 0k 0 5 5184
F AT 3% 100% 5 & 4F S F 8L % 200 RIBALB L & 25ChF » M FHFTiE 100% ; HF ST FHALK 1 h Bp
T 0 FIRBERGE 48 h o AR HF T 100% o A G E AR R T @ b 8 A F R AL BER B8 Koy By
AR 3 24.7% R & FEB AR (61.75 mg ai L) > 16% TR T REMFE (40.00 mg ai. L)
25% ik g R EMER (50.00 mg ai. L)~ 20% 4 dy K E M ER] (10.00 mg ai L)~ 1% % kT 5LH (6.67
mg a.i. L)~ 20% 35 &3EREMESH (33.33 mg ai. L)~ 18.2% s KA (22.75 mg ai. L) » 50% 3&7Fk
EPERA] (500.00 mg ad. L) % - "R 48 h 15 > SFSBTie BT 87% A L o DAEERIEGHAF R s
B RAE HARF B 5 6 2R 0 A 35% & BT IR 4RI EE S0% & 99% AR i AR EE 300% 89 %F s R AE -

RASEER ¢ T ORISR - FEERAUN T - SRR L W E A -

ﬁﬁ? rusticana ~ IZXEIY1L%E Wasabia japonica) ~

HEMEY) (ZE& BVHSE Brassica napus) ik

TG () 97 (family Cruciferae o ggigs sty (Wi TR AR RLETF Arabidopsis
Brassicaceae) fEHE % » M A - FREd thaliana) % - +FERMEYILLE EE (Genus
FOMANEZ AR L& - RINIEYIE AR Brassica) iz BACHEEDN: » AHELSERIESE (Brassica
FEY) ~ BRMEY) - BRI AYERIR Aremoracia rapa subsp. pekinensis) ~ FEEEKH 3 (Brassica

i HE 2020 12 54 H B2 HB 20211 H27H -
TEEUER ¢ tsly@fthes-tari.gov.tw
EZgRERETEI LSS EESRR S FTEY RS A EEE - 28
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rapa subsp. chinensis) ~ 7% (Brassica juncea)
KUATF (Brassica juncea var. megarrhiza) ~ Vg
32 (Brassica juncea var. tumida) ~ SV (Brassi-
ca oleracea var. alboglaba) ~ {6 3 (Brassica
oleracea var. botrytis) ~ HE: (Brassica oleracea
var. capitata) ~ BREEHEE (Brassica oleracea var.

caulorapa) ~EA{E3E (Brassica oleracea vat. italica) ~

#t7 (Brassica rapa subsp. rapa) > DL} S E] B
Z£%8] (Raphanus sativus) (Anjum et al. 2012) »
1% 2019 FF 5 8 B EL ST F A& R (https:/
agrstat.coa.gov.tw/sdweb/public/book/Book.
aspx) L - BEMIE S FEAER O EHEHE
HFE4Y 5,466 ha » F7FE &4 106,296 Mt » H
DA B E AR ~ JLEAIBKE T R Y S
M By AT & - Al S 2 B EEA
55.9~23.7 } 5.6% o &SEKE R R FIEEEEH
fE4Y 1,808 ha » FEEFE4Y 73,219 Mt » H [
R E MRS - BALRR - JLEAY E R
B T By E RIS & > oyl S B ES E
B 48.2~21.8 4.0 F2 3.3% - HELE(EREE
HFELY 8,392 ha » FFEELJ 427,738 Mt » Hih
AR PR E ARG - BT R AL H E R R &
TR - Rl R B AR 22.5 - 16.8
e 152% o

B RIS SCRRGCE, - B EFEAERHME
Y2 e LA 26 FE (Lister 1958; Brunt et al.
1996) » H A E 73R 5 GG CE R EF K&
VEHE 4 (Duffus 1960; Gladders 1987; Hill et al.
1989; Stobbs & Shattuck 1989) - & & il & 2]
T FIERMEY) 2 9% 3 9% b 9 i ¢ B 4R 11 Kou
(1961) HNZEE i SURK A Z Rt - RE 2
SRR EC 8 FIA EH R S0 3 Cucumber mosaic
virus (CMV) (Chen 1975) ~ #5552 40K 55 Turnip
mosaic virus (TuMV) (Lin & Lian 1983) ~ fLfHF
SEtR&URE Cauliflower mosaic virus (CaMV)
(Chen et al. 2000) ~ #5274 5 21 LK 5 Beet west-
ern yellows virus (BWYV) (Chen 2003) ~ &)
TR&UR 3 Radish mosaic virus (RaMV) (Wang
et al. 2014) K #EF &K Turnip ring spot
virus (TuRSV) (Chen et al. 2011) - fR{EH 53
# > BEEE FEHEA TuMV ~ CMV » RaMV
FE3f HPLTuMV BERLE HiA
AEOBEZEM (Green & Deng 1985)  XIR#E

ek L1 99

Chen et al. (2000) HHFE IR DL EEGTRG BE 22 50 0%
43H77% (double antibody sandwich enzyme-linked
immunosorbent assay; DAS-ELISA) fg ] » #]
i TuMV ~ BWYV ~ CaMV % 3 f& > HF5
SR Z A E R R EEE ~ TR
H38E  BrEEE 60% DL E - NGB
HHFIERHEYI R B 2 IR 2 m#FEE - M
AHEREREEBRERIGEBCHELWE  1F
VimEE i S RLEE . KRR EEE
A B0 &+ AR SR R & 2 2 A —
& S E SR R T B A R TT
R Z Bt » DME R b B e R TR EE
BN 5% -

MR ESE

HERERERE

FECEMIME (G & FR)
+FIERI BRI M - SR 5 AL
FHEYIH - 5 & 2 EEERL 100 #R+F1ER
gk LESEZFEEFEYZ S E8RE - &1k
FEERFMBZRIIEERRE R EESR - 2
HIER R ETE - N4EEKE 2 (B. rapa subsp.
chinensis) ~ 45EKH3E (B. rapa subsp. pekinen-
sis) ~ FF3EHE (Brassica juncea var. strumsta ~
Brassica juncea var. oblanceolata) ~ H B (B.
oleracea var. capitata) ~ DI HEE (Brassica
oleracea var. acephala) ~ {EH[3% (B. oleracea
var. botrytis) ~ H AL ¥ (B. oleracea var. itali-

ca) > LA ZEEBIEZEE] (R. sativus) °
R R SRR
ETRIHEE R EHER > EHER
P PR 6-10 {5 Ll 3590 F ik on > T HUHT 38
12 BREG » DI RERERER 4% (indirect
enzyme-linked immunosorbent assay; indirect
ELISA) J 6 FEFHHLMLE (BWYV ~ CaMV »
CMV ~ RaMV ~ TuMV ~ TuRSV) ZFHE X
a2 FH AR R 2 H AR S BERIE P - 6 TR
FHUMB AR - TuMV ¥ 5 5 1 Al K 2208
REREERZEL > CMV GET4IEFEER
EAVE AR R&ER > CaMV > BWYV
RaMV ~ TuRSV % 4 flifpi 55 2 fiAG 2P E H



100 G

ELH#E £ 5 Agdia® (Elkhart, IN, USA) » [fijIE
ANREHETARKEEAEEM -

M RERE 2 A R o M0 FEEIEE R B
0.3 g DL 3 mL 22 15 mM B 4 %8 & (so-
dium carbonate buffer, pH 9.6) Bty 4] 1% 5%
B BRI A ELISA [ZER AN » & E i
2EE BN 3TCERMHEIT 4 h INERE K E
(coating reaction) ; &L 1x PBST 45 &% (137
mM NaCl + 1.5 mM KH,PO, + I mM Na,HPO,
+0.05% Tween 20, pH 7.4) 7% 3 X 5 IIAGH
BERNMEREBEN3TCERMEKIIE2 h; D 1x
PBST &k 5t 3 A% » N ALL 1x PBST 4% i
P R Y 2 BT i M B B B 22 2 LSRR R
#% (Alkaline Phsphatase-conjugated AffiniPure
Goat anti-Rabbit immunoglobin, Jackson, West
Grove, PA, USA) BN 37TCERMKIE2 h; DL
1x PBST & /& % 3 ik » el ARE
By 1 mg mL™ 7 fif 1 0 s B 25 K BT (p-ni-
trophenyl phosphate, Sigma, Saint Louis, MS,
USA) #:17 2 @ JE © K 30-60 min - DL ELISA
F3E % (Emax™ Microplate Reader, Molecular
Devices, Sunnyvale, CA, USA) FHI OD 45, 2
WS - R R R R S R AR - B
EEANERER 2 2x &> RBIERE -
tmhlETHEER

W EE T & A AERHER 3 45FK 3 (B. rapa
subsp. pekinensis) ~ NEEEKHZZ (B. rapa subsp.
chinensis) ~ H B (B. oleracea var. capitata) ~
JHZE (Brassica rapa) ~ 73 (B. juncea) ~ J7EE
(B. oleracea var. alboglaba) ~ {Eff3% (B. oler-

acea var. botrytis) ~ H {63 (B. oleracea var.

italica) ~ 2£78] (R. sativus) 3£ 27 & 40 {L5%
T o EALTE T EE AR 1,000 fufEF (& 10
i Ry — (A dm ) > DA B2 6 72 I 0% #E 1T A
Tt ESMETF 2 HFHER -
HHEZWEFERS (TuMV ~ BWYV)
RN B2 ERRC ReY

I 3 B R T TR I T R ZE%E (Che-
nopodium quinoa) HEITIHHE 7 HE » BEHUE —IF
PEMETT 3 REPEAAL - Frig B emE ML LA
K SALES TR ERT - LRI BERR 5

rere

]

70 % 52 1

PR R BEER (BIE R EEERA3E) » +F1E
BIEESEE ONB3E -~ EEHEEE) B
(ERE(EYIEEE 20 £F) - b 9% FH i - B4/ B
0F &5 [{AS20F (turnip aphid) » 2% 1 L. erysimi
Kaltenbach] FYE#EFF M (EH G - BEENF
M~ WEaE) - R 21 d BIEERREER
B RS PUE BT E RN - HE R EE
TR (LUMDE M 6145 ELISA fgnfll 2 S0 BEfE g
BR) o fEE I &N B W EEERA > EBENR R
R E M P& 24 h glEREH -

0% e B L ROR Z BRI R SR
T plf% 2 TuMV ~ BWYV ik FIEEHE
24h % B— K HEEO-1-2-5-10
F 20 55T 8 0 4848 h % DULE /KB E LG
MhrEads  BEBSRERARNEREEE
o AN[E|JEF (acquisition) BJFFE (inoculation)
HEREEEFETCRZ MGHEE - KiEET S
FA 15202530 & 35CARELEE T TuMV
HBWYViEBEHREFENE 242 HEE
Z00 (257C) 2 BEEHUE (R - 48 h 1R fEFREAS |
BT I & 2R HUE TuMV B BWYV i 5
MiEHF 24 h 1% > #&2 1520~ 25~ 30 K 35C
NEDRE T EUE @Rk 48 h 28 FRaakE - RE&E
BB E R EHES -

EHNERNEEEFESCRE ZIGHEE - 17
TuMV #E & U a R & 7y B i3 15321 o
Al TuMV sk FEERE 0125
10 ~ 30 k& 60 min » F£5% 2 {EHKHIUE 48 h 2%
Fraafs  REBZERERARNEREEE
- BWYV EF NS - BEERE
TFoy Rl BWYV sk EEFEHNE 0 0.5
161224 48 h> B E2EMFEE 48 h
"M brane - REBRKRERTNERHH

HE B R EEBERCR Z kiR E o £
TuMV $2 f B & 5 T 80 70 R J 35 00 S 0
TuMV gtk FEHHE 60 min » FF% 2 (@
SrRREREEE 0~ 1~2~5+~10 30 & 60 min
‘B rahe - REBRKRERTENERHH
BHBE £ BWYV HEHN AR - FiEE
{REF s BWYV stk FEHEHE 24 h 5
B @R B ER & 005161224



F. 48 h 1% 15 R aa ke
T B aaba R G

JH BB 35% fit BT RAETE (soap tree con-
centrate) Kz H%H 99% WEY)H (mineral oil) %5
IR ENAHE Y REE M BTN 221 R
BEAG o R DA R E R Y 6 S0 S5
H/INESEEEEE B (BN RBET) 73Rl 2
4~ 824} 48 h kst EIF & BER » W LAIE
KR SEE E e - 4R 4 EE -

{BERZERI MBS B a5 DA SR aE - &
W BT FAEREE 2 T & S A HE RS AR T s SE 7
24.7% R =R #E /KGR B [Thiamethoxam
+ Lambdacyhalothrin suspension concentrates
(SC); 61.75 mg ai. L] ~ 16% A J& T 7K 7 M kir
% [Clothianidin soluble granules (SG); 40.00
mg a.i. L] ~ 25% Fiizz KAk (Thiamethox-
am SG; 50.00 mg a.i. L) ~ 20% 25 Fa /K M
(Dinotefuran SG; 10.00 mg a.i. L) ~ 1% ZH0T
BZR| [Milbemectin emulsifiable concentrate (EC);
6.67 mg a.i. L] ~20% gl /KA TR 7 [Ace-
tamiprid soluble powder (SP); 22.75 mg a.i. L] ~
18.2% 25 % it /K & 7 (Imidacloprid SC; 22.75
mg a.i. L) ~ 50% iﬁﬂ‘ﬂ&@‘@f’\’”“l (Cartap SP;
500.00 mg a.i. L") » 3 {77 5 i FH 125 b F

 REB RN EERICE

1. 20184 1 A% 2019 4 12 HEgElE 5 fERH e E —

Table 1.

’E‘}E

& (R 101

DInE s HEERE A B 50-70 & (AR NA
FEREE o Sy RIFY 24824 F 48 h 1&5T
B R BIER WA KBS IE - 35 EE
R -

LS

AEOEMERZSRETTERIERE
MBI TR S E AR

FIF BWYV ~ CaMV ~ CMV ~ RaMV ~ TuMV -
TuRSV 6 f&3 5 15 Bl & il #2 ELISA \7Fﬁ/£
Lﬁ%ﬁﬁiﬁzlﬁ%% S T E A ERHEE
ERETR - BE—wEELER U TuMVFSZ r*
T s i B (7 60%) * BWYV 202 (0-10%) °
TR EE S AL TuMV Bl BWYV & F
(0-23%) (& 1) » " 5 M R S R AR 7 By 28
& - **ﬁiEEaEﬂiiE H s EE DL TuMV
MHFERE > BWYV 2 BEE&RAER LU
BWYV i TuMV [EER

AT HER

LLBWYV » CMV - CaMV » RaMV » TMV
K TuMV 6 185 5 U5 AC & A% ELISA 73474 -
AT i M - 38 & 455K 0 5% B. rapa subsp.
Pekinensis ("FKF5, ~ TR, ~ T&RFE, - TR

TR R GRS -

Incidence of single or mixed virus infection of field grown cruciferous vegetables detected by indirect en-

zyme-linked immunosorbent assay (indirect ELISA) in southern Taiwan from January 2018 to December 2019.

Virus infection (%)

Single virus infection”

Mixed virus infection”

Cutivar/species s?rzi)(l)gs TuMV BWYV CMV CaMV RaMV TuRSV Tu+B Tu+C Tu+Ra
Brassica rapa subsp. chinensis 164 45 10 0 0 0 0 23 0 0
Brassica rapa subsp. pekinensis 136 55 0 0 2 0 0 0 0 0
Brassica juncea var. strumsta 56 25 5 0 0 0 0 6 0 0
Brassica juncea var. oblanceolata 154 16 0 0 0 0 0 0 0 0
Brassica oleracea var. capitata 98 25 8 0 0 0 0 9 0 0
Brassica oleracea var. acephala 85 19 3 0 0 0 0 0 0 0
Brassica oleracea var. botrytis 20 10 0 0 0 0 0 0 0 0
Brassica oleracea var. italica 30 7 0 0 0 0 0 0 0 0
Raphanus sativus 320 43 0 0 0 5 0 0 0 0

“ TuMV: Turnip mosaic virus; BWYV: Beet western yellows virus; CMV: Cucumber mosaic virus; CaMV: Cauliflower mosaic virus;

RaMV: Radish mosaic virus; TaORSV: Turnip ring spot virus.

’Tu+ B: TuMV + BWYV; Tu + C: TuMV + CMV; Tu + Ra: TuMV + RaMV.
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7 1 9k)) ~ REEEREZE B. rapa subsp. chinen-
sis (=258, - TR, ~ Td4F, ~ T68%F) -
HEE B. oleracea var. capitata ("EFk, ~ 5
e, ~ Taiss, - THE)) MW B rapa (5
- FE "By B "FTRE, ) ~ TR B
Juncea ("FHFL, ~ "Gy~ IFEE B. oleracea
var. alboglaba ("227%, ~ T#{L,) ~ fEMFE B.
oleracea var. botrytis ("EHF£40 , ~TEZE | ~TE|
E)) ~FAE¥E B. oleracea var. italica ("755E,
"GRET3 ) ~EEE R. sativus (TBARL ~ THIR))
27 ST 40 LR AE B o KDL b HlU ks A
S R 70 A B AR A Y A 6 fER E -

HHBEZWIERSE (TuMV ~ BWYV) £
W R (RRE) BRIk R

DU A TuMV (R R e R #E
10 d 1& - HeIRTERYEE I ZE BB m] L3R BE 1 4L
P BRI 50% Bl 5 SR HEIT S
R T 100% (R 2) - IF &2 1€ 30 L 5B
TR By 25°CHY > R ATEE 100% (F3) °
WF 23 48 25 SCE TR A R RF 6] % 1 min > BT A (5%
P EUEREEHRE A 10 min > F3HR
FEE 100% - 35 0F 22 A R ] By 60 min >
HERE]ZE 100% (£ 4) -

PL1 &4 A BYWV {f 30 Bl o] {55 >
EEHERATE 100% (R 2) © &1 8500
JE R 20°CEGHE MR & /s 25°CHy > R ] &

%2 FEEZFSEETEE TUMV « BWMVY
Table 2. Transmission efficiency of TuMV and

BWYYV by different numbers of Lipaphis erysimi
Kaltenbach”.

