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Research Article

Evaluation of Flower Thinning Applied to Yardlong Bean

Production

Chen-Yu Lin', Ya-Suie Hwang’, Hsiang-I Lee', Hui-Ling Lo’, and San-Tai Wang"’

Abstract

Lin, C. Y., Y. S. Hwang, H. I. Lee, H. L. Lo, and S. T. Wang. 2017. Evaluation of flower
thinning applied to yardlong bean production. J. Taiwan Agric. Res. 66(4):267-275.

Due to fungal infection, using fungicide on yardlong bean during the harvest period is unavoid-
able. Application of fungicide caused fungicide residue on mature pods, as a result, the pods could not
meet the recommended standards for edible period. In this study, we used flower thinning technique
by spraying fungicide at juvenile pod stage instead of mature pod stage. The influence of flower thin-
ning on yield of yardlong bean was evaluated. The results demonstrated that accumulative yield of 7-d
interval of flower thinning treatment was significantly higher than 10-d interval. Hand thinning stim-
ulated flower formation. The weekly yield of flower thinning treatment showed no significant differ-
ence compared to no thinning treatment. The trial attempted to improve hand flower thinning practice
for saving labor cost. In consideration of food safety, organic materials were used as flower thinning
agent in this study. The flowers dropped or delayed growth without leaves burning after treating or-
ganic material B. Phosphorus acid and potassium hydroxide mixture could effectively substitute hand
flower thinning in yardlong bean production. However, the efficacy of flower thinning was affected
by climatic interference in the field such as rain. The results indicated that the better ratio of phospho-
rus acid to potassium hydroxide was 1 : 0.7 and the mixture had a potential to use as flower thinning

agent.

Key words: Yardlong bean, Flower thinning, Yield, Phosphorus acid, Potassium hydroxide.

INTRODUCTION

Yardlong bean (Vigna unguiculata ssp.
sesquipedalis) is a climbing crop and harvest
daily in the field. In recent years, the public
concern about food safety and chemical res-
idue in yardlong beans. Continuous harvest
encounters a great difficulty in control of fun-
gicide residue on mature pods during harvest

period. Because of a continuous harvest, appli-
cation of fungicide damages food safety when
yardlong bean approaching to maturity. Based
on the current guideline, the shortest harvest
period for a safe product is 3 d after fungi-
cide spraying. However, yardlong bean forms
flower and pods daily, obeying this guideline
means no harvest and no income for farmers
during the 3-d period. Moreover, previous
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literature indicated that yield varied in differ-
ent productive seasons and disease pressure
(Coker et al. 2007). The aim of this technique
is to create a spraying time in the juvenile pod
stage. By this technique, farmer could avoid
these unsafe periods until pods reach maturity.
Therefore, we interrupted pod generation daily
by flower thinning technique and evaluated the
impact on the yield of yardlong bean.

Flower thinning techniques have been
applied to several fruit crops such as loquat,
blueberry and apples (Razeto et al. 2003;
Williamson & NeSmit 2007; Hehnen et al.
2012). Previous reports demonstrated that
flower thinning increased the quality and yield
in kiwifruit (Pescie & Strik 2004) and peach
(Sauerteig & Cline 2013). Most flower thin-
ning techniques were used on fruit crops. For
continuous harvest crop, hand thinning was
not economical for farmer’s practice. However,
hand thinning of flowers provided useful in-
formation on yield evaluation of yardlong bean
in this study. Several chemical thinning agents
have been identified to decrease fruit number
such as ammonium thiosulfate, potassium thio-
sulfate, hydrogen cyanamide, and naphthalene
acetic acid (Razeto et al. 2003; Mili¢ et al.
2011; Kacal & Koyuncu 2012). The appro-
priate application time and concentration of
chemical thinning agents are important factors.
These skills determined fruit growth and qual-
ity (Razeto et al. 2003; Pescie & Strik 2004;
Fukuda ez al. 2015). However, yardlong bean
growth characteristic was significant different
with fruit crops. The proper interval of flower
thinning treatment needs to be modified during
continuous harvest periods. On the other hand,
the chemical thinning residue was unfavorable
and inedible. Therefore, this trial sought for
safe flower thinning material as an alternate
strategy.

The flower drop phenomenon occurred
after rain in the Meinong district of Kaohsiung
City in Taiwan. This possibility of flower drop
caused by acid rain in Kaohsiung area inspired
us to have the idea of thinning flowers with

oot 4

acid agent. Phosphorus acid was chosen in this
trial in consideration of organic cultivation.
Neutralized phosphorus acid has been used in
organic cultivation and protects plants from
pathogens by inducing plant systemic resis-
tance (Guest 1984; Panicker & Gangadharan
1999; McDonald et al. 2001; Choudhary et
al. 2007; Keinath & DuBose 2012). Related
reports demonstrated the efficiency of phos-
phate salts by foliar sprays on foliar diseases
(Reuveni et al. 1996; Walker 1998). However,
there is no literature on using phosphorus acid
as flower thinning agent in yardlong bean pro-
duction. This innovative study attempted to
evaluate the feasibility of flower thinning by
hand and phosphorus acid. The objectives of
this study are (1) to assess a better interval of
hand flower thinning time, (2) to investigate
the effect of row spacing on the yield of hand
flower thinning treatment, and (3) to evaluate
the efficacy and yield by using organic flower
thinning agent.

MATERIALS AND METHODS

Three trials were conducted in the field
at Fengshan Tropical Horticultural Experi-
ment Branch, Taiwan Agricultural Research
Institute, Kaohsiung, during the fall of 2012
to 2014, respectively. Seeds of yardlong bean
cv. ‘San-Tse-Chin-Pi’ used in this study were
obtained from farmer of Ligang Township.
Seeds were immersed with 42°C water for 2 h
to improve germination rate before sowing in
50-well pots (4.5 cm in diameter and filledll
with peatmoss). Seedlings were transplanted
to field 14 d after sowing. The effect of flower
thinning spraying interval on yield was as-
sessed in trial 1. The targets of flower thinning
were blooming flowers and thinned by hand
on the same day. Application of two flower
thinning intervals (7- and 10-d intervals) were
compared with a non-treated control. Yard-
long beans planted along rows with 40 cm
between plants and the density was 8 plants
per 10 m®. Three treatments were compared
in this trial, including (1) no flower thinning
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(control check), (2) flower thinning at 7-d
interval, and (3) flower thinning at 10-d inter-
val. Trial was randomized completely block
design (RCBD) with eight plants in each rep-
licate and three replicates for each treatment.
To evaluate the influence of flower thin-
ning under different planting densities, yield of
two rows with spacing 40 cm and 80 cm were
investigated in trial 2. Yardlong bean planted
in a single row for each of densities, 8 plants
per 10 m* and 4 plants per 10 m’, respectively.
Four treatments were compared in this trial,
including (1) no flower thinning with 40 cm
between plants, (2) no flower thinning with 80
cm between plants, (3) flower thinning with
40 cm between plants, and (4) flower thinning
with 80 cm between plants. The trial was ran-
domized completely block design (RCBD) with
10 m’ area of each replicate and three repli-
cates in each treatment. This trial concerned
about the production loss caused by the elim-
ination of flower. Flower thinning treatments
were carried out by hands and calculated the
number of eliminated flowers weekly.
Development of labor-saving strategies
for improving flower thinning was the main
objective for trial 3. We used phosphorus acid
and potassium hydroxide in different ratios to
evaluate the efficiency of flower thinning on
yield. Two ratios of phosphorus acid and potas-
sium hydroxide were used as organic material
A and organic material B. The ratios of organic
material A to B were 1 : 0.6 and 1 : 0.7, and
pH were 2.3 and 4.3, respectively. Four treat-
ments were compared in this trial, including
(1) no flower thinning as a control, (2) flower
thinning by hand, (3) organic material A, and
(4) organic material B. A period of three days
after spraying fungicide was recommended for
conventional harvest period in yardlong bean.
Therefore, this trial simulated safe yardlong
bean production and assessed harvest pods
weekly. Seeds of yardlong beans were plant-
ed in double rows with 40 cm between plants
and the density was 16 plants per 10 m’. The
trial was randomized completely block design

(RCBD) with 10 m” area of each replicate and
three replicates for each treatment.