Virus transmission efficiency” (%)

Number of aphid TuMV BWYV
0 0 (0/10) 0 (0/10)
1 50 (5/10) 40 (4/10)
2 80 (8/10) 70 (7/10)
5 100 (10/10) 100 (10/10)

10 100 (10/10) 100 (10/10)

20 100 (10/10) 100 (10/10)

“ Aphid transmission was conducted with 24 h acquisition ac-
cess time followed by 48 h inoculation access time.

Y TuMV: Turnip mosaic virus; BWYV: Beet western yellows
virus; percentage of virus transmission: (number of plants
infected/total number of plant inoculated) x 100%.

100% (% 3) - WF s HU B HEME Mg 1 hEIT &S -
5 HUEFFE 2 48 h > HEREE 100% (£ 4) -
iR E (X)) BaERiMA

LAFEREEED A E M (35% fift B R4 f
99% TRV ) EEEE RN G BRI A NE 3
BEEE L Rl 2-4~8-24 48 hiRETH
R ESER - slBads R Ry © 35% M TR
R 50x ZWF & EIEAR 77l B 19.0 ~ 30.0
33.5~50.5 F2 59.5%  35% it B B4 I T
100x 2 WF &S EIER » 43Rl By 17.0 ~26.0 ~28.0 ~
48.0 K2 56.0% ; 99% WEYHMFE 300x 2 i &
£ SE R > 43 Bl B 30.5~35.5-41.0~55.0 &
77.0% 5 99% BEYIHHREE 500x Z W& EEE
1A R 25.0 ~31.5 ~36.0 ~47.0 52 70.5% (F35) °
AP IEEMIE R % 48 h B AL /A5
o DL 99% BB #5 R 300x K2 35% it fE
YRR RE S50x B E -

I ) (R S B/ N B S BE B v T |
8 TE I AL ST © 24.7% BHUL BB K G
SN (61.75 mg ad. L) ~ 16% A J& T 7K % 1 kit
Pl (40.00 mg a.i. L) ~ 25% 8 22 7K 72 1 KL 7l
(50.00 mg a.i. L) ~20% 45 KA R (10.00
mg a.i. L) ~ 1% 255 TA R (6.67 mg a.i. L)
20% i KR R B (33.33 mg ad. L)
18.2% 25 M /K G (22.75 mg a.i. L) ~ 50%
BEFEAKAE MR (500.00 mg a.i. L) » 53522
4-~8-24 48 h ket B @ EER - plipdd
SRINBERIERE 48 h 1% > WHEBSERITE 87%
PALE (R 6)-

aEm

BB & H 1961 BRI 7E T+ FERHE
VIR BERES T 60 4 » ERHEELES
ZIiEHBETEA TuMV ~ CMV ~ RaMV 2 3 i -
Hrp o DL TuMV 84 R iy 52 96% » CMV k&
RaMV #/b » {&1* 8% (Kou 1961; Yang 1971) »
BT HA Y FH R R 2 3 TR F FAE R W B &
FAFE > S TuMV - BWYV |2
WiRE » REET R EE S E 52-87 %
BURIL R B UAE F ERFEZ B S (Chen et
al. 2000) - {E & 2 2018-2019 38 & fi5 5 &%
N+ FIERFE R ERE Y » HERE
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3. AEPEFSEFERE T IR R ERE TuMV ~ BWMV 2R 7 2% -

Table 3. Transmission efficiency of TuMV and BWY'V by Lipaphis erysimi Kaltenbach after treated at various ac-
quisition or inoculation access temperatures.

Virus transmission efficiency” (%)

TuMV BWYV
Temperature ('C) Acquisition” Inoculation™ Acquisition Inoculation
15 40 (4/10) 60 (6/10) 90 (9/10) 60 (6/10)
20 80 (8/10) 90 (9/10) 100 (10/10) 90 (9/10)
25 100 (10/10) 100 (10/10) 100 (10/10) 100 (10/10)
30 80 (8/10) 60 (6/10) 40 (4/10) 60 (6/10)
35 20 (2/10) 10 (1/10) 20 (2/10) 10 (1/10)

“ TuMV: Turnip mosaic virus; BWYV: Beet western yellows virus; percentage of virus transmission: (number of plants infected/total
number of plant inoculated) x 100%.

¥ Turnip aphid acquired virus at different temperatures for 24 h and then inoculated virus at 25°C for 48 h.

* Turnip aphid acquired virus at 25°C for 24 h and then inoculated virus at different temperature for 48 h.

K4, A ETEH SRR T R EAE TuMV ~ BWMV 8RR Z 2% -

Table 4. Transmission efficiency of TuMV and BWYV by Lipaphis erysimi Kaltenbach after various acquisition or
inoculation access time.

Virus transmission efficiency” (%)

TuMV BWYV

Time Acquisition” Inoculation® Acquisition Inoculation
0 0(0/10) 0(0/10) 0(0/10) 0 (0/10)
1 min 30 (3/10) 10 (1/10) - -

2 min 70 (7/10) 10 (1/10) - -

5 min 80 (8/10) 20 (2/10) - -

10 min 100 (10/10) 60 (6/10) - -

30 min 100 (10/10) 80 (8/10) 0(0/10) 0(0/10)
1h 100 (10/10) 100 (10/10) 20 (2/10) 20 (2/10)
6h - - 20 (2/10) 30 (3/10)
12h - - 40 (4/10) 60 (6/10)
24h - - 70 (7/10) 60 (6/10)
48 h - - 100 (10/10) 80 (8/10)

“ Percentage of virus transmission: (number of plants infected/total number of plant inoculated) x100%.
¥ Acquisition access time intervals followed by 48 h inoculation access time.
* Inoculation access time intervals after 24 h acquisition access time.

#5. FRIRREEEE B BB -

Table 5. Mortality of turnip aphids by using common non-chemical materials.

Mortality (%)
Control material Dilution (x) 2h 4h 8h 24 h 48 h
35% Soap tree concentrate 50 19.0+2.2 300+ 1.4 33.5+2.2 50.5+1.7 59.5+1.7
35% Soap tree concentrate 100 17.0+2.2 260+ 1.4 28.0+14 48.0+14 56.0+1.4
99% Mineral oil 300 30.5+£1.7 355+1.7 41.0+2.2 55.0+£2.2 77.0+£2.2
99% Mineral oil 500 250422 31.5+£29 36.0+£2.8 47.0+2.2 70.5+2.9
CK (H,0) 40+14 55+0.8 55+0.8 55+£0.8 55+0.8

“ Percentage of mortality: (number of dead turnip apdids/total number of inoculated turnip aphids) x 100%.
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Table 6. Mortality of turnip aphids by using 8 common aphidicides.
Mortality” (%)
Control insecticide” Dilution (x) 2h 4h 8h 24 h 48 h
24.7% Thiamethoxam + Lambdacyhalothrin SC 4,000 84.1+£3.6 90.8+1.5 96.1+1.8 100.0+£0.5 100.0+0.0
16% Clothianidin SG 4,000 634+53 683+28 8l14+62 91.1+£3.6 97.5+05
25% Thiamethoxam SG 5,000 66.3+62 747+£55 91.6+43 968+1.6 985+1.2
20% Dinotefuran SG 2,000 53.8+45 619+41 714+39 819+39 876+1.7
1% Milbemectin EC 1,500 67.6+35 772+29 88.1+1.8 945+£08 974+05
20% Acetamiprid SP 6,000 79.2+23 863+28 945+27 972+2.1 100.0+1.0
18.2% Imidacloprid SC 8,000 754+1.6 87715 938«+1.1 965+13 983+0.8
50% Cartap SP 1,000 755+1.8 858+1.0 97.0+1.5 983+0.6 99.1+0.2
CK (H,0) 13201  13+01 26+03 64+02 147+1.0

“ Percentage of mortality: (number of dead turnip apdids/total number of inoculated turnip aphids) x 100%.
¥ SC: suspension concentrates; SG: soluble granules; EC: emulsifiable concentrate; SP: soluble powder.

AR K HEBM TuMV B — E 2
i (7-55%) > HEx 5L BWYV B TuMV
BEERLEES (0-23%) - B RS BREBETR
FEHIEEE - 273 TuMV & BWYV [ &
H o CaMV BN 2 TR S » &A
DIRIE BB AR Y33 » B2 Chen et al. (2000)
dRaE IR o BRI O] B8 B H = 4 O3 A R A R
V8 R S (B turnip ~ &5EK 3 chi-
nese cabbage) | - H H % 4 5 [E (K H R
(Farzadfar et al. 2004) - {E{FERRIFZRHE
#y CaMV & 4 IR 2% - HE#EEEY
Ry v O E AR 2 453K 3 3% (B. rapa subsp.
pekinensis) > 455LEL 7 FHIE

IR - B RARHEDEEE L
S 5 FENF R 0 ARIF (Aphis gossypii Glover) ~
FERTARNY (Hysteroneura setariae Thomas)
BSEWF (L. erysimi Kaltenbach) ~ #kIF (Myzus
persicae) ~ HEELWF (Urolecon formosanus
Takahashi) | » fRIB{EE 2015-2019 =7
M B A - A E R R S Ry R DL
B EERET - SRR E R BT E B
BWYV J TuMV 2 5% % Z 5 HEHEHE &
L BRI I s E R E i 2 EHET R - HES
REUR DU &% TuMV s a @ s/ g
¥ EHZEE > 10 d BN ISR [ERE R
i 5 & TuMV Ff & » E 3R A0 100% - 17

Ea BB M [ B OR E fy 25°CHY - FHERE
2 100% o MBS R - 25C R {1 EHL
TuMV ¢ BEfE I Y B 00 [ -

PUN T 1d 7 BT BWYV 7 B 35
RR T H EHE AR > D1 &7 H BYWV
0 ez Bl ] E R HE > S EEHE R AIA 2
100% - & 1F &2 E HRS Fy 20 CEE TR S B
25°CHf » HEHBEAE 100% - PFaz B w5
fEPR 1 h BIPE s - S HUERFRETE 48 h DL E
HERFE ] 100% - BWYV 17 S E 5 & 2]
ER%  ERE S #ER bt 52 25C
] 100% - {HH 2 30CRIBHE T FF o 45558
T RSEITREEL BWYV R #5181 B o 8 R S
B 20-25C

Gray et al. (1991) S5 A [FiF & fEH 2
accessory salivary gland Biip 557 B 5 Ay FR F0
TIFEF S > Hoh DIRKIT R (B TR FE AR
By m 2 100% o SO EH BWY'V (7 &5 (3 4% 5 5
ERGH - e ERE T ZE BWYV HREE
Y - WF & Luterovirus ¥ 5 BF LATEER 0
(circulative) FEMFE A (non-propagative) 772
AT F EH B OV (Sylvester 1980; Barker
& Smith 1999; Hooks & Fereres 2006) °

P SLI BHY -T EfERHER 3 H miy iRy Ja 5
P o] (A - FH e B SRR FUI R P R A (R A
B TR MRS R E R R s A



ZrE o URERER A e T o AR
F B B EE M T L 8 FE A S I+ F1E
FHE P8 PR 22 58 BN 24.7% FHO&
SEREFE KGR (61.75 mgai. L) ~ 16% T[JE
TOKEVERIE (40.00 mg ai. L) ~ 25% FEH%
KB VR (50.00 mg ad. L) ~ 20% 2455 F
FKSTERLE (10.00 mg a.i. L) ~ 1% #5077
il (6.67 mg a.i. L) ~ 20% 5o g /KA 7l
(33.33 mg a.i. L") ~18.2% 75 2 fi /K B (22.75
mg a.i. L) ~ 50% £% £} /K 7 M ¥ 7 (500.00
mg a.i. L) FAIEE 48 h 1% (B E0F A%
AT 87% LA b o DB BRI KO 5 IR R EE T
SETEYIORE B M RGBSR I I a R
DL 35% i 2B TR 4E R MR RE 50x K2 99% B
MiRE 300x HYEF 22706 R - JERENIEER
MR RR A B A B R
FanREERGIER —EREELLT - EERREE
B P EHLRRE - RERE A E KRR
KM - EENE B EE TR EEEE 12
R s EURRAREE AR P/ NVEL B s - MR IR TR 2
EAERHRECGEM Fi SRR EER > 1]
ARFEESHEE P REE B EREHERE
FER - Nt > BRENERTIHTEN b 22
B EZ BN AR RO H R - i
SIRRUCHAR 28 - DU 44 FHEENTEH
g AEHRRESFEN -

5| FA SRR
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Occurrence and Aphid Transmission of Important
Virus Diseases in Cruciferous Vegetables

Li-Yu Tsao""

Abstract

Tsao, L. Y. 2021. Occurrence and aphid transmission of important virus diseases in
cruciferous vegetables. J. Taiwan Agric. Res. 70(2):98-107.

Symptoms of suspected virus infection in cruciferous vegetable fields mainly include symptoms
of leaf mosaic, mottle, yellows, vein necrosis, vein enation, and stunting. This study used virus sera
of Beet western yellows virus (BWYV), Cauliflower mosaic virus (CaMV), Cucumber mosaic virus
(CMV), Radish mosaic virus (RaMV), Turnip mosaic virus (TaMV), Turnip ring spot virus (TuRSV)
with indirect enzyme-linked immunosorbent assay (indirect ELISA) to investigate the infection ra-
tio of different viruses in the simple facilities. Among them, the detection rate of 6 viruses was the
highest with TuMV, followed by BWY'V. The most effective mixed-virus infections were BWYV and
TuMV. The above 6 sera and indirect ELISA analysis were also used to detect seed grinding liquids
of a total of 27 varieties and 40 lots of cruciferous vegetables, including heading Chinese cabbage,
non-heading Chinese cabbage, cabbage, rape, mustard, Chinese kale, caulifiower, broccoli and radish.
Results showed that no virus was detected. The leaf mustard or leaf radish inoculated with the TuMV
single-spot isolated strain or BWY'V by artificial inoculation method was used as a source of virus for
the turnip aphid (Lipaphis erysimi Kaltenbach) to study the transmission characteristics. Symptoms
appeared after 10 d of inoculation when a radish leaf was inoculated one turnip aphid with TuMV. The
TuMV transmission efficiency can reach to 100% when 5 aphids were inoculated at the same time.
When the acquisition and inoculation temperature of turnip aphid was at 25°C, the virus transmission
efficiency can reach 100%. The transmission efficiency can reach 100% when the acquisition access
time for aphids was 10 min. The virus transmission efficiency reached 100% when the aphid inocu-
lation access time was 60 min. By inoculating BWYV isolates with artificial inoculation as a source
of virus for turnip aphid, the efficiency of virus transmission can reach 100% when 5 aphids with
BYWYV were used to spread the virus. As the acquisition temperature of turnip aphid was set at 20°C,
the virus transmission efficiency can reach 100%. When the inoculation temperature was 25°C, the virus
transmission efficiency can reach 100%. The transmission efficiency can reach 100% when the acqui-
sition access time was more than 48 h. Using pakchoi leaves to test 8 commonly insecticides found
in the market, the aphids control rate can reach 87% or more after spraying 24.7% Thiamethoxam
+ Lambda-cyhalothrin suspension concentrates (SC), 16% Clothianidin soluble granules (SG), 25%
Thiamethoxam SG, 20% Dinotefuran SG, 1% Milbemectin emulsifiable concentrate (EC), 20% Ac-
etamiprid soluble powder (SP), 18.2% Imidacloprid SC, and 50% Cartap SP for 48 h, respectively.
Non-pesticide control plant protection materials such as detergents and oils were used to evaluate the
control effect on aphids, it showed that the better aphid control rate was found by spraying with 50
of 35% soap tree concentrate and 300% of 99% mineral oil.