RESULTS AND DISCUSSION

Continuous harvest crops like yardlong
bean are harvested almost daily. It means that
fungicide will remain on the mature yardlong
bean. In this study, we attempted to create a
fungicide spraying opportunity in juvenile
pod stage after flower thinning. Several days
after spraying, these juvenile pods become ma-
ture and could avoid from fungicide residue.
However, the method is highly questioned and
concerned about yield loss. We focus on the
influence of yield by flower thinning.

Days required from flowering to pod ma-
turity of yardlong bean cv. ‘San-Tse-Chin-Pi’
are between 7 to 10 d during spring to summer
in Kaohsiung area. According to pods forming
period, we evaluated the influence of flower
thinning interval on accumulated yield in tri-
al 1. The result showed a better accumulated
yield at 7-d interval compared to10-d interval
in the previous five weeks (Fig. 1). The accu-
mulated yield of flower thinning at 7-d interval
treatment was also better than no thinning con-
trol during the third to fifth week. According
to this result, 7-d interval of flower thinning
was performed in subsequent trials.

Farmers concerned about the yield drop
after eliminating the flowers by flower thin-
ning. Previous report indicated that mechanical
and hand blossom thinning decreased fruit set
(Sauerteig & Cline 2013), but increased mar-
ketable yield (Pescie & Strik 2004). Another
literature demonstrated that one or two flower
thinnings performed well in fruit trees (Heh-
nen et al. 2012). Different from fruit trees,
yardlong bean belongs to continuous harvest
crop having successive flowering and pod for-
mation almost daily. This study investigated
the influence of several times of flower thin-
ning on yield. In trial 2, flower thinning was
conducted in two row spacings, 40 cm and 80
cm. Flower number, elimination amount and
yield were calculated and compared weekly.
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12

I No flower thinning
1 Flower thinning/7-d
Flower thinning/10-d

-
o

Accumulated yield (kg 10 m?)
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Time (wk)

Fig. 1.
the standard error of the mean (SE).

The flower thinning treatments showed a bet-
ter flower formation weekly (Figs. 2A-2B).
The total number of flowers of thinning treat-
ment was significantly higher compared to no
flower thinning treatment during the fourth
to sixth week in 40 cm spacing. On the oth-
er hand, the weekly yield of flower thinning
treatments showed no significant difference
except the fourth to fifth week in 40 cm spac-
ing compared with no thinning treatment (Fig.
3A). Moreover, compared to the accumulated
yield in 40 cm spacing, flower thinning treat-
ment was significantly higher than no flower
thinning during the fourth to eighth week (Fig.
3B). Fukuda ef al. (2015) indicated that flower
thinning increased fruit number and quality in
peaches. This study showed the relationship
between flower number and yield. In general,
the accumulated yield of flower thinning in
plant spacing of 40 cm treatment was signifi-
cantly higher than that of 80 ¢cm treatment.
We speculate that such a result was caused by
the double plant density and the competition
of growing space. Results of this trial suggest
that flower thinning technique could be per-

Influence of different flower thinning intervals on the accumulated yield of yardlong bean. Error bars show

formed in row spacing of 40 cm. Flower thin-
ning at 7-d interval obviously increased flower
amounts and total yield.

Flower thinning technique was performed
by hands in the previous trails. However, this
technique required more labor and could not
meet farmers’ demand. Use of flower thin-
ning agents may be a better choice to reduce
the labor cost. Previous report indicated that
application of gibberellic acid with a suitable
concentration increased fruit weight and yield
(Gonzélez-Rossia et al. 2006), and reduced
the number of flowering buds (Giovanaz et al.
2016). In consideration of continuous harvest
and food safety, we were looking forward to
seeking a flower thinning method with similar
production, but without thinning, to reduce
labor cost. In trial 3, we sought a convenient
method to eliminate flowers and save the la-
bor cost. The mixture of phosphorus acid and
potassium hydroxide with different ratios were
evaluated to eliminate flowers in this study.
The accumulated yield showed significant dif-
ference after treated for four weeks. Flower
thinning treatments either by hand or organic
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Fig. 2. Number of weekly flower formation in row spacing of 40 cm (A) and 80 cm (B). Error bars show the stan-

dard error of the mean (SE).

materials showed a better accumulated yield
than no flower thinning treatment (Fig. 4A).
The definition of safe and edible pods are
pods harvested 3 d after spraying fungicide. In
such a way, pods can be harvested four times a
week. Simulation of weekly safe yield can be
deducted from unsafe harvest period (Fig. 4B).
The efficacy of organic materials on flower
thinning was similar to hand flower thinning.
Compared to weekly safe yield, although there

were significantly different in most weeks
except the fourth week, organic material treat-
ments showed a better trend than no flower
thinning treatment, implying more income for
farmers. According to this trial, two organic
materials A and B showed slightly different in
eliminating flower patterns. After spraying or-
ganic material A, flowers dropped and leaves
burned. The results were similar to ammoni-
um thiosulfate or potassium thiosulfate. Both
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14
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I No flower thinning (40 cm)
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Fig. 3. Effect of hand flower thinning on weekly yield (A) and accumulated yield (B) in different row spacings. Er-

ror bars show the standard error of the mean (SE).

have been used as commercial flower thinning
agents (Mili¢ ef al. 2011). On the other hand,
the organic material B treatment showed flow-
er drop and delay of partial flower develop-
ment. This phenomenon was similar to the de-
lay of flower bud differentiation by gibberellin
sprays (Garcia-Pallas ez al. 2001). Results
of this trial suggest that organic materials B
was a better labor saving choice although the

mechanism of flower thinning was indefinite.
We surmise that acid materials induce flowers
drop or inhibit flower development after spray-
ing on plant. Moreover, the efficacy may be
related to climatic factor such as rain and the
suitable concentration of flower thinning agent
needs an adjustment.

Overall, the results revealed that flower
thinning in yardlong bean would maintain ac-
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20

I No flower thinning

Organic material A
15 | EEE Organic material B

1 Hand flower thinning

(A)

Accumulated yield (kg 10 m™)

Time (wk)

Fig. 4. Effect of different flower thinning methods on accumulated yield (A) and weekly safe yield (B). Error bars

show the standard error of the mean (SE).

cumulated yield and stimulate the formation of
flowers. These trials solved the farmer’s doubt
about yield reduction. This study demonstrated
that 7-d was the best flower thinning interval
under row spacing of 40 cm. Hand flower thin-
ning showed a better flower formation. The
mixture of phosphorus acid and potassium hy-
droxide saved the labor cost of flower thinning
and may be a potential technique in future.
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A Method for the Specific Detection of Phomopsis destruens

in Sweet Potato by PCR
Ching-Yi Lin', Chiao-Wen Huang', Hong-Ren Yang®, Su-Yu Lai’, and Hui-Fang Ni*’

Abstract

Lin, C. Y., C. W. Huang, H. R. Yang, S. Y. Lai, and H. F. Ni. 2017. A method for the
specific detection of Phomopsis destruens in sweet potato by PCR. J. Taiwan Agric. Res.
66(4):276-285.