Key words: Cruciferous vegetable, Turnip mosaic virus, Beet western yellow virus, Aphid transmis-
sion.
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fH LI EATHINE (Vernicia montana Loureiro)
{ENEE ELEENS (Mallada basalis Walker) Efil
LSEWS (Mallada desjardinsi Navas) {75 2 552

= FR

e

M ~ FFAERE 0 2021 o BEEHUEASHNE (Vernicia montana Loureiro) {54 ¥ B & 1%
(Mallada basalis Walker) 12232 B0 (Mallada desjardinsi Navas) {755 2 228 o SIS EZENT

2 70(2):108-116 «

AL ZRIA KM IR H KL (Mallada basalis Walker) 242 -F 3 ¥ (Mallada desjardinsi Navas)
HEDEZFRER - AP A BREAR RIS R PR SEORREGQREEARN BERZHNFER
B ARG 5h R A R SR e e P R R A TR A A R o BRR R AR AE Sh E AR TR AR A e g P S

ar

B RS R F G MR IR I e P 4 S F ROk E P o IRRIE SN B MR Atk
B g T g S H 2 MR RN A EF ER - BHRARERET REKGRIESET
B R e PR A AR A GENN AR B EN AR o RibRE BN EL LR
- FEARE A M iE 09 RN B 0 RABIE A R RCE R AT At w M SRR AR AL Ak

BREEER © ACHI - TEONE - AL -

Zf
[l

fEANEERR (extrafloral nectaries) = 1E YL
TEINT IAESNEE (extrafloral nectar) B RS
HAEICAZ /DA 93 F} 332 @ AVE YA
ShEERR (Jones et al. 2017) - FEAMNERRRER
RALE YRR ERE 2 B HE W HPr
T b Z AEAMERE R 5 | K AT 2 HYL B (] B B
PP A EE L (Bentley 1977;
Heil 2015) -

REAYIIE (conservation biological control)
RS2 — T 477 H R R MUG R s F 2R Y)
Brisa iy 77 =X > A FH e 4B FE 41 25 B A P 12 it
KT & e Rl Ry Kt —7fE J57% (Simpson et
al. 2011a, 2011b) - BFEERFEINE T E R Iy
FoRENE ~ BEIVE S RS B - /D B A

ZPELS ~ tREEYIVIE -

% (Heil et al. 2000) » Fij AWFFE H HUEACHPE
ATLER RS ~ WS T/ e aHAs
$E 1 7 2F LI B R R I 0T A e K M R
EEf (Irvin & Hoddle 2015) »

Rezende et al. (2014) FAYE (Coffea spp.)
& o A A fE SN RRAEY) Inga subnuda subsp.
luschnathiana 588 AT 3G 0K #ECE G (R gk
VEEEMR (Leucoptera coffeella Guer) Jz 4k 5
/& (Hypothenemus hampei Ferrai) %2 FH K
HFEBE - Brown et al. (2010) £385% (Malus
spp.) [&l [l fE fE AN & BRAE V)RR S (Prunus spp.)
FEARFLEE /1785 (Quadraspidiotus pernicio-
sus Comstock) K& (stink bugs, Pentatomi-
dae) fEFE - [L4) > Xiu et al. (2017) WFEfE 12
BEE A5 (Harmonia axyridis Takizawa) fG
SNERRTEY) KWt (Hibiscus cannabinus Lin-

R EB 22020 £ 10 529 H 5 #EZHE 2021 1 H 28 H -
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'BREEREABTEASVEDETLE - 88 A -
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naeus) & fEANEMNIER - EN T EH
R EsE At K R AR B NS an » 10 72 HH FET K i
T ] 3 A T R R [ 0 e R B B R
Z9H 0 RRA K EN RO &L KR
o batBZEEUR - fEAMERSAE YR 4E R
KGR b b 58 = 2 AR VI A HY B

FHBEYS (Mallada basalis Walker) B2
SEEWS (Mallada desjardinsi Navas) & & iRk
1 H (Neuroptera) FEI5F} (Chrysopidae) &
PEREL > Fie a e e - fdd - &1 - B0
Ky friitas EREEE & (Hsu & Lu 2020) » A&
BERYBREGENERTREE @A
= HEEEYDEE SR - & —EEEAIH
BYERE (Lu & Su 2005) » [f] 2 F 5% TR
JEF A7 /63 K&k (Paurocephala psylloptera
Crawford) (Chang 2000) » N & EE
B 2 E A E M KE (Lu & Wang 2006;
Hsu & Lu 2020) -

ARG (Vernicia montana Loureiro) &%
EMEER > AR ESR - G412 A 2FE
3 HBEERMEDR > 3 AR TABEZER
MR TR MR M B EE - fEZMEMESEIE - fEIHH4
BS5H - RKMEER LB BR3-5H > BF
RIEWR - THim A AR BR BRI TESMERE (So
2004; Lin 2015) « Fif A\WFFRE R AMEE#A
FE R Apriona germari (Hope) ~ 32 Rt R &R
7k & Icerya aegyptiaca (Douglas) ~ K #E (& i
Clania pryeri (Leech) ~ &kl Parasa bicolor
(Walker) I Efds 31 Euproctis bipunctapex
(Hampson) (Wang et al. 2013) - {FFHZEHEY)
EITREEVPENR  BEERGEEEY
R EaEY AR - il REaGEEE
AT 2 B R Z EVITA R (Baggen et al.
1999) « AW 52 BIE 7 7 AME £ R 45 4=
T WAREH FESA N EA M E
B - 2% » BN e S & B fE P B AL 5
0% fe P B 2 MBI s R - At > &
B I 2 R B A i fE 4 S AR
0% Jo 2P B0G B  K 4 2 5 B o R EH R TR I
FEREA A AA A S ESNE R E Y 8 R 5
SORBEEMINIE - LIRS ZE 8 EYPIaRIR
Z AT -

MEEGE
A5 B B (8 B JE f7 £+ (Potgrond H, Klas-

mann-Deilmann GmbH, Geeste, Germany) ~ /K
SHAE - FEAE MR (B 13 em x 5 12.5 cm) »
e NEEZERB R (B 9 em x 5 6 cm) ~ &
BB R (A 6 cm x 5 1 cm) ~ HHEE
& (10 uL) ~ FEHREE v J1fE (EAL 1S cm x
520 cm) KEII4AL (/= 50 cm x E 15 cm) 35
EERKECEAE (BB EHN) -

A BB P AV B B e (Mallada basa-
lis Walker) ~ Z2F 5% (Mallada desjardinsi
Navas) ~ Bicés Ak}~ 4 & (8 BEaaDR 5 AH A &l
BEM > HWRETHREEREZEGRERBT
(AT B REEAT) g YA m et s » &
S8 5 R OIS 7745278 Lu & Wang (2006)
B e

H3 2 ARSHiffE (Vernicia montana Loureiro)
HER A RRTEE A & ZAHEERET -
HMrEERN SRR L2 BBET  FAMEE
AR EER CIVER BRI ACHPERT » 28
HUE & 15-16 J7 T] 73 A FE 52 #Y AR i #fe] 1 1k
30-50 ¥ - DB HEMEGHRERKRER &
BRPTEE 4 2 AEAMVE - HEMRUNEERIE S mT it g H
BT R ACIME -

= Nt 2 ksl N T MR AERE 287 Dong
& Hwang (2017) 7% > fEEHARBEE A
25C + 1CE AR ZE > I 12h (EF6h &
N6 h) o AHERE 75% + 5% © RF/NEIE
HAERERSR 2 R EER (49 14-16 d) fiie4E
R -

AR RS & e 7 O B R 2 B B A
BB N LT o HEfT 4 R - Hdr o K
SRR P B AH Ry o7 AR 1-3 MR BB RIS B2 B
ieahas (Vi1 HiiR) 1 B ANE 0.2 mL K
HMETESNE (RO e 1 diE)
ZEREBEERENY - & H RS AMNEIMNE
fLEREI > W s s E 25k
U - KEHAERETFE - HEHEEEE®
e ESEEK - 22 5 R AH B A R HE /K R AT AT
'Y U REEDR A R e E 0% 4 2 (U B BE A
b o Aalhn 30 B -

A A ES g e A E I R R B BN &
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R E T > FRHETT 4 TR o Hop o A
fil e B AH Rk 1 90 PME (DR 1 HilR) 22
R B P Rl i E s AN & 0.5 mL ATH
ffeshE CeriBlZ A BEER es | HER
ldW &) REWREHBET HEE > S0
ERTEAMNE R EE IR - N0 2250 Bk A 5 B
FEUNBE Z R EIE T - KB HR 5T E
£ EERODEREREK Z20REERA
TR BB &) - pea et Ry f ik IR &
I pleaz ARt oK o AatER 30 HAE -

HUBACHEES N B A R e Bl 2 P E e
dEfHarE IF BB 2 % Hsu & Lu (2020)
T3 MR 2 i e B = R AR AR AR fESh E
(253 BIHUE 7 ~ 14 2021 d) BUEH =N E 51
BRI 1 2 503 fio AR IS B PRI
Eas 1 & TRHIEEEASH 30 & 218 (D
By 1 HER) Ml /e IR | o Rl 4 22
BA® 7R 30min~1h~2h-~4h-~8h
k24 hi% > BRI EER LRI 2
HUefmiticE - AR 30 = -

ol B T 15 25 TR (40 88 5 ol 82 17 5 R ]

LRI B RIFEIE) > JtlL SAS-EG (Version
7.1) Gt ATEES - HEFTEE T 04T (analysis of
variance; ANOVA) 1% » B DU/ N 72 B2 14 A
B (least significant difference test; LSD test)
TR R -

HUB A fE /M EE AR RS 1-3 R4
HZRUK R 22 H iR H A 4 et RSN - (2
JEEE AV A B R e T A &) 57 B A iR
AN EE (R 1) - PR 1-3 k4
g B A EINE - B BOK R 22 H iR P 4E
e AE R E I [ B A A i 2 ARt
ghak e B B AT — R HAEEIE (R 2) - B
BACHHfEINE R B E I R s - B BOK R ZE
H e B 4H 5% sl e RS I R - (EEEER
ol e HU B AR AEAD 2 - F 0 e [ B D A
e B R R T A HAmAE DY (3R 3) - BB ACHETE
SN RS R - N UK R 22 H R PR
ELOS i I R A EIGRE  ZPE S i as LB R
e 6 &/ Vi R P B /D 7 ol e B o i P 4
HAEED (& 4) -

CHE A FCNE 7 ~ 14 F2 21 d B

1. FEEENS Mallada basalis Walker) 4z BUE A (Vernicia montana Lour) {69 NE ST EHFE] -
Table 1. Mean survival time of Mallada basalis Walker larvae fed with Vernicia montana Lour extrafloral nectar”.
Mean survival time (d) (+ SE)

Treatment First instar Second instar Third instar

Blank 1.4(0.1)c 240.1)c 23(0.1)c

Water 13(0.1)¢ 23(0.1)¢ 24(0.1)¢
Microcapsule diets 3.2(0.1)b 3.0(0.1)b 4.0(03)b"
Extrafloral nectar 28.6(1.8)a 29.0(0.2) a 36.2(1.8) a

“For each column, means followed by the same letter are not significantly different at P < 0.05 (Fisher’s protected least significant

difference test).
" Already developed to next stage or pupation.

2.

EVENS (Mallada desjardinsi Navas) 4fjg VB AN (Vernicia montana Lour) {E4NESEHAE BRI -

Table 2. Mean survival time of Mallada desjardinsi Navas larvae fed with Vernicia montana Lour extrafloral nectar”.

Mean survival time (d) (+ SE)

Treatment First instar Second instar Third instar
Blank 1.5(0.1)c 2.6(0.1)c 3.7(03)c
Water 1.4 (0.1)c 2.8(0.2)¢c 3.5(03)c
Microcapsule diets 6.8(0.2)b 7.7(02)b 8.1(0.1)b
Extrafloral nectar 27.1(0.8) a 29.1(2.7)a 34.0(1.8)a

“For each column, means followed by the same letter are not significantly different at P < 0.05 (Fisher’s protected least significant

difference test).
" Already developed to next stage or pupation.
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3. HEEIS (Mallada basalis Walker) & HUEASHIT (Vernicia montana Lour) {E4NESEIIZ GG ] R EE DN &
Table 3. Mean survival time and egg production of Mallada basalis Walker adult fed with Vernicia montana Lour

extrafloral nectar”.

Mean survival time (d) (+ SE)

Mean cumulative amount of

Treatment Female Male eggs production (+ SE)
Blank 1.3(0.1)d 1.3(0.1)d 0.0 (0.0)b
Water 2.7(0.1)¢c 2.7(0.2)¢c 0.0 (0.0)b
Extrafloral nectar 27.9(23)b 26.7(2.2)b 0.0 (0.0)b
Normal adult diets 364(2.2)a 352(22)a 415.8(194) a

“For each column, means followed by the same letter are not significantly different at P < 0.05 (Fisher’s protected least significant

difference test).

F 4. TVEWS (Mallada desjardinsi Navas) s HUEASHE (Vernicia montana Lour) {EANEN-EIF G R K

REOTR -

Table 4. Mean survival time and egg production of Mallada desjardinsi Navas adult fed with Vernicia montana

Lour extrafloral nectar”.

Mean survival time (d) (= SE)

Mean cumulative amount of

Treatment Female Male eggs production (+ SE)
Blank 1.4 (0.1)d 1.1(0.1)d 0.0 (0.0)b
Water 2.6(0.1)¢c 24(02)¢ 0.0 (0.0) b
Extrafloral nectar 263(2.5b 27.6(2.1)b 0.0 (0.0)b
Normal adult diet 37.8(1.8)a 35.7(2.0)a 273.3(18.6) a

“For each column, means followed by the same letter are not significantly different at P < 0.05 (Fisher’s protected least significant

difference test).

B 13 B4 > 7 30min~1h-2h-4h-~8h &
24 h N - REHHE 2 BRI R ECE BEEUE Y
PRI B 13 B B 2
(£S5 - CHIBEARHMEICIIE T~ 14 21 d
PN 1-3 fie4hsd > 730 mins Th-2h»
4h~8hk24h N BitHlia 2 teMpEFAVEL
EHIaMB R EHE AL PR -3 i)
ExfEEIE A5 (R 6) -
R

Limburg & Rosenheim (2001) W72 HE &
VIR B Y s 2 8 SRBETREE T
IKEEHRAHENS (Chrysoperla plorabunda Fitch)
4EPHEEE 1.9 d £ 0.1 d» FNEMIEICINE
PRI 4H HISE 39 {F7E 12.9 d + 2.0 d - Pfannen-
stiel & Patt (2012) Hff 5T H5 Hi 2 £ 2 Bl o 2
¥k (Cheiracanthium inclusum Hentz) 7K » H3F
PSR Ry 6.1 d o (HE SR EEARFEACIMEERS
HARE KRB 52.6 d - Affged » HEEE

B2 S B o) s BB AR SMNE > TR K
BAZE (A R BAH B T R AT VE G o MEEES
¢ i B2 S BS 1ok k EUB ACHAR B SN » INE
ERRE T - HEEEEOKEL 22 O bR PR AH 508 i
FEIERFERE - EEE DB IEF K
AR R - DA REE > MIEER
AR T » BB ACHAESMEHERE I R AR
i B3 27 S FALS 4 e B e 7 R ] o
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# 5. BUBASHHE (Vernicia montana Lour) fEANE K (RS IRl 2 FE#50S (Mallada basalis Walker) 4553 2

AR (Aphis gossypii Glover) I EtAET] °

Table 5. Predation capacity of Mallada basalis Walker larvae fed on Vernicia montana Lour extrafloral nectar and
microcapsule diets on second-stage Aphis gossypii Glover nymphs’.

Cumulative number of aphis nymphs consumed by M. basalis (+ SE)

Lacewing larval instar/

Days after feeding on extrafloral nectar

treatment Microcapsule diets 14 21

1¥/30 min 0.5(0.1)a 0.7 (0.1)a 0.6 (0.1)a 0.6 (0.1)a
1%/1h 0.6(0.1)a 0.7(0.1)a 0.7(0.1)a 0.8(0.1)a
1¥/2h 09(0.1)a 0.9 (0.1)a 09(0.1)a 1.1(0.2)a
1¥/4h 2.9(0.2)a 29(0.2)a 3.1(02)a 32(0.2)a
1%/8 h 6.6(0.3)a 6.6(0.4)a 6.7(0.2)a 6.8(0.2)a
1¥/24 h 15.7(0.3)a 155(04)a 15.7(0.3)a 16.1(0.3)a
2"/30 min 0.6(0.1)a 0.6 (0.1)a 0.6 (0.1)a 0.6(0.1)a
2"/1h 1.2(0.1)a 1.2(0.1)a 1.1(0.1)a 1.1(0.1)a
2"/2h 1.8(0.2)a 1.6 (0.1)a 1.7(0.2)a 1.8(0.2)a
2"/4 h 5.0(0.3)a 55(03)a 52(03)a 51(02)a
2"/8 h 9.1(0.3)a 9.5(0.3)a 9.7(0.2)a 9.5(0.3)a
2"/24 h 232(0.8)a 23.8(0.7)a 24.1(0.7)a 245(0.7)a
3"/30 min 0.6 (0.1)a 0.6 (0.1)a 0.6 (0.1)a 0.7(0.1)a
31h 1.4(0.1)a 1.4(0.1)a 1.3(0.1)a 1.3(0.1)a
3“/2h 1.7(0.1)a 1.7(0.1)a 1.7(0.2)a 1.7(0.1)a
3% 4h 5.6(03)a 6.0(0.2)a 6.0(0.2)a 54(0.2)a
38 h 10.9 (0.4) a 11.1(0.4)a 11.3(0.4)a 11.3(0.4)a
3924 h 25.7(0.5)a 26.0 (0.4)a 25.7(0.6) a 26.6(0.4)a

“ For each row, means followed by the same letter are not significantly different at P < 0.05 (Fisher’s protected least significant dif-

ference test).
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6. HUERNME (Vernicia montana Lour) §
) 2 BEARIF (Aphis gossypii Glover) &g EERETT

CYNE B BB BE i) 2 22 50% (Mallada desjardinsi Navas) 453

Table 6. Predation capacity of Mallada desjardinsi Navas larvae fed on Vernicia montana Lour extrafloral nectar
and microcapsule diets on second-stage Aphis gossypii Glover nymphs”.

Cumulative number of aphis nymphs consumed by M. desjardinsi (+ SE)

Lacewing larval instar/

Days after feeding on extrafloral nectar

treatment Microcapsule diets 14 21

1¥/30 min 0.6 (0.1)a 0.8(0.1)a 0.7 (0.1)a 0.7(0.1)a
1%/1h 1.1(03)a 1.2(0.3)a 1.2(03)a 1.3(03)a
1¥/2h 1.4(03)a 1.4(03)a 1.4(03)a 1.6(0.3)a
1¥/4h 38(04)a 3.7(04)a 39(04)a 40(04)a
1%/8 h 7.5(04)a 7.5(0.5)a 7.5(0.4)a 7.6(04)a
1¥/24 h 16.9 (0.5) a 16.6 (0.6) a 16.9 (0.5)a 17.1(0.5)a
2"/30 min 09(0.2)a 0.9(0.2)a 0.9(0.2)a 09(0.2)a
2"/1h 1.5(0.2)a 1.5(0.2)a 1.4(0.2)a 1.4(0.2)a
2"/2h 25(04)a 23(04)a 24(04)a 25(04)a
2"/4 h 54(03)a 6.0(0.3)a 57(03)a 55(0.3)a
2"/8 h 10.0 (0.5)a 10.5(0.4)a 10.4 (0.4) a 104 (0.4) a
2"/24 h 242(0.7)a 24.6 (0.7)a 24.8 (0.6) a 252(0.6)a
3"/30 min 09(0.2)a 0.9(0.2)a 1.0(0.2)a 1.0(0.2)a
31h 2.1(04)a 2.1(04)a 2.0(04)a 2.0(04)a
3“/2h 2.8(0.6)a 2.8(0.6)a 2.8(0.6)a 2.8(0.6)a
3% 4h 7.0(0.7)a 7.2 (0.6)a 7.3(0.6)a 6.7(0.7)a
38 h 12.6 (0.9) a 12.8(0.9)a 13.1(0.9)a 13.1(0.9)a
3924 h 26.3(0.5)a 26.4(0.4)a 26.1(0.5)a 272(04)a

“ For each row, means followed by the same letter are not significantly different at P < 0.05 (Fisher’s protected least significant dif-

ference test).
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Effect of Feeding with Extrafloral Nectar Secretion by
Wood Oil Tree (Vernicia montana Lour) on Survival
of Lacewings, Mallada basalis Walker and Mallada
desjardinsi Navas

Yaw-Jen Dong' and Pei-Chen Hsu""

Abstract

Dong, Y. J. and P. C. Hsu. 2021. Effect of feeding with extrafloral nectar secretion by wood
oil tree (Vernicia montana Lour) on survival of lacewings, Mallada basalis Walker and
Mallada desjardinsi Navas. J. Taiwan Agric. Res. 70(2):108—116.

This study investigated the effects of feeding with wood oil tree (Vernicia montana Lour) ex-
trafloral nectar on survival of two lacewings, Mallada basalis Walker and Mallada desjardinsi Navas.
Significant higher survival time of M. basalis and M. desjardinsi larvae as well as adults were found
on the extrafloral nectar treatment than that on the water and blank treatments. Feeding with wood
oil tree extrafloral nectar prolonged substantial longevity of M. basalis and M. desjardinsi larvae and
adults. However, consumption of wood oil tree extrafloral nectar did not support the larval develop-
ment and adult oviposition of both lacewings. Predation capacity on the second-stage of cotton aphid
nymphs was not different between extrafloral nectar and microcapsule diet treatments. These results
revealed that the extrafloral nectar of wood oil tree could effectively increase larval and adult survival
time of M. basalis and M. desjardinsi, but did not affect larval predation capacity. The wood oil tree
may thus be potential as a supplementary tool for conservation biological control program using M.
basalis and M. desjardinsi. However, field tests are necessary to confirm the efficiency of this treat-
ment before further applications.

Key words: Vernicia montana, Extrafloral nectar, Mallada basalis, Mallada desjardinsi, Conserva-
tion biological control.
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L PTE ) RERESAEARERE BA ZREEEAT - BrE A ER R 2 A o e R e AR TP
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(MS) JREEREERS - RN (A) 0~ (B) 1 mg L' FHELARIZIS (benzyl-aminopurine; BA) £5# 2 wk » (C) 0.5 ~ (D)
2mg L' BA 523 4 wk » DUz (E) 0.5 ~ (F) 1 mg L' BA 5% 6 wk o YS : &0 - GS : &2 « PL : ¥ [=EH
Z¥ o Bars=1cm °

Fig. 1. Shoot-bud clusters and plantlets of in vitro Zingiber officinale ‘Chu’ derived from media with various ben-
zylamino-purine (BA) concentrations and culture durations. /n vitro thizomes (about 5 mm in diameter) were cultured

in a MS liquid medium supplemented with 0.1 mg L™ NAA and in combined with (A) 0, (B) 1.0 mg L™ BA for 2 wk;
(C) 0.5, (D) 2.0 mg L' BA for 4 wk and (E) 0.5, (F) 1.0 mg L BA for 6 wk of culture. YS: yellow shoot-bud; GS:

green shoot-bud; and PL: plantlet with unfolded leave. Bars = 1 cm.

B BRREEEELIVEBA REHE
tHIEEIREEE R =8

b AR [E]R R RS B B 1 B BA RS 2 41
GHBA G S ERIE HISER - B
A& 100 mL [& #&5E & A 2 500-mL [ (L
o IEEAE REAH 05mg L BABI0.1 mg L™
NAA 7 MS [EfEREA (A HEREER)
K8 wk gk > A HHEEBME T -
KGRk 3 EE > SEE (f) #E3
&R HE RS -

B S TR T DA

KW 5E £% H 52 4 & 5% 51 (completely
randomized design; CRD) 1T E5 - B Py
BEBETRER A& H T E AR ET
73K > 48 SAS Enterprise Guide 7.1 E #5455
Sy RS HETT 82 J7 77 i (analysis of variance;
ANOVA) - 57 i 72 AT (P < 0.05) » I
PUEg /N 7= BV B (least significant dif-
ference test; LSD test) FRER & LI E 2
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] T M PR S 1.0 mg LT BAB0.1

N mg L' NAA 2 MS FEISE BB » 5578 8 wk
| R = AR S T TG EE Bo48n , - e
REESHERERIBERERIFE BEEAE | HE2. EEE F R

REERLG 2 486 mm 2 BEHRE, Bl prSsFedr 6.2-6.7 2 f » 3 R & BRI

F1. TRERE B TR REERHEAS N ER R -
Table 1. Effect of rhizome diameter on proliferation rate and growth of in vitro Zingiber officinale ‘Guang Dong’
and ‘Chu’ plantlets”.

Rhizome diameter Total plantlets/explant Plantlet height Fresh weight/plantlet

Cultivar (mm) (number) (cm) (2)
‘Guang Dong’ 2 62+03a 2.6+02b 3.1+£02b

4 6.6+0.1a 3.0+0.2ab 49+03a

6 6.7+0.0a 35+0.1a 53+0.1a
‘Chw’ 2 49+02b 25+0.1b 25+02b

4 68+03a 32+02a 44+02a

6 69+0.1a 3.1+03ab 46+05a

“ In vitro rhizome explants (about 2, 4 or 6 mm in diameter) were cultured on Murashige & Skoog (MS) medium containing 1.0
mg L' benzyl-aminopurine (BA) and 0.1 mg L™ a-naphthalene acetic acid (NAA) for 8 wk of culture. Each treatment had 3 repli-
cations, and 3 explants were used in each replication. Plantlets higher than 1 cm were recorded.

¥ Means in the same column in each cultivar followed by different letters are significantly different at the 5% level by least signifi-
cant difference (LSD) test.

2. FIRAEERERER BTG 2B E AR REY - FIREERYR (A1 Bl) 2 mm ~ (A2
B2) 4 mm J% (A3~ B3) 6 mm 2 (A1-A3) "EEHE | B (B1-B3) "17HE  MREHHAR - B5ERNEH 1.0 mg L
ZEFFFLRRIZINS (benzyl-aminopurine; BA) 1 0.1 mg L' Z5Z. /% (a-naphthalene acetic acid; NAA) 22 Murashige &
Skoog (MS) [EIRERFE AL » 558 8 wk & Z AHIF I IEBLAE RIBY - Bar=2cm ©

Fig. 2. Proliferation and growth of in vitro Zingiber officinale plantlets were obtained by using rhizome in different
diameters. In vitro plantlets of (A1-A3) Z. officinale ‘Guang Dong’ and (B1-B3) ‘Chu’ derived from rhizomes with
about (A1, B1) 2, (A2, B2) 4, and (A3, B3) 6 mm in diameter were cultured on a MS medium supplemented 1.0 mg L™
BA and 0.1 mg L' NAA for 8 wk of culture. Bar =2 cm.
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MEEZR - 5l 6 mm AREFTEFRE > 3.5
cm B BESHN 2 mm KSR H
Bl 4 mm REEFTG PRI MAHE 2R - fFEDL
4 mm B 6 mm ARSI Hl K5 4.9 gBl53 g
BEE o BHE ST 2 mm IREFTS RS - TE

PAL4 mm Bi 6 mm 2 fR% A 1547 6.8-6.9 % >

BEEN 2 mm REREFE - 504 mm
REEFT S EERE > 3.2 cm 5 > BE S 2 mm
REEFTF2FES - (HEL 6 mm fR S (G 2F AE i
EAER o fFEINDL 4 mm B 6 mm R EFTGEF
BEIT ARy 4.4 g Bl 4.6 g #0EH » BHZE SN 2 mm
RSP 48 -

R~ BRI EEIEESIVE BA R
BY ERE) HiEmEERERIE

Fa—

TERE, BN ANE BARE ZIRE
B AR E N FE R 2 805 7 i (ANO-
VA) &EREUR  HEESFHINS - RGN
EHIFHEEZE (P <0.001) 22 1 BARE
H 52 28 e S W TR - P 19 5 T 00 e Al A B
R RIS 3 PR 2 b 5 EH
JEFBETE  BAREEHNEE (YS) IE
REFIFEEEZRE > WO (GS) HER
JEBZF (PL) LhRAAFEEZE (P <0.05) -
AR EIG B BA RS REGUEH E H =
A ZF BA&R O oF bR B EWMREE (P < 0.01)
2=H o B EFILRANE 2R EE ST ESUE
(P<0.05) (¥%2)-

EERE, SEEE SRR E
B AE RO RARES R 2~ 4 KL 6 wk B2
F—EHERE 5T AT 1547 3.8-4.6 2F ~5.0-53 5 )
5.7-6.1 ZF o JgfERsE 2 wk 7% > L2 mg L' BA
fr B SR E S N IR H8 0.5 5
1.0 mg L' BA R [ I fEBE & 722 2 - iR
RRETEE 4 wk B4 6 wk {2 » FiTH BA pRIEH
HIER S REE ER - HFRE R
= EREEEANEERR 2 JOI - EF
MERRERZ (B 1) FriStbREAEmEL &
BEESREEE 2 wkit > FTIEFRE2ER
OIS R 4 wk BRBESRSET  ME
F ESERIEE S EE 6 wk A &K » It
IR 7 B F A LR EE & BA R
4 > ffi BA FEHE4H T #Y 0.5 mg L' BA jRH

ZEA20mg L BAEH > (H81 1.0 mg L
BA FRi R R E 2 (R 2) -

TRFES A B AR B B I [ B BA RS R
Fifsr TEHRE, FHE > HEEERERE
e ERr gD K8 wkir BB Y ERNE?2
BUR o BHUEFFEIN S > RAERTENE M BA B
EHERIEEEEXE > HSEMATRZR
B et B EE LR RS RS AR
TR EHEFILRYEHIFEEECE M
BA JBFE $ 4k (o S BEE R R 2 LL R A S
ERE SHNET 25 BUE B4k (o Bl EE
FIERFILREEHBEEEZR (F2) - WAER
& 2-wk R AT {548 S B R 4-wk B 6-wk
FEEE R RERSE 4-wk 2 BA R AL AT S 405
£ 20.0-20.5 5 > BAE R BIIEAE - HAgn
A 10.0-11.7% E4EE  MmikEE 6-wk 2
BA JE F4H 48 oF SR B = A B IR A - Hdr DL
2.0 mg L' BA EHHE 24.6 5 i > (HE S
96 13.1% sk aif (£ 2) -

R~ EREMPE B EEIEE DTV BA B
B ME BigmREmRER o=

T, FEME S AN [ BA BT IR RERS
BEY BEAEEMEBZETANERE
o BEEFHEINE o RERERMEAIEE
ERE > T BA BERIREEZE > H2HN
R 2 A R e S B e B - IR AR R
M1E 3 AR RE LR > WERIFEEEY
2 BA RSB 0 B4R (B S DL R SR B
WE HHERBHFILRABEABREE R
2 RRERTEIG R BA RS 2 TR EL =
BFILE L EREEER  HHNGEFILE
R RRTE > A EER B LLRRIZ
JEH BERAE (£ 3) -

W, BEE RS TS AR SR BRI R RE RS
BHREREIE RGN > AR E 2~ 4 ) 6 wk 1&
ZE—IEEE S R P54 4.0-4.3 5F - 5.3-5.9
R 5.4-7.0 5 o fEEERIE 2 wk 814 wk 1% o
BA i H 4[] B Y} BR 4] > P00 S B o L 0
i 6wk 1% > H2.0 mg L' BA JRHAHE S
40.5 mg L' BA R FE4H B g4l - (HEL 1.0
mg L' BA JRHI4H > M0 M 22 1 oS4 RS
HAERRIME » fE58 2 wk RETA 881
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FyE M MR EE 4 wk 1% > BA REHLY
H1.4-12.7% s OF PR - EEFEE 6 wk 1% »
A 2 S B4 By 5.9% 0 BEE KN BA &
HigH - AE BA R EIAHM I EHE AR > 4
ZF45 23.7-28.7% » BA R4 B IR 2 [
I fEE = 5 IR R 70.4% BER
JEBHZF » B S BA B (R 3) -

FEE FH R (B e R B R B2 BA JR S R
Fifsz WM&, SFEEf > EEEERERER
BEAk K8 wk B ER ZGRANFT I ER -
HWHRZFHNS - REEERHEE BA REHE
PR A B 2 R {H W PR R Al A SRR
JE - KRR RN R S P B EE | AR o bR
R E  BA BEHGOFHER 2
FFLERERIFEEERE - 2P TR
LIRAE - Hek O F IR BHFLLRME
VA E AR (R 3) o RS 2-wk B Y
HATFE > (rEIRAH S BA R AH 2 I S
FEH o JRAEREE 4-wk JEFE 2 2.0 mg L BA
R PTBHEFHEE SN HIRAEE0.5
mg L' BAEHH4 » HE1 1.0 mg L' BA &3
QH O i B AR R - ARIE R 6-wk R BA
PR HH4H - P15 48 5F 8049 10.3-10.7 2F » B
= IR 0 {H BA R M 4H > R G A A
Ho A RBEZER BRAZFLRECE
98.5-100% (= 3) °

HE:

Seran (2013) s¥am#Sfa i - EREEHE
BE AN AH SR B IF R TP BT AR AR B
PE S QNIRRT EE s BECF
REE R AEE - —mE - BEEE 29N
BERZEEBERRELNR 0.5 om » HIEEE
HAIZ91F 0.5-2.0 cm 2] ° Zuraida et al. (2016)
KA 0.5-1.0 cm ~ 2.0-4.0 cm & KX 4.0 cm 2
B ETOAEERER 458 0L2.0-4.0
em F A F RIS E R T SR R % - B
R R SR P R B A SRR A RN
BEEREHEHRNES  BENHETBIEEEAR
KEVIE FE B & - Dal Vesco et al. (2001) > &L
FU (Ananas comosus) W45 R > SEL

3—4 mm FrA R RN 1-2 mm B2 2-3

rere

]

70 % 52 1

mm RS - BHHREE 2 A R EF] < 281
H L (Hemerocallis spp.) (Chen et al. 2005) ~
G E (Phoenix dactylifera) (Mazri 2013) J 5f
#E %] (Cynara cardunculus) (El Boullani et al.
2017) WEFERIFEH - 4H&RIE S S ISEH9 A HE
SRR RN » 38 KRB/ NS HE A8 5 A R 2H
BH & o 2800 0 Chen et al. (2019) Ji* AL i
1t (Hippeastrum hybridum) W5e45 REIR - 1%
T RS 2R 2 95 B A /)N S 4 B o 0 T T R
2, HHFERC A REEECE WA
TE RS RE (FE I R N B B A BRI &< 2 4%
H o ARERER TERE | TE d
B I Y > MRS ERE 4 mm DL o
B 2 WL E RAF] (R 1) - phEE RN
Sathyagowri & Seran (2011) f£EAVHFZMTF
Bl RAVHT A RS RS E A (2.0 cm) > JEEEH
HEMRER RS RENEHRHFEHE
BZB&7 AR » HERERERSEEER (0.5
cm) A 4% SRR I 0 3 HLAC R B 2P S
Z TR K o AT A ST AR - EH
TN IREAE B BIEMEL » TRRERI R K &
BIE o LB AR BT A R B R S B
R (R 1) -
EELHE R REEHAR P EAT S E
ZAEYIR AR ESE R - B HEE— P DI eSS
EITRHEAE  BinREiEg A EAEL

S BT R AR A (B2 (Mehrotra ef al. 2007) -
Seran (2013) ik S5 » REEEERE
BB WIE A S5 A - Mbiyu et al. (2012)
NE 5% (Solanum tuberosum) B 545 5
BUn > REREMGHEREREEERR
ZHNEEEER » BURREBIEEHEEHE
IS » Bl m R 773X - Mehta et al.
(2014) FEERBEAR (MM106 81 BY) 4HE% 5%
GREUR > HERE (20 mL) BAGEER (30 d)
T BB A S [ RE I 2 &5 R 0 PRI Bg N4l
B2 PR R ik - R R
R HRBOERIN B EE AT I K 8 £ -