Foot rot caused by Phomopsis destruens (Harter) Boerema is a major concern for sweet potato
production in Taiwan. The conventional methods for the identification of P. destruens are based on
culture isolation and morphological analyses, but they are time-consuming and often inconclusive.
To assist in a rapid and specific detection of the infection, a polymerase chain reaction (PCR) assay
was developed to detect the pathogen from DNA extracted from fungi and plant tissues, respectively.
Internal transcribed spacer (ITS) regions of the ribosomal DNA (rDNA) from P. destruens isolates
were used for the specific primers design. The amplification of expected 298 bp PCR products was
obtained in all P. destruens isolates, but not for other fungal isolates from sweet potato storage roots
including Lasiodiplodia theobrome (B2225), Phomopsis sp. (Ph735), Rhizopus sp., Athelia rolfsii (Sc-
3) and Fusarium sp. (Fu245). The PCR assay with the primers could detect 1 ng of DNA template. To
enhance the sensitivity of detection, a nested PCR was performed and the detection limit was raised
up to 10 pg. In addition, the primers proved efficient in detection of the pathogen in stems and storage
roots of infected sweet potato. Positive detection was observed in 93% of the naturally infected stems
of sweet potato, a rate which constituted a significant improvement in the identification of P. destru-
ens in sweet potato as compared to conventional methods. These results indicated that the new PCR
assay provided a rapid, specific and reliable diagnosis tool for the detection of sweet potato foot rot

pathogen.
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INTRODUCTION

Sweet potato (I[pomotea batatas L.) grows
in tropical and subtropical regions and belongs
to the family Convolvulaceae. It ranks as the
world’s seventh most important food crop after
wheat, rice, maize, potato, barley and cassa-
va (Food and Agriculture Organization of the

United Nations 2011). Sweet potato is an im-
portant crop in Taiwan, accounting for a total
planted area of 9,819 ha in 2015, and is mainly
cultivated in Yunlin County and Changhua
County (http://www.afa.gov.tw/Public/Grain-
Statistics/2016526104225334.pdf). The most
popular sweet potato cultivars for tube produc-
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tion are ‘Tainung 57 (‘TNG 57°) and ‘Tainung
66> (‘'TNG 66°), while the sweet potato culti-
vars of ‘Tainung 71’ (‘TNG 71’) and ‘Taoyuan
2’ (‘TAY 2’) are consumed as a leafy vegetable
(Hsing et al. 2000; Lai et al. 2000).

Sweet potato is susceptible to a wide
range of pests and pathogens, the effects of
which can cause substantial economic loss.
Some of these pests and pathogens have been
reported in Taiwan, including bacterial wilt
(Ralstonia solanacearum), scab (Elsinoe
batatas), stem rot (Fusarium oxysporum f.sp.
batatas), soft rot (Rhizopus stolonifer), Java
black rot (Lasiodiplodia theobromae), foot
rot (Phomopsis destruens), witches’ broom (a
mycoplasma-like organism), and virus diseases
(Hsu et al. 2002; Chen et al. 2012; Huang et
al. 2012; Shen et al. 2013; Huang et al. 2016).

Foot rot of sweet potato was first observed
in the vicinity of the Dismal Swamp region of
Virginia of U.S.A. in 1912, with almost 95%
of the sweet potato plants in the area having
been infected (Harter 1913a, 1913b; Harter &
Weimer 1929). In Brazil, foot rot has been a
destructive disease of sweet potato, with yield
losses from the disease reaching as high as
80% (Lopes et al. 1994). Although the disease
has been observed elsewhere in the world for
more than ten decades, it was first observed in
Taiwan from 2008 through 2011 (Huang et al.
2012), during which time it became a major
concern of sweet potato producers. In those
years, the disease incidence reached as high
as 64% and resulted in considerable economic
losses in Taiwan (Huang ef al. 2012).

The symptoms of the disease on an in-
fected sweet potato include black stem lesions
at the soil level, vine wilting, storage root rot
and, finally, plant death due to girdling of the
base of the stem. Several plant diseases such
as fusarium wilt and fusarium root rot show
similar symptoms. The conventional methods
used to identify pathogens often rely on vi-
sual symptoms, culturing isolation and mor-
phological characteristics, and these methods
are time-consuming and often inaccurate. In

addition, P. destruens is a slow-growing fun-
gus that may take at least 21d to produce a
noticeable colony with a diameter of 8.5 cm on
a culture medium at 25°C (Huang et al. 2012),
and often resulting in a lack of clarity in iden-
tification due to the simultaneous growth of
other nonpathogenic fungi that cover the colo-
ny of P. destruens. Therefore, it is necessary to
develop a rapid and specific detection method
for P. destruens that can facilitate the screen-
ing of sweet potato samples.

A rapid and specific detection and identi-
fication method is required for plant pathogen
diagnosis and disease management. Molecular
techniques based on polymerase chain reaction
(PCR) amplification offer a specific and fast-
er means of pathogen diagnosis (Ferrer et al.
2001; McCartney et al. 2003; Rickerts et al.
2007), and PCR-based methods for identifying
Phomopsis spp. from plant tissues have previ-
ously been reported (Shishido er al. 2010; Ja-
yaramaiah et al. 2013; Shirahatti ef al. 2015).
However, none of those methods are available
for P. destruens. As such, the objective of this
study was to develop a rapid and specific PCR-
based identification method for detecting the
presence of P. destruens within sweet potato
tissue.

MATERIALS AND METHODS

Plants and fungal materials

Six fungi commonly found in sweet potato
were selected to test the new set of specific
primers. All the fungi including three isolates
of P. destruens (SPPD-1, 5, and 7, which were
isolated from Chiayi County, Changhua Coun-
ty and Nantou County in Taiwan, respectively),
Lasiodiplodia theobrome (B2225), Phomopsis
sp. (Ph735), Rhizopus sp., Athelia rolfsii (Sc-
03) and Fusarium sp. (Fu245) were lab collect-
ed and cultured separately on potato dextrose
agar (PDA) mediun. The sweet potato plants
naturally infected with P. destruens were ob-
tained from a field in Chiayi County, Taiwan.




278 H R SE S

DNA extraction

The mycelia of P. destruens (SPPD-I,
5, 7), L. theobrome (B2225), Phomopsis sp.
(Ph735), Rhizopus sp., A. rolfsii (Sc-03) and
Fusarium sp. (Fu245) were grown in potato
dextrose broth (PDB) at 25°C for 7 d, respec-
tively. The mycelia of the different types of
fungi were then harvested by centrifugation
(2,500x g for 5 min). The genomic DNA was
extracted from these samples using a commer-
cial MasterPure yeast DNA purification kit
(Epicentre, Madison, WI) according to man-
ufacturer’s instructions. The extracted DNA
from the fungal cultures was then quantified
spectrophotometrically at OD260/280 nm with
ratios between 1.7 to 1.8, and the sensitivity
of the specific primers was evaluated by PCR
amplification with serial diluted concentra-
tions (100 ng—10 fg) of purified genomic DNA
isolated from the fungal samples as described
previously.

A NaOH-based method was used for plant
DNA extraction. Basically, the NaOH ex-
traction followed the protocol of Wang et al.
(1993) with some modifications. The diseased
tissue (0.2 cm x 1 ¢cm) of sweet potato was ho-
mogenized using a sterilized plastic pestle in a
microcentrifuge tube with 150 ul 0.5 N NaOH.
The samples were centrifuged at 16,200x g for
5 min and the supernatant was diluted 1:10 in
100 mM Tris-HCI (pH 8).

Primer design

The 18S rRNA gene sequences of P. de-
struens (accession no. JN848791, JX421687
and JX421688), and two other pathogens of
sweet potato including L. theobrome (B2225)
(accession no. KX345935) and 4. rolfsii (Sc-
03) (accession no. KX186998), and one fungus
commonly isolated from sweet potato: Fusari-
um sp. (Fu245) (accession no. KX345936) was
obtained from the NCBI GenBank database and
aligned to determine the pattern of sequences.
The specific primers for foot rot of sweet po-
tato were designed based on the regions that
were conserved in the P. destruens isolates,

oot 4

but not conserved with other fungi. The spe-
cific primers for P. destruens were SPPD-3F:
5-TCTCTGCTGAGGCCCCCCGGAGA-3’ and
SPPD-3R: 5~ AAGGCAGTGCCCCATCAC-
CAAGCCAG-3". The fungal ribosomal 18S
rRNA gene and internal transcribed spacer
(ITS) region with primer binding locations are
shown in Figure 1.