Hapsari et al. (2011) BFZE 45 28R > DL
a4 R BRI E& A (table sugar) 2
MS B R AR & 8 wk {8 » NMEMIFENE
Y& (Bogor area, Indonesia) 41 &40 E5 S
WAERFHBHEGEEER  FHGNFEEE
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2K o A1 » Swarnathilaka ef al. (2016) DLHTEH
M K& (Z officinale, Sri Lanka) #E{T i F R
¥ (microrhizone) AYRF 2245 H @ BEHE FE 4K 10
wk BRI B % - AR HE - AR
B R I B RO A R B RE RS
B MRS 2 BE S s A EIHEE
B oo HILEUR > REEBLIF2AEHNES
T E Y TG B4 B - Lincy & Sasikumar (2010)
DIFIEE (‘Jamaica’ 81 “Varada’) j* 3,000 lux
(69 pmol m™ s™) {4 T #E T4 8% i B 22 45
f5H £ 1.0 mg L' thidiazuron (TDZ) $5fi 0.5
mg L™ 5 1.0 mg L' indolebutyric acid (IBA)
WREREERE T - MR e R AR - 4l
HEFELAE  REREVEIRRER 455
ZHHERREER - R REREEE T 12d
% AlOE R EEFBERAD > B2E45d
B P R R RV s - BURFIAR -
FEWIPS g i - B AR B e Y TR S AR
RHVHAR © Chen et al. (2018) WFE4ERETR
EEHE, B E RENREEE S wkig
BT 2 kB F = O EIEENRAH 0.5
mg L' BA B10.1 mg L' NAA 2 MS [HRER &
Ferp > K8 wk BB AHER B ZIEFH -
AFFE R - [ AR R P B A R R S B A R
N RARE I L BA R REE, BT
B HAEANAESEABREEZE > MWHET
M EAEE HERE, pREETE > HIE
TME, RlEmEETE BURWEATEH TER
B EWE AREEEo el A8 (R
2~ %£3) . REHE, HHHLL 2.0 mg L' BA
R FRAH AR /R AR 6-wk 12 FH4K 8 wk [EREREEE
FRP o B E N IR B8R BA R4 0 A
45 72 DA Py B LA 3 48 7 (B I B ot
HEH O HI Rit 2.0 mg L' BA R EAFHEL
TR 1.78 = » BHER S Y 2-wk R 3 - {HEd 4-wk
PRIRGE AR - ITEE, AE b A R R R R
T » BA JRH 4 P {5 40 F B A B S A IR
4 > {H BA FRHAH 2 MW MmEE = 5 - 2800
EUEEEFEIELLE > A 2.0 mg L' BAE
MG HE LI R 0.76 ZF > i BH 3 & 1Y 2-wk
e B HANKR R EREE 4-wk BT 2 1.0
mg L' #12.0 mg L' BA EHI4H (22~ %3) -
PRIt - 5 DU 2P B R s T LR - RIS

& 4 wk (R RN ERERT & 8 wk o JEREL
HEN A -

ORISR Bk ERE B TE,
HEE NN ERER  REEREVRE4
mm Pl [ TR, RERE 2.0 mg L' BA
PRI TP EE ) fREEREE R 1.0 mg LT 5 2.0
mg L' R RARIRE RS EE 4 wk & > AT
EBHFHEREREEENEE05mg L' BA
B10.1 mg L' NAA 7 MS [EfERF &AL - L8
wk BB 1% > TSR R 2 A Y TE B A R
o RtaE Rt RN R B LR E
SEEM -

=1V
A AT BIE R g Rt B Fr L7 it
T LEEEE LR > R -

5| B SRk
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Effects of Rhizome Diameter and Two-Stage
Continuous Culture on Proliferation Rate and Growth
of In Vitro Zingiber officinale Plantlets

Uei-Chern Chen', Chin-Yi Tsao’, Tzu-Ying Wu’, and Chi-Ni Hsia*"

Abstract

Chen, U. C., C. Y. Tsao, T. Y. Wu, and C. N. Hsia. 2021. Effects of rhizome diameter and
two-stage continuous culture on proliferation rate and growth of in vitro Zingiber officinale
plantlets. J. Taiwan Agric. Res. 70(2):117-128.

The influence of rhizome diameter and liquid-solid two-stage continuous culture on prolifera-
tion rate and growth of in vitro Zingiber officinale ‘Guang Dong’ and ‘Chu’ plantlets were investigat-
ed in this study. The rhizomes of in vitro plantlets with about 2, 4 and 6 mm rhizome diameter were
cultured on a Murashige & Skoog (MS) solid medium supplemented with 1 mg L benzylaminopu-
rine (BA) and 0.1 mg L a-naphthalene acetic acid (NAA) for 8 wk of culture. There were 6.2-6.7
plantlets were induced from per explant of ‘Guang Dong’ rhizome, and no significant difference
among three size of rhizomes. There were 6.8—6.9 plantlets were obtained from per 4 mm and 6 mm
explants which were significantly higher than that of from 2 mm rhizome of ‘Chu’. Moreover, the
rhizome diameter larger than 4 mm was considered better explants for growth of the plant height and
fresh weight. In the two-stage continuous culture, in vitro thizomes with 5 mm diameter were first
culture in a liquid medium containing 0.5 mg L' BA and 0.1 mg L' NAA for 2, 4 or 6 wk of culture
before subculturing on a solid medium containing 0.5 mg L' BA and 0.1 mg L™ NAA for 8 wk of cul-
ture. The highest number of proliferated plantlets were obtained from the liquid medium containing 2.0
mg L BA or 0.5-2.0 mg L' BA for 6-wk treatment in ‘Guang Dong’ and ‘Chu’, respectively. In short
conclusion, the diameter of rhizome larger than 4 mm as explants would be beneficial on plantlet pro-
liferation and growth. In according to proliferation efficiency, explants first cultured in a liquid medi-
um containing with 2.0 mg L" BA in ‘Guang Dong’ and with 1.0-2.0 mg L" BA in ‘Chu’ for 4 wk of
culture before subculturing on the solid medium for 8 wk of culture had the highest plantlet yield on a
weekly basis of production.

Key word: Zingiber officinale, Micropropagation, In vitro thizome, Liquid culture, Two-stage continuous
culture.
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Table 1. Effect of an autoclave on the changes of pH

value in 5 growth media used for germination test of
Bletilla formosana (Hayata) Schltr. seeds.

pH
Medium No.” Non-autoclaved Autoclaved
1 4.92 436
2 5.90 6.03
3 7.42 7.21
4 7.21 7.23
5 6.96 6.86

“Media from 1 to 5 were sphagnum moss, peat moss, carbon-
ized rice husk, sand : loam : carbonized rice husk : perlite =
1:1:1:1(v/v), and sand : carbonized rice husk : perlite :
vermiculite=1:1:1: 1 (v/v), respectively.

EVENCEEIESN (R RIN e S e IREEVIN-LEE TN (ol 72

Table 2. Effects of seed maturity, growth media composition and sterilization of growth media on seed germination

of Bletilla formosana (Hayata) Schltr.”

Seed maturity (d)*
Media Autoclave 60 90 120 150 165
1 No - 43 > 30,.° 34, 23 A
1 Yes - 43 0 30,.° 34, 23 4
2 No 16,° 21,° 10" 19,°¢ 9.
2 Yes 16,° 21,° 10" 19,°¢ 9.
3 No - 28,° 37,° 34.° 16,
3 Yes - 43 ,° 37,€ 34.° 16,
4 No - 21,° 16,° 26,° 9.
4 Yes - 35.° 16,° 26,°¢ 9.%
5 No - 21,°¢ 16,° 19,°¢ 9.4
5 Yes - 28,° 16,"° 19,°¢ 9.4

“Each treatment had 4 replications and each replication contained 300 seeds in a petri dish. Germination day was recorded while

more than 50 seeds germinated in a petri dish.
¥ Seed maturity was days after pollinating.
* - no seed germination.

“Means in the same column with different subscript letters or A, B, C, D in the same row with different capital letters are signifi-
cantly different at P < 0.05 by least significant difference (LSD) test.
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Table 3. Effects of seed maturity and growth media composition on asymbiotic seed germination and survival rates
of Bletilla formosana (Hayata) Schitr.

Germination rate (%)” Survival rate (%)
Media® Autoclave 60 d 90d 1204  150d  165d 60d 90d  120d 150d  165d"
1 No 0.0, 344.° 428 458 % 421, -t 30.1,°%  153,° 4270 325.°
1 Yes 0.0, 344.,° 403 438 "% 401, - 300,° 14.1.,° 4072 315,°
2 No 195, 279, 71.8,% 61.5,° 428, 0.0° 22, 292,* 70,° 118,°
2 Yes 388, 758,° 900, 844, 8.2, 00° 60,° 732 431° 163,°
3 No 00.°> 330, 528,° 279, 809,° - 160,°  41,° 142,% 396"
3 Yes 00> 441° 438° 204, 6192 - 13, 07, 142, 233.2°
4 No 00,5 352.,° 622.,° 49.1,.° 824.* - 3.6,° 0.0."° 6.5,° 404.°
4 Yes 00> 955* 698,° 758.° 832,° - 313, 388,° 614,r 7717
5 No 00, 258,° 706,% 79.6,* 609" - 16.7,° 220, 4540 4527
5 Yes 0.0, 404.° 80.1,* 765* 932.° - 234,° 146.,.°% 7182 6.6,%
Significance Germination (%) Survival (%)
Day (D) o
Media (Me)
Autoclave (A)
D x Me o
Ax Me - -
AxD - -
D x Me x A - -

“ Media from 1 to 5 were sphagnum moss, peat moss, carbonized rice husk, sand : loam : carbonized rice husk : perlite=1:1:1:1 (v/
v), and sand : carbonized rice husk : perlite : vermiculite=1:1:1: 1 (v/v), respectively.

* Germination rates were recorded 60 d after sowing.

* Survival rates were recorded 120 d after sowing.

“Seed maturity were days after pollinating.

" Means in the same column with different subscript letters or A, B, C, D, E in the same row with different capital letters are signifi-
cantly different at P < 0.05 by least significant difference (LSD) test.

" -: no seed Germination.

" significant at 0.01 level.



Hl RSN 133

o FEEMBREZEFER—NEF 217
TERFIER — 8 W& 150 d fiT 2 B
EFEERBIE S Wik 120 d RIS
B2 Ryl g 165 d FET-RIDIME 3 -
NE4RNES CRBE) e -« GrasR
HUR o kg 60 d 2T REENSHEZ N
'E 2 BIEETFEE ST o (HFN TR 120 d FHE/N
W ZEERE R 0% - #2831% 90 d DL 2 fE T
BRENSENERETES > BREEZN
BAhEREZBEFER 95.5%  HEFESR
% 38.8% ° ¥ZI37% 120 d 28 THEFER E
B2HEERFERLEER > 751k 90.0% &l
73.2% © $2H 1% 150 d Bl 165 d B T4
FIREFERE 2 & 4 BB 5 0 SR
B 75.8% Fi1 93.2% » FERRFEE % 165 d fE
TRENE 5 7 6.6% RN » HEpEER
15 61.4-77.8% Z[H] (£ 3) - & REUTF
SERAE > D% 120 d 2 TR R E
B 2 FyiefE > B FREFERERERN K
i A DO 2 8 4 BB R —5 -
DIFZin 1% 120 d T S N EEE

x4 FEMEHGEDMETNEERZZE -

% 120 d R B2/ N E PYRE BOR M E A [F - E
FERZER - ERETIUREZME 2 /)
EAE RS E B PHERRA3SRE &
TEME PR 7.0 mm - I PAAME 1 ERSVE 3 Rydeas o
NEERBZEM RS (R4 B 1) - Al
DIfz#3 1% 120 d SRA 2R T 1B R E 1 E 2
RHEA > BIREEO METH#FHEE ZBE
BUR > AEBTETRSE 10 X > M IREM Rk
£55 17 Kig > [F3KHES (protocorm) F#A B
HEBE—R 3 £ 31 REF - £ — R Eobd
RIER FES 60 Rif > RIHEBEZRE 5
120 K - BdA R HISE = 7 BEBR & 5 pl e 5
PR (8 2) - 141 BR/NEEREE TR -
NEBHERBEHREEEFGROMFERYE
#&E CREUR) > Wi BRI/ E A REFEE
ZIEW > HEFEZ/NEERBEZERE 2
JERR LA VE N T EEIEE A REE (E3) -

{3

RREHEYRE TIREM/) > BE AR5 ER

]

Table 4. Effects of growth media composition on the growth of Bletilla formosana (Hayata) Schitr. seedlings’.

60 d after sowing 120 d after sowing
Medium Autoclave Leaf number Leaf span (mm) Leaf number Leaf span (mm)
1 No 1.0c¢” 09d 1.2¢ 1.2cd
1 Yes 1.0c 0.8d 1.2¢ 1.3cd
2 No 1.3b 23b 20b 32b
2 Yes 19a 29a 35a 7.0a
3 No 1.0c 0.7 de 1.0c 0.7d
3 Yes 1.0c 0.6¢e 1.0c 0.7d
4 No 1.0c 1.0d -* -
4 Yes l.lc l4c 20b 1.8 cd
5 No I.lc l5¢ 2.0b 32b
5 Yes l.lc léc 20b 23 bc
Significance
Media (Me) T
Autoclave (A)
A x Me

* Seeds were taken from the capsule which was 120 d after pollination.
¥ Means in the same column with different letters are significantly different (P < 0.05) by least significant difference (LSD) test.

* -2 no seedling survived.
V", ™" significant at 0.05 and 0.01 level, respectively.
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1. DAFzkite 120 d 2 &8 ME RN CRERELZ (A) K& (B) JEE 13 (C) AbigRE: (D) b 1
FRACRER : BERA (L: 1 1 D) RENE T B) B bRk - BERG EG (1: 101 D) IRENE > (BB
1% 120d /NG 2 EENEF o Bar=1mm ©

Fig. 1. Growth of Bletilla formosana (Hayata) Schltr. seedlings on different compositions of growth media after
asymbiotic germination from seeds collected 120 days after pollination (DAP). Growth medium of (A) sphagnum
moss; (B) peat moss; (C) carbonized rice husk; (D) sand : loam : carbonized rice husk : perlite=1:1:1:1; (E) sand
: carbonized rice husk : perlite : vermiculite=1:1:1: 1. Bar=1 mm.

PRIRHARMZ IR 358 » B REGARE - INEFAER By Z WUl (8 # i PR 42 & (Lin 2002; Kang
BE N EFEMERE (mycorrhiza) FEALTE T2 2004; Rasmussen et al. 2015; Alghamdi 2019;
FESAREER S RBUNG (Arditti 1966,  Yeh et al. 2019) - HRATA BHEFHEYI A # HE
1967; Yamamoto et al. 2017) « @ EMYWI5CEH  REILESHESE RN > HEFHTER#
T WPHEYIE 2 B RRERF RN FUERERER S 2R E D - Su (1996)
THEFRRE FREEEEPE K8 HRER  RNEEOKEFMAUE 15 - #T
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2. LDURHT& 120 d 2 &80 RETEER CREREER -/ - Er#FERZHP - (A) BlER
3d: (B) fifiEfR 10d : (C) #HdR 17 d ¢ (D) #Hdf% 31 d ¢ (E) #1d{% 60 d ¢ (F) #f#{% 120 d - (A-B) bar = 0.1
mm ; (C-D) bar =1 mm ; (E-F) bar=3 mm -

Fig. 2. Germination and seedlings growth of Bletilla formosana (Hayata) Schltr. Seeds were collected from a cap-
sule in 120 days after pollinating and were sown in an autoclaved peat moss medium for (A) 3 d; (B) 10 d; (C) 17 d; (D)
31d; (E) 60 d; and (F) 120 d. (A-B) bar = 0.1 mm; (C-D) bar =1 mm; and (E-F) bar =3 mm.

fEr s of A RG> SERBURE T H] 827 (H /ﬁ’:/m\ﬂ\ﬁxﬁ‘ SHIE SR £+ AR & A E Y
[EREERIIN 2 A& - AWTFELIEVE AR BN - DIRHE RO B S8 F BRI E -
ZEEBAREXET  BENETREGZRE %%EF%%E A BABERER RN > i
TERG L R MR =1 1 ) B ETERGEZ T EREBE > MO FERD
BRulloBa METHRSEF > HARKSE ABRRBZETHENRE ZAEMET > BHE
Btk (BRRER)  WEESNECARY HET#FRINEERZEL %‘%UEE@%E
SIFBUERGCR - NIt > ARBRAEMZ2E  RETEGEAERFHAZER AN
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3. RERNBEESRRLER 60 dREEH
SoNETERAFH - Bar=1cm -

Fig. 3. Growth of Bletilla formosana (Hayata) Schltr.
seedlings after transplanting from in vivo cultivation to
sterilized peat moss medium for 60 d. Bar =1 cm.