PCR amplification

The PCR reaction was performed in 25 pL
volumes containing 1 pL of the DNA, 5 pL 5x
PCR reaction buffer, 1.25 mM dNTPs, 7.5 mM
MgCl,, 5 pmol of each primer (SPPD-3F/SP-
PD-3R) and 0.75 U Tag DNA polymerase (Pro-
tech, Taiwan). PCR amplification was carried
out in a thermal cycler (SensoQuest LabCycler
011-101, Gottingen, Germany) with initial
denaturation at 94°C for 4 min, followed by 30
cycles of denaturation at 94°C for 20 s, anneal-
ing at 60°C for 30 s and extension at 72°C for 40
s. The thermal cycles were terminated by a fi-
nal extension at 72°C for 7 min. Ten microliters
of PCR products were separated by electro-
phoresis in 2% agarose gel in 0.5 TBE buffer.
Gels were photographed under UV light. For
nested PCR, the universal primers ITS1/ITS4
(White et al. 1990) were used in a first-round
of fungus-specific amplification. The resulting
PCR products were diluted 1/100 with 1x Tris
EDTA (TE) buffer and subsequently used as
template DNA in a second PCR amplification
using the specific primers SPPD-3F/SPPD-3R.

A comparison of methods for the diagnosis
and identification of P. destruens

The sweet potato plants showed the symp-
tom of vine blackening around the soil level,
and the black pycnidia produced near the
surface of the naturally infected vines were
collected as samples for the identification of
the presence of P. destruens by developed
PCR-based method and the traditional method
of using the medium to isolate fungi from the
diseased tissue. The PCR-based method was
performed as described previously. For the
traditional method, the fresh diseased vines
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ITS1 SPPD-3F SPPD-3R ITS4
- — «— «—

ITS1 ITS2
18S rRNA 5.8S rRNA 28S rRNA

_ ~ 580bp
298 bp

(1) TCCGTAGGTGAACCTGCGGAAGGATCATT THGEEECEcc-cANEEE T Mg TCHEA

(1) TCCGTAGGTGAACCTGCGGAAGGATCATT T TAT GAA ITTGTGC IGT ATGAATATTGCAT TG
(1) TCCGTAGGTGAACCTGCGGA GGATCATTEECGHEEN---------—--—- TT--AfA

(1) TCCGTAGGTGAACCTGCGGA GGATCATTG lGG ————— AEEECESC CCAI T

(79) --G-CjjcT-GIMGE | ——————————————— Beg--------- ggee----------------- - -

(81) cECACECT-GGAGC ATI-\AT ATACA GAACCAICTITAGTCAGG TCCT ACTATGIT ACCCT T T
(65) --C-CACTTG GCC —————— c c ——————— CGGGAG-----

(74) T@c-cacT-ccec c GGCCGG \ CGCEBEGE----- c c GHc

SPF’D 3F (forward primer) —

(112) ClTfcA-----—-------—- AAC——TCCAITCAG.AAA CGTCTGAT AfcEBG------ AAC
(161) A CT ATTGTATGTTACATAGAACGATC CATA GAAA T | TCTGAC AGTTT TCTTA T AAA AA
(124) BHCEBECEA------—--------— AAC--TC C A C TCTGA T ————— TAAA —CA
(147) CCAACCA ——————————————— aac--TcliT lCTCTGA AAAC—— TAAA GAA -ca
(169) BAACTTTCAACAACGGATCTCTTGGETCTRGCATCGATGARGAACGCAGCJllAATGCGATAAGTAATGTGAATTGCAGAA
(241) CAACTTTCAACAACGGATCTCTTGGCTCTTGCATCGATGAAGAACGCAGCHGAATGCGATAAGTAATGTGAATTGCAGAA
(180) BAACTTTCAACAACGGATCTCTTGGTCTRGCATCGATGAAGAACGCAGCAAATGCGATAAGTAATGTGAATTGCAGAA
(207) AACTTTCAACAACGGATCTCTTGGTCTRGCATCGATGAAGAACGCAGC AATGCGATAAGTAATGTGAATTGCAGAA
(249) THCAGTGAATCATCGAATCTTTGAACGCACTTGCGCCCC GTATTC G GGGCATGCCTGTTRGAGGTCATTA--
(321) TCCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCCCI GTATTC GGGCATGCCTGTTTGAGAGTCATTAAA
(260) TCAGTGAATCATCGAATCTTTGAACGCAC TTGCGCCCGCCAGTATTCTG CGGGCATGCCTGTTRGAGRGTCATTR--
(287) THCAGTGAATCATCGAATCTTTGAACGCACHTTGCGCCCcllcTAaTTCRGAGGGCATGCCTGTTRGAGGTCATT
(328) ----canccfr-canf------------- cr@rccrrcca-ATiEG------- GElcBcrcclicfcice AIG.———C
(401) TTCTCAACCTTACAAATTTTTGTATTTGTC AIGCTTGGAT TGAGAGTTGCTGGT AGA TA TCT CTGGC cTC
(339) ----CAACCHT-CAAR------—------- AGCTTGG -BrEfc------- GAC ————— T-C
(366) ----CAACCQT-cAAf------------- CT [GCTTGGHGATGEG------- CTG T TAA.GGG AGGCC

< SPDR 3R (reverse pnmer)

Fig. 1. Schematic of the fungal ribosomal 18S rRNA gene and ITS regions. (A) The positions of primers and the
sizes of amplified fragments are indicated. ITS, internal transcribed spacer region; (B) Sequence alignment of Pho-
mopsis destruens and other three sweet potato fungi [Lasiodiplodia theobrome (B2225, accession no. KX345935),
Fusarium sp. (Fu245, accession no. KX345936) and Athelia rolfsii (Sc-03, accession no. KX186998)]. The positions
and sequences of the primers are indicated as boxed and bold capital letters.

were surface-sterilized with 75% ethanol and of P. destruens and the other three sweet po-
cut with a sterile scalpel into approximately tato fungi [L. theobrome (B2225), Fusarium
3 mm pieces. Surface-sterilized vine cuttings sp. (Fu245) and 4. rolfsii (Sc-03)], the spe-
were then transferred onto the PDA medium cific primers for P. destruens SPPD-3F (loca-
containing 0.25% lactic acid and incubated  tion: nt 103-125 of P. destruens accession no.
at 250C until fungal hyphae emerged from the  JN848791) and SPPD-3R (location: nt 375-400
plant tissue. Based on morphological differ-  of P destruens accession no. IN848791) were
ences (such as difference in the color and selected and used (Fig. 1B). The SPPD-3F/

shape of mycelia), fungal cultures were picked

SPPD-3R primer pair was predicted to yield a

and cultured on PDA plates. PCR product of 298 bp (Fig. 1A)

Primer design

RESULTS PCR specificity evaluation

To determine whether cross-amplification
would occur, DNA samples from other fungi of

After alignment of the conserved regions sweet potato including L. theobrome (B2225),
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Phomopsis sp. (Ph735), Rhizopus sp., A. rolf-
sii (Sc-03) and Fusarium sp. (Fu245) were
tested for the primer set. The results indicated
that the 298 bp fragment was amplified with
the primers SPPD-3F/SPPD-3R from all three
isolates of P. destruens. No amplification frag-
ment was observed with the genomic DNA
isolated from the other five fungi (Fig. 2). The
specificity of the 298 bp fragments produced
was verified by direct DNA sequencing, and
the fragment was matched with the P. destru-
ens DNA sequences (data not shown).