W R SR R RHE Y S g B
FHe )T o WANERS O fEAESCRE RO 12 110 d £RUK
CEIRNEFEERZ 10d BIA S HEE
RREAMNERFRAAATHEE IR EET
BIFRE S R FRHKAS# E (Tu & Lee 1988) - 24
T+ 8 (L )& (Vanda) (Helena Mathews & Rao
1980) £ =& &L & (Cypripedium) (Harvais
1980) HIWFFCE T » B AR 2 N i
Bl > BT AT TR E > EEPE
INEZ AR - AHFEELE S (84 [FE R 1R K

EEAORET BENRSET2HEZH
—BURG M E TR (R2) BRihiE
60 d T FRIEAEFEES » HBENER &
16 d B[ &2 » FEETETEGE R0 - ok
% 120 d (RFE=EF) K 165 d (RAHHHRZ 15
d) 7o Rl fEERER L~ Wbt L 0 R
{EfGRL - BERARED © SRABTER - %A 1 iE
FRENE  ATHEMEFRE 9-10 d - fh4h
HH Tsao et al. (2011) Eiz#51% 120 d =G
O RREE T DUEE BT SN R R
8 d 7] FLfE 3 5F 2 B EAHAT > {HEL Lin et al.
(1994) HYBFFE 45 HY 5 5% 5 2 i R B 3R 2 F
AT Z G5 R ORE] o MR R R ] A B R A
e B R AN EmMAREL - Ik
k1% 90 d Z M IE AR E 2 AL E -
Wbt pRALRERY - BERA A ¢ iR bR
EHAO  BEORENE PR REERENE
Bz REMZ MWEREES TR ZERE

rere

]

70 % 52 1

R KRBT AV IR (R 2) - HEEHEE
B BFRLIEERNZE  QBAEE - &%
¥y 1% 90 d ff T8 R E 2 AR E
B : 3t R BRERY - BERA KD ¢ SRABRERE
PYh RS 8 5 RO S A
B (EF2) ENERERERELEFER
FERAm A RHARENE S (F3) - &ERE
R ORE R AR E A EMAEY ST
T R/NEEEREE - IR REEL R BE TR R
B -

RWFE 2 5 RBURTZ M 1% 60 d T 8 28
EEBFRES > (A/NEFEREK > BErREET
AR R CREER) - #1% 90 d fE 1B
HA R Z SRS HENILEE A > fE 1 e E
EERA AT > HEERN % 0808
TET PSRN > SR - H2 > tb—#8
BEFEERFEERA 8 - ENEH > b
DS £/VE BRD - 1 ¢ RIERER: - BB O
RENMEEFN RS v RIEER 2
B BHRENEINERRESF > EEFE
RHE - ERD - #EL  RICTER  BRRERS
NE CRE) 2 REABBIBE - RIBAHILLE
RETR > ERFRL—EHEESSEEE
BFREAFIERZIEFRAE ~ MEEE - B
B i B R DA R R - T 27 A TR e S TR 25 8
B 1% 90 d ZFET - BELRIRTE T E 2 1) -
Bt REER BRORSNERSFRE
95.5% » HE/NEFERE 31.3% » MHE
120 d 2 fEFRERER M E 2 0D - 3 1« RAEREREL -
EBRORENE 2 8 FH 1 90.0% > /NEFEE
RU[HE 73.2% » MK 1% 165 d 2 fE B
WE W AR - BBA ERENE
HESE SR 93.2% » (HIF/ERER 6.6% » FH
A RE (iRl AR R B TR 2 5 & K B S
FHERNTHE - 1% 150 d B 165 d 2T
SYRRETERARD - RAERERE C BYRA C BERA
EERD L RAERERL: BRRERSNE
R ST HI B 76.5-79.6% DL K, 82.4-83.2% £
Y o (EEERAHBEDURE 1E Rt o )
H[EE 71.8% 81 77.1% - BURKE M E /N 4
EWEAF (£3) REIEEHEARE T E
ZHNEEMARRENGER -

FENMEEEZE N EERRSEE DR
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& 120 d Z T #E M 5 R E 8% 120
d BHRHUERERE 2R T1ME R fE
HREEL &8 | KB N4 RS (terrestrial orchid)
ZEEARM o N4 R ERRE - R
W RALRER - YO IEARENE  R&E
B RE—NEZKE KRR » N R S
HEMBEIE (F4- H 1) WBEHFER
FRHEYIE R B E I - oK 2 1% HIR
B RZEHTE R - IR AEALER  HiT
GIERRET > RWHERE T ERFEREILE
A A 0858 B e BE M R (Juang & Lee 1985;
Lee 1990) « ARi5E AR 12 120 d 7 T+ Ffe
AMEER /M8 BIEEE O R a3 5 i
LB E 2@ > BURTEERS 10 K21
R K Rkt WA 120 REHBRTE
SREERAEER  ERKTEREERKR (B 2) -
MRS 2 SR N B HE 2 TR R B 2 JE R
TAERFEEEER (B3 SEGEOK
AETEY > BASMFEHEREAEREE
o Wt REEERWRACET > BER
HEZNMEPNETHEZ KT 680 KHE
IR [ B B AR B B aH a3 Bl vl IR 48 2R 0
SHBRE R - LR LS B RHE YT 2 3%
SFHEFIEFTARE - RERMFBEE RN EE
HEETFHEEMEREY EEE R E S E R
B Sy aH R LR BA AR AR
TP B B A R

MRHEY B RS 2 68 0 RAER % 60 d
"IETEIA SRS AR HE 2L A 8
HEBE BB AR BT HE TR
FE B BT DR B R R LS R T AR R S
HRAMERE 2 2 25F % - R /K EE TR
RIS BRI N B REBORAEFEE
BERERZREN - EAMERLHEGT
DIz i% 120 d 2 f8 T3 R E e 18
HHEFETRYE - BFRRNEERE R
HH| o MET-EFERTE 90.0% > /INEEERE
73.2% - BURBE A KE TR L RIRTFT
BEME - DOREMASRRR - ERORKZ &S
AREZNE - h—HERFHNEZH
AR/ N ER  AREEBEIEETREAN K
TR S o (HIEFF 2 R A oth H S R
AR T B o B e gt B o B e B

NE O A RSB ESIE ER RS
IMBAN TR R E T L EER - R
AMRaEBa kZESREFHERNEHE - FH
BhIR Al SRR -

=+5
At
ENDEWIE- TN ol RS LR LN 23 LG
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Effects of Seed Maturity and Growth Media
Composition on In Vivo Asymbiotic Germination of
Bletilla formosana (Hayata) Schltr.

Chin-Yi Tsao', Uei-Chern Chen’, Tzu-Ying Wu®, and Chi-Ni Hsia**

Abstract

Tsao, C. Y., U. C. Chen, T. Y. Wu, and C. N. Hsia. 2021. Effects of seed maturity and
growth media composition on in vivo asymbiotic germination of Bletilla formosana (Hayata)
Schltr. J. Taiwan Agric. Res. 70(2):129-139.

This study was conducted to verify the effects of seed maturity, growth media composition
and media sterilization on in vivo asymbiotic germination and seedlings growth of Bletilla formosana
(Hayata) Schitr. Seeds collected from pods 60, 90, 120, 150 and 165 d after pollination (DAP) were
sown on autoclaved or non-autoclaved media, including sphagnum moss (medium 1), peat moss (me-
dium 2), carbonized rice husk (medium 3), and mixed media of sand : loam : carbonized rice husk :
perlite=1:1:1:1 (v/v) (medium 4) and sand : carbonized rice husk : perlite : vermiculite=1:1: 1
1 (v/v) (medium 5). Results showed that seeds of B. formosana were able to germinate and to grow
normally on various autoclaved media. Growth media composition, seed maturity and their interac-
tions were found to have statistically significant effect on days needed for germination. However, a
less significant effect was found between autoclaved media and seed matured after 120 DAP. In this
study, immature 60 DAP seeds were capable to germinate, and the shortest time for germination was
observed in 165 DAP seeds. Factors of growth media, autoclave and seed maturity as well as their
interactions showed significant effects (P < 0.01) on seed germination. It was observed that seeds of
90 DAP had germination rates higher than 80% in the appropriate growth media, and the highest ger-
mination rate was found on the autoclaved peat moss (84.1%), followed by the autoclaved medium
4 (81.1%), and the autoclaved medium 5 (72.6%). Although survival rates of seedlings derived from
different maturity of seeds sown in various media with or without an autoclave with no consistency,
it was found that seeds of 120 DAP sown in appropriate growth media had survival rates higher than
70%. An separated experiment using seeds of 120 DAP was conducted by sowing seeds in various au-
toclaved or non-autoclaved growth media for evaluation of seedlings growth. Results showed that fac-
tor of an autoclave work and types of media as well as their interactions all had statistically significant
effects at 0.01 level. It was found that autoclaved peat moss showed the best result on the growth of
seedlings. In average, 3.5 leaves and 7.0 mm in leaf span were found per plant. The results confirmed
that B. formosana had autotrophic feature during seed germination and seedling growth when mature
seeds were germinated on appropriate growth medium. It was observed that embryos of seeds were
enlarged and turned into green in 10 d after sowing, and the first leaf appeared in 17 d after sowing
from protocorms, and a complete plant with roots was obtained in 120 d after sowing. Growth media
and maturity of seeds and their interactions were all found had significant effects on days needed for
germination. However, a less significant effect by an autoclave was found from the more mature seeds
(> 120 d). Factors of growth media, autoclaving and seed maturity as well as their interactions showed
significant effects (P < 0.01) on seed germination and survival of seeding.

Key words: Orchid seed, Asymbiotic germination, Orchid mycorrhiza.
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BE RS GRS ERIERE (Colletotrichum spp.)
Zoka Mk SOET RS PR R o TR

Rire Y ma gim’

e

ZEFERS - BURLL ~ G o 2021 o IR EE B A E BRI (Colletotrichum spp.) %
BV B R B 2 BRI - BV RESERTE 70(2):140-156 -
HFoRIAAE AT BRERUIPERPALF M ERRT > KAREEA W EARMAETELLESF

o A B R L% TA AR AR 0 EBARR 0 A BRI M R LA A AREE B ) SR I 06 R R AL T B U o
ARFAS 20192020 FH Z G ELMERABRES LB RAR WETL OB ERMER RTA LRH
ZHR IS A REAEE DR, RE - BREAT > ARGUHERT > KESBHRT TERT
SREGRBRE AYoiARTEAROBBE N LRI A BBEMER TR - & THERIT I RIARE
P ¥RAEH » HF internal transcribed spacer (ITS) » glyceraldehyde-3-phosphate dehydrogenase (GAPDH) ~ B-tubulin
2 (TUB2) ~ chitin synthase 1 (CHS-1) % calmodulin (CAL) 5 18 3 B /& FI4F € Fr 3£ MM 46t - M %5
W RERRAFRGEHBET 68588 EMRRKE Y &4 Colletotrichum siamense ~ Colletotrichum fructicola
¥ Colletotrichum tropicale % 3 #2 o vy % | X % & R#a T ° C. siamense ~ C. fructicola ¥} benzimidazoles #8 %
strobilurins #8 2 #| & % 2 B4R 5 M C. tropicale ¥t benzimidazoles #8 3 7| FL 4% B M » 12 #} strobilurins #8 2
Bl 2 AR 0 Bk C. tropicale 48 #7 FH W AE % J8 7% 1 #F benzimidazoles 5| LA oy £ bk o B 4h 0 &
BEFEE 100 mg ai L' > A AF R4S HET R H 3R AR A A4 AR SEBEZ Imgai L' #F -
1 RVAF E B ARR T RR 37 4] 3 AR R AT TH Y - A LR RBRER » TRERRAWMEEH
B E R 0 5

RASEE - O - SERE - REPRG T - ZERIBETE -

BE A BB - WEH - PBARmEE

n Tk B, r R N Y

B (Psidium guajava L) By bk 4 R E%& 7J<E|HT7§J m/ﬁszmﬁé%, *ﬁ‘% B

M e ot g . HE G R i 2 [ F M E AT R -
yrtaceae) A& (Psidium) 2 ZA5 A5 \, e

LSBT - AR T S 4 (ERLY B BRI 5 O SR 7

£ 7,000 2 /N « RIS 2018 45 2 2 4 2 4E 3 1771 > HpF 167 ERIEFEBENEE > Kt

(https://agrstat.coa.gov.tw/sdweb/public/book/ ARZUECRREHREMGIE - a5

Book.aspx) » H Ik B FE 7,442 ha » £ ADEHRE > WEEKFEERBEEE Misra

B47176,304 Mg > REEELEES - £ 2004) - £ 58 g (BEBHEYHELE)

TR HE (KT A= T (2,694 ha) ~ BFEHT (BRI AR ENY 39 HEKEE

(1,467 ha) R FALRL (1,258 ha) - FEAE G EIREFLY 151 - 48485 24 1 (Tzeng et al. 2019) -

e HE] - 20204212 H 18 H + Bz HHEA - 2021 3 H 8 H »
T iEEMER ¢ aotatsai@fthes-tari.gov.tw
'L R R LSS EESR S ATEY RS AR R - &8 SET -
‘EZgBERBATR AT EERE S TEY RS AT ENE - &8 Sk -
‘HEEERNEEYBELARBIT - 68 BET -
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BEMEFEAEKE  H2FHUES > 2
PR A HE Nalanthamala psidii 5| #E 0 37 F%
o ATAE R RRIE T MR EDR A LA K
TR & & (Meloidogyne sp.) %8 A RA
Lasiodiplodia theobromae 5|1 %< 5 559 K
Phytophthora nicotianae %5 HIFEIR 5 BE IR
FHEEDDR - B REER  RERERR
298 (R R Phyllosticta psidiicola) ~ &R (R
[ Pestalotiopsis psidii) ~ [RIEIR (AR Colle-
totrichum sp.) ~ B JEE (FF IR L. theobromae)
FIER (JRIE Phytophthora parasitica) °

A R R AR 48 - B SO R B Col-
letotrichum gloeosporioides Penz. (1882) EH—
EEFTT|#E (Penzig 1882) » Von Arx (1957) K
Sutton (1980) & FI| FH 5 9 B 73 A4 i1+ 2 TR
K R/NE 57 C. gloeosporioides » {H 77~
KBLIREREN N ZESHE - £ F4EY T
E R K /T > 5 JE 7 B & (Colletotrichum)
Ky B E R IB T AR E ~ 2 ERFERIR
ELR /N~ WP 28R ~ B M E (setae) »
EEEANHORERRES  HEFRER
EAREFEE - ARUEE 2 A RBHFNZER
HERTEELER  RPEREE LEAX
REVIETE - IRIBEISN BTG H » C. gloeospo-
rioides £ — 18 & f& (species complex) » ¥f %
C. gloeosporioides 1= EALSZ M E > 4 B4
H DL internal transcribed spacer (ITS) ¢ ¥l &
ELEH A R LA 2 & oy B AR » DA sy AR A
FEA LT 5087 » BLRG actin (ACT) ~ calmodulin
(CAL) ~ chitin synthase 1 (CHS-1) ~ glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH)
Je ITS o A2 AL R EE 12 FT R SR AV 4%
BB > SRR AE S TR T A o Ak 22 (R A
J 1 {EGifE (Weir et al. 2012) »

1E HE IR G » B A2 MLER;
BRE - AENTRERKESHBRTZAE
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% 5 i 25 5 JEL P R [ 1 PR 1 7 B ) 2
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MA%[E (famoxadone) ZE4H ] FEAE i ZM: (Che-
chi et al. 2019) -
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W30 s> DIEEKER2 R - &k DLHE
T fiE ] TI Y ELEE H 4H4% (Dauanla-Meli et al.
2013) > 2 B B & e fe B &L 25°C
BYTd RER EHZRERE SV ZH
[ PDA SFA) > fFE TR PRELE 7 %2 PDA &}
fHiH -

FRIEIA B DAY BB (silica gel) #ETTRHA(R
7 B R B A P& A 2 R E/NE N > BB
K& 7-8 43 im BN o = BRI 22 M 1% 0 DA
H ISP £ T 2 fF5 A 400 pL
7.5% (wiv) BREGSED) > M E B TR EF
o W EL 350 pL ORI AR A W Bk
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ﬁld\ Sl BTN BN ENVE (E Y BB
RIFRREHE - BIY -20CHREF - 7 d REUD
iﬁﬁ’ﬁﬁfrﬁ/ﬁﬂuﬁﬁﬁz SEERIDEpANS
WTV%%E&T%HM*
& PDA RHEIORAFE VIAL—/ NS - BN
PDA i%%%%%é’] 3d & UJHUE 4R 4R I 2
Murashige & Skoog (MS) AR EFE AL (modified
Mathur’s medium + 0.1% yeast extract + 0.1%
Bacto'" peptone + 1% sucrose + 0.25% Mg-
SO, 7H,0 + 0.27% KH,PO, + 2% agar) (Tu 1985)
BN | wk BRFEM - HLUEE/KE T
MR MERET B S e B R - SRR 1
x 10° conidia mL" » {E Ry FEHAER - el

PR E BRI E LD - SRR E - Kt
S 2 R AT B SOE N E > DL

"t "B RE BRI - B0 1%
‘k%?ﬁﬁfﬁ]/ﬁﬁ%é%ﬁ USRI K Z

B 5 T AR - DUBSE Z ST H &
FELZEL 1 mm #YE L - R 10 pL 787 0% K
TESOE - F—EREM 3 EE > LS
IKIE R IRAE - B 25 C R | wk i > &

HUSR R AR BT B ARBRIE 1 2 X -
ZERKZ DNAZRRREHEHENE

(polymerase chain reaction; PCR)

S EETY PDA A& 10 d INERE > BT
H 44 7% > Ll genomic DNA extraction kit (Nau-

K 1. AWFERTEAS [ THPYI RSB BRI -

Table 1. The loci and the primers used in this study.