PCR sensitivity evaluation

The sensitivity was evaluated using two
PCR-based methods. The genomic DNA was
extracted from fungal cultures and diluted
subsequently. For PCR amplification with the
primers SPPD-3F/SPPD-3R, the sensitivity
was found to range from 1 ng to 100 pg (Fig.
3A). For nested PCR, the universal primers
ITS1/ITS4 were used in the first PCR ampli-
fication and followed by the specific primers
SPPD-3F/SPPD-3R of P. destruens. The result
indicated that the sensitivity was thereby im-
proved to 10 pg (Fig. 3B).

Detection of P. destruens in sweet
potato by PCR

DNA was extracted from infected root tu-

1kb —

0.5kb —

Fig. 2.

oot 4

bers and vines of sweet potato using a NaOH-
based method and then used as the template
for PCR with the specific primers SPPD-3F/
SPPD-3R. The 298 bp PCR fragment was ob-
served in all the tested infected samples (Fig.
4).

A comparison of methods for diagnosis
and identification of P. destruens

Two methods, one of which consisted of a
PCR-based detection method with the specific
primers SPPD-3F/SPPD-3R and the other of
which was a conventional method consisting of
fungi culture isolation, were utilized to evalu-
ate the efficiency of diagnosis and identifica-
tion of P. destruens. In each experiment, 18 or
19 samples out of 20 tested plant tissues (Fig.
5A) showed a positive reaction in PCR detec-
tion with the primers SPPD-3F/SPPD-3R. On
average, the presence of P. destruens was de-
tected in 18.6 of 20 plant tissues (93%) (Table
1). For the conventional method of using the
medium to isolate fungi from the plant tissues,
the orange-yellow color hyphae of P. destruens
emerged for 4 to 11 out of the 20 tested plant
tissues (Fig. 5B), and the fungal cultures were
isolated and cultured on PDA plates (Fig. 5D).
On average, P. destruens isolates were isolat-
ed from 7.3 of 20 plant tissues (38%) (Table
1). Colonies of non-target fungi such as sapro-

Specificity of PCR amplification by primers SPPD-3F/SPPD-3R from various samples of genomic DNA.

Genomic DNA was extracted from the fungal mycelia of sweet potato fungi and amplified with specific primers for
foot rot of sweet potato. Lanes 1-3, Phomopsis destruens SPPD-1, 5, and 7; lanes 4-8, Lasiodiplodia theobrome
(B2225), Phomopsis sp. (Ph735), Rhizopus sp., Athelia rolfsii (Sc-3) and Fusarium sp. (Fu245); lane 9, negative con-

trol (without genomic DNA); M, molecular weight markers.
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(A)

1kb —

0.5kb —

(B)

1kb —

0.5kb —

Fig. 3. Sensitivity of PCR amplification at the DNA level using 10-fold dilutions of Phomopsis destruens DNA. (A)
Genomic DNA was extracted from the mycelia of Phomopsis destruens and amplified with the specific primers SP-
PD-3F/SPPD-3R; (B) Nested PCR using the ITS universal primers ITS1/ITS4 was followed by the specific primers
SPPD-3F/SPPD-3R. Lane 1: 100 ng; lane 2: 10 ng; lane 3: 1 ng; lane 4: 100 pg; lane 5: 10 pg; lane 6: 1 pg; Lane 7:
100 fg; lane 8: 10 fg; M, molecular weight markers.

1kb —

0.5kb —

Fig. 4. Detection of Phomopsis destruens in sweet potato samples using the specific primers SPPD-3F/SPPD-3R. The
DNA from the root tubers or vines of infected sweet potato plants was extracted with NaOH, and then used as the tem-
plate for PCR. Lanes 1-3, the DNA from the infected sweet potato storage roots; lane 4, the DNA from healthy sweet
potato storage roots; lanes 5—7, the DNA from the infected sweet potato stems; lane 8, healthy sweet potato stem; M,
molecular weight markers.

phytic fungi were also observed on the residue PD-3F/SPPD-3R were designed according to
of the culture plates (Fig. 5C). the ITS region sequences of P. destruens and
were evaluated to develop a rapid and specific
PCR method for detection of P. destruens. The

DI ION
SCUSSIO results indicated that the developed PCR meth-
In this study, the specific primers SP- od could specifically and effectively detect the
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Fig. 5. Isolation of Phomopsis destruens from sweet potato with conventional method. (A) Sweet potato with foot rot
symptoms; (B) Phomopsis destruens isolation on a lactic acid PDA (APDA) medium, with the arrow indicating a fungal
colony of Phomopsis destruens; (C) Phomopsis destruens isolation on an APDA medium, but with the colony covered
with non-pathogen fungus; (D) Pure culture of Phomopsis destruens on a PDA medium.

Table 1. Detection of Phomopsis destruens in sweet potato plants using different methods.

No. of detected samples

Experiment No. N PCR method” Conventional method"
1 20 18.0 10.0

2 20 18.0 7.0

3 20 19.0 11.0

4 20 19.0 6.0

5 20 19.0 4.0

avg. 20 18.6 (93%) 7.6 (38%)

“ N, the number of sweet potato test samples with symptoms.
¥ Positive reaction in PCR amplification with specific primers SPPD-3F/ SPPD-3R.
* Phomopsis destruens was culture-isolated on PDA mediums.

presence of P. destruens from pure culture as ic detection, ribosomal DNA (rDNA) sequenc-
well as from symptomatic sweet potato tissues es such as the translation elongation factor 1-a
and could provide a rapid and reliable diagno- (EF1-0) gene (Shirahatti et al. 2015) and ITS
sis tool for sweet potato foot rot pathogen. region sequences have been used for fungal

For PCR-based methods of species-specif- species-specific detection, and the ITS se-
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quences are widely utilized due to their charac-
terization to the species level (Terashima et al.
2002; Zhao et al. 2007; Shishido et al. 2010;
Santos et al. 2011). Therefore, the ITS regions
of P. destruens was utilized to construct the
SPPD-3F/SPPD-3R pair of PCR primers in this
study. The primers successfully amplified the
target DNA sequences of three isolates of P.
destruens from different areas in Taiwan and
were able to discriminate P. destruens from
five species of plant pathogens of sweet potato
including one other Phomopsis species (Fig. 2).
These results indicated the specificity of the
primers and confirmed the use of the primers
in diagnostic applications.

The primers SPPD-3F/SPPD-3R were
evaluated for their potential at low concentra-
tions of the template and the results showed
that the PCR products could be amplified from
1 ng to 100 pg of P. destruens DNA. The sen-
sitivity of the PCR was promising when a nest-
ed PCR was performed even when the pres-
ence of pathogen DNA was at a concentration
as low as 10 pg. The first PCR reaction used
the universal primers ITS1/ITS4 (White et
al. 1990) to enrich the fungal DNA template,
thereby increasing the amplification efficiency
of the P. destruens DNA at low concentra-
tions.

The primers were used to detect the patho-
gen in plant tissues consisting of the stems and
storage roots of sweet potato exhibiting typical
symptoms, and the presence of the pathogen
could be detected in both stems and roots.
In addition, a simple, rapid and inexpensive
NaOH-based method (Wang et al. 1993) for
plant DNA extraction was used in this study,
and only a small segment of sweet potato plant
tissue (0.2 cm x 1 cm) was needed for such
plant DNA extraction. The entire procedure
could be completed in 4 h : 1.5 h for DNA
extraction, 2 h for PCR amplification and 0.5
h for electrophoresis. This specific and rapid
detection method for P. destruens had great
practical importance for disease management
as this method could also be used to identify

disease-free seedlings in commercial nurseries.