B70% H2i

tia Gene, Taipei, Taiwan) fiiH{ DNA - FF]
H—ME5T# (& 1) #E1T PCR KL EHEH ITS
(White et al. 1990), GAPDH (Guerber et al.
2003), CHS-1 (Carbone & Kohn 1999), B-tubulin
2 (TUB2) (O’Donnell & Cigelnik 1997) k& CAL
(O’Donnell et al. 2000) % 5 HER A &> W
B PCR EWi£AL ESF (Genomics, New Taipei,
Taiwan) - JEF YRR/ B J7 51 > DL National
Center for Biotechnology Information (NCBI)
GenBank (https://www.ncbi.nlm.nih.gov/gen
bank) Y Nucleotide Basic Local Alignment Search
Tool (BLASTn) DIREHETFFHILLYES -

R RAREC 21

& BRI 51 > Bl C. gloeosporioides
T B Y & e R R AY ITS GAPDH ~ TUB2 ~
CHS-1 J: CAL B2 F Bt 75l BT AN
SN (Weir et al. 2012) » & SE R TS
HY (9 NCBI % [A &5 (Genbank) - L MEGA 10
WS BT P YR & i > P15 A ClustalW
HOHS AT HEOF K E S 1% 0 75 2L maximum
likelihood JA#ETT ¥ &% 7 # » DUIE fifg 5 S B PR
jE—SLE%DC gloeosporioides TEHf T 1Y & & 1Y
gt

SUBERE < FEREERE
T B L P 42 £ 2 PDA AR
Beg st o 10 25CAERAS 12 hRIR/2 h BgE

Gene” Primer Direction Sequence (5°-3°) Reference
ITS ITS1 Forward TCC GTA GGT GAA CCT GCG G White ez al. (1990)
ITS4 Reverse TCC TCC GCT TAT TGA TAT GC White ez al. (1990)
GAPDH GDF Forward GCC GTC AAC GAC CCC TTC ATT GA Guerber et al. (2003)
GDR Reverse GGG TGG AGT CGT ACT TGA GCA TGT Guerber et al. (2003)
TUB2 T1 Forward AAC ATG CGT GAG ATT GTAAGT O’Donnell & Cigelnik (1997)
T2 Reverse TAG TGA CCC TTG GCC CAGT TG O’Donnell & Cigelnik (1997)
CAL CL1 Forward GAR TWC AAG GAG GCC TTC TC O’Donnell et al. (2000)
CL2A Reverse TTT TTG CAT CAT GAG TTG GAC O’Donnell et al. (2000)
CHS-1 CHS-79F Forward TGG GGC AAG GAT GCT TGG AAG AAG Carbone & Kohn (1999)
CHS-345R Reverse TGG AAG AAC CAT CTG TGA GAG TTG Carbone & Kohn (1999)

“ITS: internal transcribed spacer; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; TUB2: B-tubulin 2; CAL: calmodulin;

CHS-1: chitin synthase 1.
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B 10 d B sr g MY IER @ - 471
THEIZE > AZHE & ERS PDA &
BEEoEATRELNTEMT  PLCEEM
#% [Nomarski differential interference contrast
(DIC), BX51, Olympus, Tokyo, Japan] DL H]
% 2.4 (metric camera) JH| & 50 { % it 5
EEE D BT RN o HLAHE R BE il (slide
culture technique) ¥ ZL[ff & 25K » R
PR 1 om® SEEH IS 85 B A IS S A B R
o WE EHEZEIR - BENERIEE 14d
% BUNEWR - BENVEA ALEEAER R HE
ZIEES -

SR 3 BEEOBRERERMERS
8

DLH ATELA & A1 SRR R AR A B A - T
SEFH B SR A RANFIRT MG - ZEEEREIE i
W3 13 AL AESER (K 8% 1) > 70 B FC BBk 3
TEJERE 110 K 100 mg a.i. L' 3 DLR IR
INZER] 2 PDA PR B A AE K IR 4H - it
SERR Colletotrichum siamense SYCo3 ~ Col-
letotrichum fructicola YCCoS5 ~ Colletotrichum
tropicale ALCo2 fit PDA #}H T 2 # 1T PDA
BEERE FEEELNTd LHE TS
(FLIE 0.5 cm) DIJHUER SR I » K5 B &4 58 DA )
THTHS E &R EREER Z PDA SPARHY
ot B 25CARAE 12 hotR12 h BEER:
& o (A H R RomE R 1R - S B T AE R g
FlpR HAH % B - LA IIA KT EFE SR E
RANHIA (%) @ [HIREPEERER - %5
FRIRAH PR R B VIR P A RER x
100% - GHKGERIRE L 4 BEBEN > A
it EE 2 X -

BEE IBEEOBNERDERBTHEF
2

Bo3En
A

DIERA Sy 10 mg ai. L' & 1 mg a.i. L7

BRI o BV N R 2 3 A B W 8
FE e DMEMERE RN 2S uL &1 H
B> VSR (EARE 20 mg a.di. L) » BREIEH

b BIEEERE AL 25 uL ft5Z C. si-
amense SYCo3 ~ C. fructicola YCCo5 ~ C. tropi-
cale ALCo2 #UF-8&%% (1 x 10° conidia mL™) >

E050 %A EME BN Ll BE Y KE
W BEHE BREBEFUKT R0
mg a.i. L #EHER LR 0.25% « 573 DU
B R B 25 pL &1 [ 257 2 750 O
2mgai. L) BREIR L BUEEMER
IR HY 25 uL 2387 SYCo3 ~ YCCo5 + ALCo2
B9 (1 x 10° conidia mL™) » 2 0.5%
wHENE o N Ll EREREN - REEE
R4S RS A o7 By 1| mg ad. L7 A& HE
B HORIE 0.25% - fHREt#E: 7 B IA EE K
BRI > FIESRMER 25CA KA
TEEREE K 18 h BN EMBRERTE
100 {71~ 25 2R 8 P RAAT + (FEH
iz P 4H £ 4 2 I B/ IR AR - S SR () x
100% - F{EEHE 113 EE - ABEE2 X
$ 6 B o LAE 0.25% % i 2 fi B 7K R 2 A
Fy¥Haa -
AT DT

HERISUER RS b SAS BRI (T LR 72 05
7T MT (analysis of variance; ANOVA) » i & 12
5% BEZKAET LR /N ZE M E R (least sig-
nificant difference; LSD) FL#Z[E— g B 1Y
BzER-

EES

HEORERREHRDBIEEESR

2019-2020 [ > HEEbthE (HfERR
RoRT M ~ TR~ R E - TR
PUR G R L BT ) i P D DL JEL 9 B el
A SR R P (B R (R T MR R e o B 5
B A [ anfl & 0 B SR B AR IR
15t (£ 2) - RIEWEARE LHRE > £&E
A HAISE T E S ERBE (B 1A 40
AT > [ 1B &L ) » £ =R AVEREE T
R AW A= Re S A S 7S [ oW
a5 - 5941 > BIFERBEAE — NG & 12
BEALOER (B 1A "EOFH) > WiEH R
FBRERMPe - MR EE R E AT - &
HRMESRERMAEE KL - ZNREZEY
BRHEHER (E 10) - &OHHER - BERHER
PDA BB A FEAAFEMEZEE - RER
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*2. HEWEER REOHRE DB RIERSER RN ET]
Table 2. Pathogenicity and virulence of Colletotrichum strains isolated from symptomatic guava fruit and symp-
tomless leaves.

Isolate Location Part Symptom Virulence” Cultivar of guava
YCCol Yanchao, Kaohsiung Fruit Brown rot -+ ‘Zhen-zhu Ba’
YCCo2 Yanchao, Kaohsiung Fruit Brown rot + ‘Zhen-zhu Ba’
YCCo3 Yanchao, Kaohsiung Fruit Brown rot ++ ‘Zhen-zhu Ba’
YCCo4 Yanchao, Kaohsiung Fruit Brown rot +++ ‘Zhen-zhu Ba’
YCCo5 Yanchao, Kaohsiung Leaf Symptomless ++ Guava ‘TNG1’
YCCo6 Yanchao, Kaohsiung Leaf Symptomless ++ Guava ‘TNG1’
SYCol Sinyuan, Pingtung Fruit Brown rot +++ ‘Shui-jing Ba’
SYCo2 Sinyuan, Pingtung Fruit Brown rot +++ ‘Shui-jing Ba’
SYCo3 Sinyuan, Pingtung Fruit Brown rot +++ ‘Shui-jing Ba’
SYCo4 Sinyuan, Pingtung Fruit Brown rot ++ ‘Shui-jing Ba’
ALCol Alien, Kaohsiung Pedicle Symptomless ++ ‘Hong Zuan’
ALCo2 Alien, Kaohsiung Fruit Brown rot +++ ‘Hong Zuan’
ALCo3 Alien, Kaohsiung Fruit Brown rot ++ ‘Hong Zuan’
SSCol Shanshang, Tainan Leaf Symptomless + ‘Hong Zuan’
DSCol Dashe, Kaohsiung Leaf Symptomless + ‘Bai Ba’

“ The virulence of each isolate is distinguished by the diameter of the lesions. Disease scale bar is as follow: -, 0 mm; +, < 15mm;
++, 15-20 mm; and +++, > 20 mm.

1. (A) K& REH Colletotrichum sp. Fir5 HEZ SIEFIHE - RIERARAZ @EHENE - HEP 2
FrgeMba GLesE) - R /NP EEALOFER - PREEEMEIR (HEEEHE) ; (B) LI, miER
HZRIEFRFRE > EEPETHRAE ZMEE (ALER) 5 (C) BBl ZMmEEER & (D) IEEIHHETED
HERT R RIS (ALEFTHR ) -

Fig. 1. (A) Symptoms of anthracnose caused by Colletotrichum sp. with irregular brown spots and dark brown
sunken lesion at the center of cv. ‘Shui-jing Ba’ (red arrowed). Sometimes there are small brown sunken spots with
red haloes on pericarp. (yellow arrowed). (B) Rounded to irregular lesion (red circle) of anthracnose on the fruit of cv.
‘Hong Zuan’. (C) Symptomless leaves of cv. ‘Zhen-chu Ba’. (D) Colonies of Colletotrichum sp. (red arrowed) isolat-
ed from symptomless leaves after strict disinfection.
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B 2 B G R P AR 2 o A T
([ 1D 4Lt 575 - & AT - B8 R
EHEEHR  sEHgEERKOZEE > H
A RHAITRE - i — R 2 B EE MS
R EE R -
REREERERRIRITER

oF 5 .16 JR % A (] 2 o A A B S (] 4L 45
B8 2 R E R ETUERT B ER
- DL T BRI fF AR S TE - HE
Rk 2 Fow - HEWRBREERREER 2
Fk > BAEREAEENEEENEER
BRI E > VIFEEE - FETEEIEE
ZROZ RN > RrEkEREHELHE
HAEREME - &F—Ro8ER - BEEEPRE
ZEE 0 ERRIERER] - 554 pEEERE
ZEHREEF S (virulence) B FkE (%
2) HIEREENRGERERGD  ERE0
AR — 0 RV IR E (Tsai » RERER) -
BEORKERERGE DN

1 15 BRE R SRER B Y 1TS %1 LANCBI
GenBank #Y BLASTn EE ¥f > 38 15 £ & ¥ 81
C. gloeosporioides 18 &N E % 2 75 EH
S 99% HUAHEME - ForiE 15 HRE AR IHE
R & E PR ER & Y C. gloeosporioides 18 & 78 »
Ry TAG e € A RERE - BUEA ITS
GAPDH ~ TUB2 ~ CHS-1 . CAL R R E& %
Hl (Weir et al. 2012) #1TZERFF1 547 (M
% 2) - BGRGEER - 15 HEETHE 10 &
E ML C. siamense ICMP 18578 &5 HA [ — )&
b4 3% > 3 {# & £k (YCCo5, DSCol, YCCo2)
Bl C. fructicola LF130 g~ [F] —E b5y 32 0 1
{EE 1k (SSCol) Bl C. fructicola ITCC 6270 fF
rE—EET S 0 55 1 &k (ALCo2) HIEL C.
tropicale ICMP18653 JFy[E] —Ef [ ILA] > &

(EEBEAMRIER 2/ VEE C gloeospori-

oides & TE T C. siamense ~ C. fructicola ¥l C.
tropicale % 3 T IHIH & (& 2) °
—EHAE®RER DERFTRIESE
BURE

itz 2 C. siamense SYCo3 ~ C. tropicale
ALCo2 -~ C. fructicola YCCo5 A 25 C B & ?
B BwE EEAESEA 10 4R RIE@EAY

HAEPREREEXAE  HHME LM
BEAE O M o Jr A4S T R T
BRESAERTFZ oM FHEERA
o ERET R SR EBEOORNIUR (B 3) -
3TERERE 2 7EM 28N - &5 M
B BANEESE G ([B 4A-4C) > C. siamense
SYCo3 74l TR E4) B 11.3-14.4-16.5 pm
x 4.4-5.1-5.9 um > C. tropicale ALCo2 734 {1
THEEL R 12.1-15.9-18.8 pm x 4.5-5.2-5.9
um ~ C. fructicola YCCo5 53 £ T & EL 5
12.8-15.1-19.2 pm x 3.7-4.9-5.7 pm ° 554} >
C. siamense SYCo3 } C. fructicola YCCo5 [ff
EREMRLEL - ZEFHAP IR - DEE
4234 o C. tropicale ALCo2 Rl % By fif&T -
EARFHRANE (B 4D-4F) -

BOBKNEBERREEE R ERE MK
TRIIEE

A% A SE TR A (5] R B R B B 4 A R Y52
B RT3 PR o HEREE | mgai L
B > (ERE P el 4 BIHE] C. siamense SYCo3 »
C. tropicale ALCo2 F; C. fructicola YCCo5 HY
I 442 B 72 68.8 ~ 90.6 Kz 81.1% -~ ‘& EEH| 75 %
RSy HEFE By 10 mg ai. L7 B {85 BUF KBk
F T (5 3 e e Y B 4 2E R AU 1T 5 [ 222 21
80% DL b o DATEEGF BB » 3 #REH C. siamense
SYCo3 ~ C. tropicale ALCo2 }i C. fructicola
YCCo5 I 444 BHIHIZR 3l B 100.0 ~ 87.6 K
99.4% ° & HERIH XA HEIEEE] 100 mg ai. L'
W o {8 5 2005 R $E 50 75 R B 3 51 E A B Y
B & B R AN R 2 F] 100% [ & % IR 0F
(thiophanate-methyl) AIfE %} C. tropicale ALCo2
B4R R RANHIRZEF] 100% © 5540 0 2 T fRE
7 B P PR 2 (RO RN T R KR
15 T R bk o5 e b mT I 3 T S JE 9 B R AR 2R
R 80% DL E o sa R 8 STUUR - = H IR
(trifloxystrobin + fluopyram) 2% strobilurins 4§
SR 0 ¥ 3 TR S YR B A EH B 2 R 4 AR R A
FIRCER - E& A RIHIZIETE 25% DUT -

BEOBNRERZEEEHREAERES
SRR

HERIRL R 10 mg ad. L7 - ZEEEIRE -

R~ ]~ RIS - R TG E KSR
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2. DI EHFE 5] (TS, GAPDH, TUB2, CHS-1 } CAL) #& H f& RIEARE D M AW T8 2 15 Bkl
Colletotrichum gloeosporioides #&EFH 7 54 BIREL BT FTENE ~ B4A8f - 15 EIRA 10 BREFEEITE Colletotrichum
siamense > 4 EIREFIELE Colletotrichum fructicola > 1 EFRAE Colletotrichum tropicale (FiSEFT/N) BBk FAVEL
EAF53HT 1,000 ZXETE 2 bootstrap value » ELFIRAETAMS 2 4 HlE B -

Fig. 2. Phylogenetic tree of 15 Colletotrichum isolates collected in this study (arrowed) and 54 isolates within C.
gloeosporioides complex. The tree was built using concatenated sequences of the internal transcribed spacer (ITS),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), B-tubulin 2 (TUB?2), chitin synthase 1 (CHS-/) and calmod-
ulin (CAL) genes and analyzed by maximum likelihood method. Of the 15 isolates, 10 isolates are classified as C. si-
amense, 4 isolates are classified as C. fructicola while 1 isolate is classified as C. tropicale. Numbers above the nodes
represent the bootstrap values (1,000 replicates). Scale bar indicates the number of expected changes per nucleotide.
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3. {32 (A ~ D) Colletotrichum siamense isolate SYCo3 ; (B ~ E) Colletotrichum tropicale ALCo2 ; (C ~ F)
Colletotrichum fructicola isolate YCCo3 F4&E 1~ $5 E & A iEBAREFEEL 10d (250) B2 H% (A-C > 1FH » D-
F - &) -

Fig. 3. Colonies of (A, D) C. siamense isolate SYCo3, (B, E) C. tropicale ALCo2 and (C, F) C. fructicola isolate
YCCo5 cultivated on potato dextrose agar at 25°C for 10 d (A—C, above side; D-F, below side).

(A) (B) (©)

(D) (E) (F)

4. > (A ~ D) Colletotrichum siamense isolate SYCo3 ; (B ~ E) Colletotrichum tropicale ALCo2 ; (C ~ F)
Colletotrichum fructicola isolate YCCo5 Bk T4 i1 M T E 23 BB 2 (A-C » 3407 3 D-F o &2 5 bk
BIR =50 pm) -

Fig. 4. Conidia and appresoria of (A, D) C. siamense isolate SYCo3, (B, E) C. tropicale ALCo2 and (C, F) C. fruc-
ticola isolate YCCo5 (A—C, conidia; D-F, appresoria; scale bar = 50 um).
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M i PR AH B ] A X IH] C. siamense SYCo3 ~C.
tropicale ALCo2 J C. fructicola YCCo53 ffi ¢
HRERAETEST (R4 BEFIREFREKE
| mg ai LB (EHEH - EEHRGERE
TR R 4H T H14] SYCo3 ~ ALCo2 K2 YCCo5
SRR R RE 1% LT -

R

Colletotrichum spp.5|# 8 Y 5 JH IR
(anthracnose) fy #& fi¢ 5 B BR WAl b BR UL 1% B
FHRE > BREAERIMNENRHIR T2 —
(Hindorf 2000; Hyde et al. 2009; Ismail et al.
2015) ABERT FTaEREZ - fTRHSE

B\ B %%*ﬂ @Jﬁﬂ’FE"F%‘ HE - OKEER -
% AR - -- % (Phoulivong et al.
2010) - éE’f%’{ﬁ%b“zfr+ % ¥~ — (Hin-
dorf 2000) - A 5T B F & & U B A [F] dn i
HOMRE DESHRIERE © FTE ERRE
% Ry E e R MEE 2 A H AR - &
RILERBIR T S AL O AT - i

A FRIE IR B N Ry PR AR BV I B RN A E
o B AhEHA KLY 2,200 FEAEY) A 8 FIL R

(Rodrigues & Petrini 1997; Vieira et al. 2014;
Guarnaccia et al. 2019) » N4 B 7] £ 51
PI4H 8N & E 4 R 1S & 28 BCOE L (Petrini
1991) » HUAHFE 55 41 $1 S B0 R T ER
=3 LX!?E%Z?%%E%L??%%E o GEILEUT T
R NA S EE R 2 HEFE - 4G Phomopsis
sp. ~ Phyllosticta sp. ~ Colletotrichum sp. ~ Al-
ternaria sp. E o HpDBEBEE (Pho-
mopsis sp.) IR R & (Tsai > REKRE
- BEHFE /T RZNEER > LHE

IREUAL R 14 - Prusky (1996) W45 TR
R Z S A e ' AR - TEH R R E AT
H - EIERR RS AR B - B
THEERER RAE ﬁ%EZJ—TT“ kS A
IR DUREIETEENE - SRERAF
GBOHGRIT » B 77 i B R E SR R A
BIE R B AR S AR R M (pathogenicity) » {H £

W EEE R BREYE T (virulence) %ﬁﬁ{&ﬁéﬁ-
R ENER (K 2) - BRI - HEEE R

4. HORPIEPIZ A ZERIE A [F S R PR TS SF Y2 -
Table 4. Effect of approved fungicides for guava anthracnose on spore germination of different Colletotrichum sp.
isolates.
Germination rate (%)”
Il mgai L' 10 mga.i L'
Fungicide SYCo3 ALCo2 YCCo5 SYCo3 ALCo2 YCCoS5
Cyprodinil + fludioxonil 0.0+£00¢ 124x19e 13.0+£22e¢ 0.0£0.0f 0.0+£00c 0.0+0.0d
Kresoxim-methyl 70.1+32¢ 384+2.6cd 864+18b 257+18d 28.1+9.6a 729+6.1b
Iminoctadine 812+3.7b 394+58bcd 769+1.6c 484.£2.0b 272+64a 758+3.6D
Azoxystrobin 622+45¢c 41.6+£51bc 958=+1.1a 22.6+3.0d 365+26a 854+52a
Fluazinam 0.0+00e 02+02f 0.0+£0.0f 0.0+£0.0f 0.0+£00c 0.0+0.0d
Tebuconazole 929+1.1a 88.0+3.0a 772+33cd 0.0+0.0f 0.0+£0.0¢c 0.0+0.0d
Thiophanate-methyl 935+19a 39.1+£3.7bcd 782+2.1cd 83.7+24a 30.7+43a 629+57c¢
Metiram 91.5+20a 08+05f 79.7+33¢ 0.0+£0.0f 0.0+£00c 0.0+0.0d
Iprodione 384+49d 325+1.7d 735+ 1.4cd 125+21e 289+33a 70.8+3.1bc
Thiabendazole + oxine copper 00+0.0e 0.0+£00f 0.0+0.0f 0.0+£0.0f 0.0+0.0c 0.0+0.0d
Dithianon 0.0+00e 00+0.0f 0.0+0.0f 0.0+0.0f 0.0+£00c 0.0+0.0d
Mancozeb 692+62c 00£0.0f 72.1+3.9d 0.0+0.0f 0.0+£0.0c 4.1+£28d
Trifloxystrobin + fluopyram 67.7+1.4c 442+60b 927+18ab 36.6+28¢c 164+1.8b 899+3.1a

“ Spore germination rate = (No. of germinated spores in 0.25% glucose solution with fungicide/No. of germinated spores in 0.25%

glucose solution without fungicide) x 100%.

¥ Mean + standard error (n = 6). Means within a column followed by the same letters are not significantly different at P = 0.05 based

on least significant difference (LSD) test.
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Ji VA 0 B A A M SR EL A R PRV EUR T (viru-
lence potential) » K B AT EE N TERELL
AN LHAERY 7 05 E - B B E ARE TR
BURRA - Pk EARER > NAEEEEEZ
H A YIRS AT A g R AR 7T JL AT S
@ (Petrini 1991) > HRHEEBIREZEAN
A AR TE A (EME MR IR B (Wilson 1995) «

B R Y R IE R B AR SRR B 2
— & 1k C. gloeosporioides Penz. it 5[ #E > {H
MR SR SEEEE —EEEHE
(Phoulivong et al. 2010; Weir et al. 2012) - [/
ITS FR 7 B o 15 Gk - HER I
99% AEIME: » Ry B AR TR 43 15 & 1 P Y 25 A iR
JEJRE » {fF ITS - GAPDH ~ TUB2 ~ CHS-1
CAL B[R | B FIEEAT % BN P51 7 (Weir
etal. 2012) - &EREUR - HRIGEH OERIER
1 C. gloeosporioides 18T > EE C. siamense ~
C. fructicola ¥ C. tropicale % %/ 3 T [ JH
P B Cosiamense 5K % B0 10 i B
HRER A LR LY > B5A 4 (HEERBR C. fruc-
ticola > C. tropicale Rl & 1 {E &tk ([ 2) - C.
siamense Ty )2 1E % B 0N HE SR B B IH R 70 B
JE5: (Prihastuti et al. 2009) » JF AT HEH5 H
C. siamense fy—1{8 &7 (Sharma et al. 2015) »
BzAEEEREEBSE  LEEA—EN A
o E EFE AE (Genealogical Concordance
Phylogenetic Species Recognition; GCPSR) fif
WEZEIFE AT - At BEMAT S RIER
HrfEwE s > FlU Colletotrichum communis ~
Colletotrichum dianesei ~ Colletotrichum en-
domangiferae ~ Colletotrichum hymenocallidis ~
Colletotrichum jasmini-sambac ~ Colletotrichum
melanocaulon ;. Colletotrichum murrayae > {2
PEEEIBLEE C. siamense HI[EY)HE4 (Liu
et al. 2016) - ZETF TMARZ » FFLEVE
T A R gk S B E Y AR R 0 R
CEE - B RN - MEAT S B R
i+ FYHA# R 4E (Udayanga et al. 2013;
Hassan et al. 2018) - B C. siamense — 1% » C.
fructicola 72 1€ W Wk 5 B 77 Bl 18 15 7Y 37 7 o
JH 9% & (Prihastuti e al. 2009) » Z EH & F E
2o BEREE - R FEES > WY REIE
BMEY N4 EH (Jayawardena et al. 2016) -

rere

]

70 % 52 1

C. tropicale 55— JU i ¥t B 72 AT B 32 N 69 R
REH I (Annona muricata) FEGEIE VI
B o ALAE A 5] Gl (Theobroma cacao) T A 4H 4
Wi BEEIZ & (Rojas et al. 2010) 45 3 FfRIH
JREYEIEEIE TN C. gloeosporioides #& & 1& > TEWT
FELLECAE AT R R IER » BAMEZ LR
7 20 f& (Fuentes-Aragén ef al. 2020) » ENZE
DA S T SRR B B R S - A
Colletotrichum asianum ~ C. siamense ~ C. fruc-
ticola ~ C. tropicale ~ Colletotrichum scovillei
H o C asianum #5757 BERISE R 5 = (Wu et al.
2020) - EPEAHERIER > DLH R =250
BN SN SRR 3908 A SR e B A R
IR AR RIS - SF 2R T R -
KRB S — KT ik m it @ & A
B SR AR R R -

O EIERAYPE B AT E B REE
a o B R AT A E T BIAR B B S IEE 7y
SERIA ML ER - BIFEEERENERER
B 5 i S B B 22 T R 2 R e L TR B
A A ZERI B BB IE « DUEBRE T 2 RIE 7 IR BT
G R IIE - K 3 TR B & Pk
F TERAY R AF SERIURCHIE - SRR
SEFRERE 100 mg a.i. L7 0% > FEEGE R EFEE Y
R AT SR ] 3 fE SRR R R AR A R BERDR
[ 10 mg a.i. L7 BF > ZEHEKE - SRR
By Al REM - EEREE KR 5%
I 3 ERERE AT # 0 BEERE 1
mg a.i. L' 6§ > A A5 648 Y15 5 R 5 it B 0]
ST A 3 e SRTE R B -3 5 o M DL R EER
$ 3 T R IE A B Y IR R S e B = S -

S J7H 3 T FIE 7 B o i A EE R
A B RN R 7 A 7 S - S A R A 2 R 0 B
P & 100 mg a.i. L 0% » ¥ > C. tropicale
ALCo2 A 100% I HI K 44 & - Mm%
AR E SE B 10 mg a.i. L7 B > 8825
#30.7% ; i C. siamense SYCo3 J C. fructi-
cola YCCoS5 1FFHE {75 E% 100 mg a.i. L™
o E&RE RIS 0% » BERRE L 10
mg a.i. L™ B 07 88 2F 3R A 53 Bl By 83.7% K
62.9% - BORH BN C. siamense F C. fructi-
cola > C. tropicale ¥ H B % (7 2B A [EHY L
RN ME B A2 AR S -
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REZRFEASE - RERNEEHRE
%5 5% B methyl benzimidazole carbamate (MBC)
HEEE B 1F P S R A % 0 2B AR B-
& Z (B-tubulin) HY4H & - TRIPLEE MR EL B-
tubulin 2 FEK ERIERIZEE (E198A/G/K K
F200Y) 7 B8 (Young ef al. 2010) » HEJE 5 &
PR I EE R 2 B BT EE M AV R B A MU A BT 5%
Z5E (Ramdial et al. 2016) » H benzimidazole
FAEET A s HA TR ST A 5 = Ay B EE M b
(Cao et al. 2017) - fERVG 5} ARESS HIERK
IR E S | FERIERE (C. siamense)
¥} benzimidazole JHZERIH = LT E8 1% - BIE
B R 55 5 SE TR P 22 51 1,000 pg mL™ > %
E A E] A SR BE & 4= £ (Fuentes-Aragon et al.
2020) © BRI ZAE » ARHFEIREEL C. fructicola
TEEEEE 100 mg a.i. L' BF » S H B 25705
TR fEHMHES » HEE RS EE
1Y C. fructicola . 7H [F] 15 #Y 45 i (Han et al.
2018) = 7R E) 7 5k JH I B e 0 o] BE £ ¥ ben-
zimidazoles %5 &% 7 7 4= A [6] £ [ AU 1 82 1% -
TEPUEE M EERIS B E LR -

ARWFER ARG (in vitro) FTHIEHY stro-
bilurins JAZER| » GHEBEK 2 v Uil ~ s 68
FORGTHZ @R 45 RN E A R AN
ZH 3 T RIE R S AN B AR 25% LA -
H 78 e S8 B f k% 52 2 A d Ak st AR 1 7 3%
o MEHAREER - BYMNEHEERIEER
ML 45 BG A AR AR AV AR LBE R (alternative
oxidase; AOX) H]{f B {E A B8/ HERH strobi-
lurins JEEEMIZE LV EIER - EEEA BRI
MRS A BN ERTHSE - 55—J7H > EE
TEAREA (in vivo) RIERSN » #HEM AOX &
WAB PRI T AR AN I - AT {50 B8R 5% fe 4
% (Wood & Hollomon 2003; Kaneko & Ishii
2009) -

EN DA E S NS ER TSk WA a2 N E|
JEATETRENRE -~ BEEH MDA E
TATEITEENEBREF R - miEE - BEZ R
F RIS E S B HEER - B HEER
BRTEM  HE-UERAHEEH (i
ik EERE ~ (R Z AR - K EHE) B
A - BEH IR AT 5 H W B2 4 3B strobi-
lurins JAZERIZE £ HLEEN: - (RN REHRE

P& A HH R Bt A strobilurins JHZEH| » A BEE IE
R L T o SR Y RN

&k bPral - FAERERIERE AN REER R
IR RREBHYRE - MBS N s (R
TR o DUSE A e R (6] S e S YRR TR
Fa EEARESE - E&ER EEERER
FEREDHE T - Rt - HEEHENEHEEZE
BE O REERE R miaETEE > DIRKH
MBRENRRREERE - B9 HEE2EHECRE
FRIE R IR B R G BT S » AT A& B B AR
JHIR 2/D & C. siamense ~ C. fructicola 1 C.
tropicale %5 3 fd o H &8 F sl B 45 R &R C.
siamense ~ C. fructicola ¥t benzimidazoles $
strobilurins FHEEHIE 48 2 IR A G » 1 C. trop-
icale %f benzimidazoles 5 Z& 7] L G M: - {2 %]
strobilurins JA%ER| = NEUEL - HHIY C. siamense
T T 0 M R B B BT TEEERIRYE A
JE &+ IR PR IE R R i FH A~ 51 e S -
DRz EAE T HE YRR = -

=+5
e
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Appendix 2. GenBank accession numbers of Colletotrichum isolates collected in guava field surveys from 2019—
2020.

GenBank accession number”

Species Isolate ITS GAPDH TUB2 CAL CHS-1

C. siamense ALCol MW541841 MW583606 MW583634 MW627457 MW583619
C. tropicale ALCo2 MW541842 MW583607 MW583635 MW627458 MW583620
C. siamense ALCo3 MW541843 MW583608 MW583636 MW627459 MW583621
C. firucticola DSCol MW541844 MW583609 - MW627460 MW583622
C. firucticola SSCol MW541845 MW583610 - MW627461 MW583623
C. siamense SYCol MW541846 MW583611 MW583637 MW627462 MW583624
C. siamense SYCo2 MWS541847 MW583612 MW583638 MW627463 MW583625
C. siamense SYCo3 MW541848 MW583613 MW583639 MW627464 MW583626
C. siamense SYCo4 MW541849 MW627455 - MW627465 MW583627
C. siamense YCCol MW3541850 MW583614 MW583640 MW627466 MW583628
C. firucticola YCCo2 MW3541851 MW583615 - MW627467 MW583629
C. siamense YCCo3 MW541852 MW583616 MW583641 MW627468 MW583630
C. siamense YCCo4 MW541853 MW583617 MW583642 MW627469 MW583631
C. firucticola YCCo5 MW541854 MW583618 - MW627470 MW583632
C. siamense YCCob MW541855 MW627456 - MW627471 MW583633

“ITS: Internal transcribed spacer; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; TUB2: B-tubulin 2; CAL: calmodulin; CHS-1:
chitin synthase 1.
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Genetic Diversity and Fungicide Sensitivity of
Colletotrichum spp. Isolated from Guava Fields in
Southern Taiwan

Shuen-Huang Tsai"’, Kuan-Wen Chen’, and Chien-Jui Huang’

Abstract

Tsai, S. H., K. W. Chen, and C. J. Huang. 2021. Genetic diversity and fungicide sensitivity
of Colletotrichum spp. isolated from guava fields in southern Taiwan. J. Taiwan Agric. Res.
70(2):140-156.

Guava anthracnose is one of the important diseases of guava fruit from harvest to post-harvest.
The aim of this study is to understand the main species of Colletotrichum that currently occur in gua-
va orchards, and to investigate the sensitivity of these Colletotrichum spp. to the approved fungicides
registered for anthracnose management. From 2019 to 2020, symptomless leaves and diseased fruits
of guava anthracnose were collected from the main production areas in southern Taiwan. Fifteen iso-
lates were obtained and inoculated on ‘Zhen-chu Ba’, respectively. The results showed that wounds
are needed for most isolates to cause fruit rot symptoms, and the isolates obtained from diseased fruit
is generally more virulent than the isolates obtained from symptomless leaves. To identify the species
of collected Colletotrichum isolates, five genes including internal transcribed spacer (ITS), glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH), B-tubulin 2 (TUB2), chitin synthase 1 (CHS-1) and
calmodulin (CAL) were sequenced and a phylogenetic tree was constructed. The constructed phylo-
genetic tree indicated that guava anthracnose in Taiwan includes at least three species, namely, Colle-
totrichum siamense, Colletotrichum fructicola and Colletotrichum tropicale. The fungicide tests show
that C. siamense and C. fructicola are generally insensitive to benzimidazoles and strobilurins, while C.
tropicale is sensitive to benzimidazoles but it is not sensitive to strobilurins. Comparing with the other
two Colletotrichum spp., C. tropicale has a different sensitivity to benzimidazoles. In addition, at con-
centration of 100 mg active ingredient per liter, iminoctadine and mancozeb can completely inhibit
the mycelial growth of the three Colletotrichum spp. thiabendazole + oxine copper and dithianon can
significantly inhibit the germination of the spores among three Colletotrichum spp. The above results
can provide farmers a reference for integrated pest management of anthracnose in the field.

Key words: Guava (Psidium guajava L.), Colletotrichum spp., Phylogenetic analyses, Fungicides
sensitivity test.
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