One of the most common conventional
methods for the diagnosis of fungi is culture
isolation from a sample of diseased plant tis-
sue. In this study, P. destruens was identified
in only 38% of the tested infected vines us-
ing this method, and the method required at
least 14 d for final identification, because of
the slow growth of the P. destruens on cul-
ture medium (Huang et al. 2012). Some of
non-pathogenic or saprophytic fungi that grew
faster than P. destruens on medium affected
the diagnosis and resulted in inaccurate identi-
fication (Fig. 5D). Relatedly, a selective medi-
um for P. destruens is not available at present.
These reasons may explain the low diagnosis
efficiency of culture isolation in identifying
P. destruens. While using the PCR method
developed in this study, positive detection
was observed for 93% of the tested infected
vines. These results demonstrated the high
specificity and sensitivity of the PCR method
compared with the conventional methods.In
summary, the results of the present study have
demonstrated that the primer pair designed is
effective in the detection and identification of
P. destruens. Compared with conventional cul-
ture isolation and morphological methods, the
developed method provides a specific and reli-
able diagnosis tool with significantly increased
accuracy in identifying sweet potato foot rot
infections, as well as required significantly
less time to complete than those conventional
methods.

ACKNOWLEDGMENTS

We wish to express our appreciation to
Sui-Li Hsu and the staff of the Department of
Plant Protection for their technical assistance.

REFERENCES

Chen, Y. J., Y. S. Lin, and W. H. Chung. 2012. Bacterial
wilt of sweet potato caused by Ralstonia sola-
nacearum in Taiwan. J. Gen. Plant Pathol. 78:80-84.




284 Eia 2= S0

Ferrer, C., F. Colom, S. Frasés, E. Mulet, J. L. Abad, and J.
L. Alié. 2001. Detection and identification of fungal
pathogens by PCR and by ITS2 and 5.8S ribosomal
DNA typing in ocular infections. J. Clin. Microbiol.
39:2873-2879.

Food and Agriculture Organization of the United Nations.
2011. FAOSTAT database. http://faostat.fao.org/
(visit on 6/27/2016)

Harter, L. L. 1913a. Foot rot, a new disease of the sweet
potato. Phytopathology 3:243-245.

Harter, L. L. 1913b. The foot-rot of the sweet potato. J.
Agric. Res. 1:251-273.

Harter, L. L. and J. L. Weimer. 1929. A Monographic
Study of Sweet Potato Diseases and Their Control.
U.S. Department of Agriculture, Technical Bulletin.
Washington. 118 pp.

Hsing, C. W., W. H. Lin, J. L. Jiang, T. L. Kung, and W.
N. Peng. 2000. Breeding of a new vegetable sweet
potato cultivar ‘Taoyuan 2’. Bull. Taoyuan Dist. Ag-
ric. Improve. Stn. 40:1-6. (in Chinese with English
abstract)

Hsu, S. T., T. T. Chang, C. A. Chang, J. L. Tsai, and T. T.
Tsay. 2002. List of Plant Diseases in Taiwan. 4th ed.
Taiwan Phytopathology Society. Taichung, Taiwan.
386 pp. (in Chinese)

Huang, C. W., M. F. Chuang, S. S. Tzean, H. R. Yang, and
H. F. Ni. 2012. Occurrence of foot rot disease of
sweet potato caused by Phomopsis destruens in Tai-
wan. Plant Pathol. Bull. 21:47-52. (in Chinese with
English abstract)

Huang, C. W, H. R. Yang, C. Y. Lin, S. L. Hsu, S. Y. Lai,
and H. F. Ni. 2016. The study of physiological char-
acteristics and control of Phomopsis destruens caus-
ing foot rot of sweet potato. J. Taiwan Agric. Res.
65:45-53. (in Chinese with English abstract)

Jayaramaiah, K. M., S. Mahadevakumar, A. P. Charith Raj,
and G. R. Janardhana. 2013. PCR based detection
of Phomopsis vexans (Sacc. & Syd.)- The causative
agent of leaf blight and fruit rot disease of Brinjal
(Solanum melongena L.). Intl. J. Life Sci. 7:17-20.

Lai, Y. C., H. C. Lee, and Y. S. Chen. 2000. Development
of leafy sweet potato variety Tainung 71. J. Agric.
Res. China. 49:14-27. (in Chinese with English ab-
stract)

Lopes, C. A., P. Boff, and V. Duarte. 1994. Foot rot of
sweet potato in Brazil. Pesqui. Agropecu. Bras.

66 % 541

29:1407-1410.

McCartney, H. A., S. J. Foster, B. A. Fraaije, and E. Ward.
2003. Molecular diagnostics for fungal plant patho-
gens. Pest Manag. Sci. 59:129-142.

Rickerts, V., S. Mousset, E. Lambrecht, K. Tintelnot, R.
Schwerdtfeger, E. Presterl, V. Jacobi, G. Just-Nub-
ling, and R. Bialek. 2007. Comparison of histopatho-
logical analysis, culture, and polymerase chain reac-
tion assays to detect invasive mold infections from
biopsy specimens. Clin. Infect. Dis. 44:1078-1083.

Santos, J. M., K. Vrande ¢i¢, J. Cosi¢, T. Duvnjak, and A.
J. L. Phillips. 2011. Resolving the Diaporthe species
occurring on soybean in Croatia. Persoonia 27:9-19.

Shen, Y. M., H. S. Liu, and C. H. Chao. 2013. Analyses
for the causal agent of sweet potato foot rot disease
and its susceptibility on six sweet potato cultivars.
Plant Prot. Bull. 55:25-34. (in Chinese with English
abstract)

Shirahatti, P. S., R. Ramu, C. R. Adkar-Purushothama,
and M. N. Nagendra-Prasad. 2015. Development
of a simple and reliable species-specific detection
of Phomopsis azadirachtae, using the translation
elongation factor 1-alpha gene. Eur. J. Plant Pathol.
141:769-778.

Shishido, M., K. Sato, N. Yoshida, R. Tsukui, and T. Usa-
mi. 2010. PCR-based assays to detect and quantify
Phomopsis sclerotioides in plants and soil. J. Gen.
Plant Pathol. 76:21-30.

Terashima, Y., K. Ogiwara, M. Kojima, C. Kubo, A. Seki,
and A. Fujiie. 2002. Primers based on specific ITS
sequences of rDNAs for PCR detection of two fairy
ring fungi of turfgrass Vascellum pratense and Lyco-
perdon pusillum. Mycoscience 43:261-265.

Wang, H., M. Qi, and A. J. Cutler. 1993. A simple method
of preparing plant samples for PCR. Nucleic Acids
Res. 21:4153-4154.

White, T. J., T. Burns, S. Lee, and J. Taylor. 1990.
Amplification and direct sequencing of fun-
gal 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.) Academic Press.
San Diego, CA. 482 pp.

Zhao, J., X. J. Wang, C. Q. Chen, L. L. Huang, and Z. S.
Kang. 2007. A PCR based assay for detection of

Puccinia striiformis f. sp. tritici in wheat. Plant Dis.
91:1669-1674.




PCR Detection of Phomopsis destruens 285

H 2R — 1 PCR WullRz g 2 h s

' wHBE BRET MERD RESY

puit

e

e

MEFE ~ =158~ R - BEE - (DT - 2017 - HEEARHEH—1%E PCR IR i
ZWEE - GIERRIENTIT 66(4):276-285 -
3% (foot rot) & w1 Phomopsis destruens Fi314¢ » Bt FR G B HEHEE W ERRHE FZ— - A

AT P destruens Z 8 AR IR BT E AR R EI ARy A EFMEE  FEAEFE AR 5k
FHRBZERE o A RARIE P. destruens 2 BAZAEIEFL 69 4% % (internal transcribed spacer; ITS) A 71
FZt &3 TH o AR E S8k 45 RE (polymerase chain reaction; PCR) # sz 3% &K i 5 B 2 AR R g o
RIAT 0 KT R B MR T R & — MR R P. destruens > A3 F T M 238 AR £ X Lasiodiplodia
theobrome (B2225) ~ Phomopsis sp. (Ph735) ~ Rhizopus sp. ~ Athelia rolfsii (Sc-3) & Fusarium sp. (Fu245) % 31k
HEW SRR RE o Wik EHE T | ng 28 % DNA » 24 £ X PCR (nested PCR) B EHE Tt £
10 pg 1 # DNA o $bsh » A4 7 i o o7 LR 70 A7 2 R e 2 35 W 30 SLORAR AL K o o st AT A0 i et A
LERZ AR A K RAT 0 93% X% R MM AR AR TAR Al B R 0 AR BAMESE R 38% 0 T K iadt s
AR F o dof — ik PCRARA K LA Beik » £ — MR EHE S AR TAF s A7 8 A #0400 35 2

BRS¢ HEE - HEEAEWE - e - PCR O -

LR HEA - 2016 4210 H 19 H ; #2ZHIH - 2017402 H 16 H -
T EEEF - hfni@dns.caes.gov.tw
'L gREREEREERRSFTEYRE AR E - 208 EET -
EROEESBTTESEERBOYTMREERITE - &8 BT -
‘BB EER SRR (R AR - 58 EET -
CRERTEERRTESEERBROITHEY RE LR ERATE - 88 EET -




BB ZERTSE (] Taiwan Agric. Res.) 66(4):286-297 (2017)

DOI: 10.6156/JTAR/2017.06604.03

MERE

RIANHEE ~ SRS S AEY) AL R R T A f e
LRSS /M SR L

AR T2

R4’

L Hast

e
BRREGED ~ T— ~ B - i - 53R - 2017 - REHE - HHEE AT E RIS

BT CA S B N B - B

SEEELERIIIE 66(4):286-297
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al. 2015) - JIEEFE BB G IEE S - — DL
figh 7 A BT e v (I FE T 5 R K (Yanagawa &
Osaki 1996; De Bruyn 1997; Liu 2005; Zhu et
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HyE s - B RIEERE R FE 2-3 45 (De Bruyn
1997; Chu et al. 2001; Liu 2005; Zhu et al.
2005) » FLAN - ABTE S Bl Bn4E R BN o B
ik 7 ETE A R EOR AR B S (> 25 cm)
IME/INE 4 (49 10 cm) HYRBCREE A E
(BRIART) - dHE ' B ASHEMERA - H
W BEAESER  SEYEEN T ERIG
Z—» LHB P & SE /DAY i T
oS EREEREEEEENA N
72 (Yanagawa & Osaki 1996; De Bruyn 1997;
Chang & Wang 1999; Zhang et al. 2002, 2006;
Ilczuk et al. 2005; Liu et al. 2007; Shao & Shi
2008; Lou ef al. 2009; Shen & Yu 2011; Aslam
etal. 2012; Amani et al. 2015) -

BB R R EMENZER T
A RRE - EEEES > DRETYIN
Ba MBS EELAEKE (Shen & Yu
2011) - EEAIHEEAHIERAMTE 1970 F£REHE
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i FEH Clorox”, USA) FEH 15 57 30 min > F
DURE KR P& BEMEREH | mg L' BAEL0.1
mg L' NAA 7 MS B8 » 1235 8 wk (4 &
BHEETHER - itk 4 518 - GEER
T 12 {EEE S

IEME RS BRI L TBR 1 5R-RIkDE
Al BEEVIEECEE

FIFAE®ELY 12 em Z AL TE - 1 5F-40
AL B Bl R B T S T R R R
R /4 AR E B % - IR BT E R
EAPERE - KT A R BE 2 WA ST 0 Ry
E W E Y o EE ISR RS HE RS (6 mm X
6 mm x 2 mm) ; Fl[ff 1.2% NaOCI ¥ 15
min > B DR K F A BN &5 1 mg L
BA B10.1 mg L' NAA 2 MS 28 5 » £2%& 8
wk 1% 5 A R AE AR T 243 0 DAR /Mg 5 B AR T
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1. PIHEAE TG, Bl S AH AR R M B L B AR HUS ST  BRE R 2 i ss (A) 5 DIBREER -
T~ B RREE B (B) 5 12 BTE (O) 5 14 BZE (D) ; AVAIMETEEENH SLI . 14 B (B) ; BHE
R =R R HE SRS (F) - Bar=2cm «

Fig. 1. Explant obtained from field-grown bulb for establishment in vitro culture of Hippeastrum hybridum ‘Red
Lion’. Field-grown matured bulb (A), the bulb had been removed leaf, stem disc, tunic, and two leaf scales (B), half-

bulb (C), quarter-bulb (D), quarter-bulb with stem and basal scale (E), and stem explant (2 cm x 1 cm x 1 cm) inocu-
lated in 125-mL Erlenmeyer flask (F). Bar =2 cm.

BA B2 KWL B FHE2 2 /e V2 SR R 2 1 12 8k 14 B

= jorE > 2 o e T A TR 4 14 MK - BRI B A
BRI Y O, B TR, g 0 57 02mg LT TDZH#0.2 mg LY NAA Y
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B o GEH 4 B R4 RS (1 BREE pa g TDZ WINETE HIML /) B 100E
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1/2 8% 2 g T8 ) A A 2 (0 12 WL o B Sl
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8%y 2.5 cm) {ERbORE > DA V2 SR VAt =
% (quarter-bulb) B R TR o TR Eﬁn "EEQET*D%ET’;J\*E
4 EE > JREN 4 E#hLE (1 Bis/ER) » Wt - AW 78 B 5¢ £ 2 H 5% 5T (completely
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randomized design; CRD) #E{7alEs - = Ea
15 & kL 4% SAS 8.2 (SAS Institute Inc. 2001)
ELGET A #E 1T 8 7 73 A (analysis of
variance; ANOVA) » H R Bl 7= BB E (P <
0.05) » AIIFFH i/ N2 7= S PRI ER (least sig-
nificant difference test; LSD) [L#ni £ i 3 15
BEEZZLR -

THR
HELDIVENER KO REAEEEL
MEECTE

MA QL BTN EARERE TR
75% EAE R 15 s MOAZEDH H R > HEE
BE R BOT S, - Phd I B pE B PR H R H Y 0T
FeREELEUR 0 1.2% NaOCl R B 7 JF JL 2
FHI A 0.6% NaOCI FZ# 5 ifif 1.2% NaOCl
FE 3 15 min BT L REKH 30 min JEHE (£
1)« Wt &@EpTpE 2 V4 @R s b
FHEBEE S EEEBERRE 1.2%
NaOCI JE ¥ 15 min fHH SRR REE > TFRE
1% 16.7% - [LAh > SEHEEEREENEH 1 mg L
BA B10.1 mg L' NAA > MS F2#& 4 8 wk 1% »
SEEE RS T ES 1-2 B/ NBEEE BERIART) -

#1.

Table 1.
bridum ‘Red Lion*.

289

BB A INREIE (B2 1 5R-A10E
N BiE2IREBECEE

thi "B 1 9R-40EA, B TEMr A
YAERE RS 2O ERBRGE R RN 0 BRERE
BT ME 3.3%  HEEN P LHEHEEZ
36.7% ° b~ T AL ESHE A% 1 mg L' BA
fiié 0.1 mg L' NAA 2 MS 2P &8R4 8
wk 1% > HIERNAERSCEWR 4 S 5
A B AR/ NS5~ AR/ NS - R LERE AR
FAERARAYIEER (E 2) - H g/ Mg
LRI E » BUE L PE RS 2 57.3% FE
REAZ SN TR 37.4% » [HEE AL 2 S E
BRI AT 1.2 /N5 5 BETE A Y -
PREAI DI B L FE RS 2 4.0 /IR - 8
EETEE TEE > 2.7 (IR (£ 2) - #EHE/N
el H R BEE SRV EE R > B DIHE B
EETE RSB S N D RS -

AW A Bl 7 A Sy BT TALA )
TEZE kTGRS ZEERE - W
R A /) Ml 5 {5 Ry 1% 468 04 T ool T 1 355 4 G 2K
TR e

BA 3N #E1e LM 22 [Figc 21 /)
BEIREC S8
AW AE S ek B oh A e B e s 12

JHEEIEBIELC IR, AR T R s -

Effect of surface disinfection methods on aseptic in vitro culture using mature bulb of Hippeastrum hy-

Disinfection method

Explant treatment 75% Ethanol 0.6% NaOCl 1.2% NaOCl Contamination (%)
Disinfected I5s 100.0 a
immediately 15 min 83.3 £8.35ab’
30 min 66.7 £ 11.80 ab
15 min 41.6 +10.50 b
30 min 583 +£8.35ab
Disinfected 15s 100.0 a
after left on 15 min 83.3 +4.80 ab
filter paper for 30 min 75.0 £12.50 ab
overnight 15 min 16.7+4.80 ¢
30 min 33.3£6.80 be

“ Explants cultured on MS medium containing | mg L BA and 0.1 mg L' NAA for 8 wk. Twelve explants were used in each treat-

ment.

¥ Means in each column followed by different letter(s) are significantly different at the 5% level by LSD test.
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2. UEFE "R 1 SR-ALM A, BRSNS | mg L BA #10.1 mg L' NAA 22 MS B 8
wk FFEE AR YR E - SR/ INBREE (A) ~ SERRV N (B) ~ RO L ZIEHERS (C) RERMRZIHEAS (D) - Bar=1
cm °

Fig. 2. Growth conditions of in vitro cultured of Hippeastrum hybrzdum ‘Tainung No.1-Pink Lady’. Stem explants

were cultured on MS medium containing 1 mg L BA and 0.1 mg L' NAA after 8 wk of culture. Rooting bulblet (A),
bulblet without root (B), explant without bulblet and root (C), and explant with only root (D). Bar =1 cm.

2. JUETE "BR 15 SRR RO M S E R B R U N U S B -

Table 2. Position of stem explant on disinfection efficiency and bulblet formation of Hippeastrum hybridum ‘Tainung
No.1-Pink Lady™.

Explant Contamination Bulbing explant (%) Rooting explant ~ No response Bulblets/explant Roots/explant
position (%) With roots ~ Without root without bulbing (%) (%) (No.) (No.)
Upperpart 33+1.92b" 573+629a 12.1+5.17a 6.8+2.72a 23.8+6.14b 1.2+007a 4.0+0.52a

Lower part 36.7+6.38a 374+1043b 63+3.72b 0.0+0.00b 562+1240a 1.2+0.10a 2.7+046b

* Explants cultured on MS medium containing 1 mg L™ BA and 0.1 mg L NAA for 8 wk. Each treatment had 4 replications, and 15
explants per replication.
¥ Means in each column followed by different letter(s) are significantly different at 5% level by LSD test.

W EE I tE RS - TR & A E BA BI NAA FUFE QLA B T B 12 R E N S
Z MS B2 A rh > 35 DU 5 0] 2 A9 /)N 5 *ﬁxrj;}?ré BA fit & 0.2 mg L™ NAA 7 MS iz
R ETEERE > Al 12 SR AP Ak 2-3 & AT > F3EEREUR B G S

/J\ BREEET - e BRI B P L 1 (/N EE 1—4 mg L' BA JRH 7 /N S PSR AR
B (ERERY) - I > ABUBRDL V2 BiEE/ER 3 BA RERIMEBE 2R 1.1-1.2 {8/55
Bt - HRG NV BRI BAF R RS HEFE N EEE > P2 mg LT
NS PARDIREDRE BASSEC0.2 mg LT BA FREREZEE ¢ 1 812 mg L BA WIFEEIZE/ Nk
NAA HETEE - HRMRHWEHEEZR > 7hl R34 829
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3. BA BUESE GUMT, B TTE R, 12 BEEERIV R M S -
Table 3. Effect of BA on in vitro bulblet formation by using half-bulb explant of Hippeastrum hybridum ‘Red Lion’
and ‘Blossom Peacock™.

BA NAA Red Lion Blossom Peacock

(mgL") (mgL") Bulblets/explant Roots/explant Bulblets/explant Roots/explant
0 0.2 1.0 £0.00 b” 9.6+039a 1.1£0.07b 63+027a

1 0.2 1.1+£0.07 ab 34+0.78b 1.4+0.19a 39+030b
2 0.2 1.2+0.06a 29+0.53b 1.6+0.16a 1.3+028¢
4 0.2 1.1+£0.07 ab 1.3+£027¢ 1.0+0.00 b 1.3+£0.00¢

* Explants were cultured on MS medium containing various concentrations of BA in combination with 0.2 mg L”' NAA for 8 wk of
culture. Each treatment had 4 replications, and 4 explants were used in each replication.
* Means in each column followed by different letter(s) are significantly different at the 5% level by LSD test.

ASERS - 15 0.2 mg L NAA ¥4 -
SRR S 9.6 iR/ AE - 4 mg L BA
Ja 2 FIR R i > BEEEREI K 1.3
(R - 3t "F1EZ R, S - 182 mg L' BA
PR HE /N R TE R R A By 1.4 B 1.6 (/551
B WREE B AR i 0 B4 mg LY
BA Wi B MR E AR > ARy 1.1 8 1.0

FIA T2, V2 HEE V4 #EFE
RtEtER T - BE 4 wk VG REDR >
12 S BRI 7 /N TP AR B 87.5% » B
E VA B PR FH Y 56.3% 1 HW IR B P
INBREER 5T 1 Ry 0.9 B 0.6 (/)M 28/ E RS
WY e B ]I i B 2 A2 5 (S LB RS R
EAENG > Al V4 SRR IP B 2.4 {8/ B 25

{B/ s AE AR /R B SR AR ROR DU IR A i 2
B E R R T 6.3 RIR > H R 1 mg LY
BA JZH 2 3.9 fR/BEHE BE > 12 814 mg L
BA ja B SR R i 2 - B ERE R B K
1.3 AR -

IBERAY R T2 )\
TIBEC R

EER U2 SRR > 1.8 B/ NBEEE ¢ It
FFE RS > AR DL 12 S8R B > 4.3 %
REEZE ST 1/4 BEEERR Y 1.9 (/IR (&4
3A - [ 3C) - EHEEE 8 wk I > Fi{EEET
I S R A EE F] 100% 0 {2 25 55
BRI R /N Rt B = FREE R L
SRR T B AR > H 1/4 SRERI O 4.4
{IEl /N B B = Y 1/2 SR EEpR IR 7 2.0 {| /)N

K4, FEBLEUNEEIE THEZE, NI 28 -

Table 4. Effect of bulb cutting method on in vitro bulblet formation of Hippeastrum hybridum ‘Blossom Peacock™.

Explant treatment Bulbing explant (%)  Bulblets/explant (No.) Roots/explant (No.)  Bulblets/original bulb (No.)
4 wk after inoculated
Half-bulb 87.5+12.50a" 09+0.182a 43+035a 1.8+£04b
Quarter-bulb 563+11.95b 0.6+026a 1.9+£048b 24+10a
8 wk after inoculated
Half-bulb 100.0 a 1.0+£0.00 a 51+050a 20+£0.0b
Quarter-bulb 100.0 a 1.1£0.17a 3.1+043b 44+0.7a
12 wk after inoculated
Half-bulb 100.0 a 1.0+£0.00 a 6.4+053a 20+£0.0b
Quarter-bulb 100.0 a 1.3+£030a 4.8+0.74b 52+12a

“ Explants cultured on MS medium containing 0.2 mg L TDZ and 0.2 mg L NAA for 4, 8 and 12 wk. Each treatment had 4 bulb-
lets in a treatment, and half-bulb treatment with 2 explants and quarter-bulb treatment with 4 explants in each Erlenmeyer flask.
* Means in each column followed by different letter(s) are significantly different at the 5% level by LSD test.
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3. JUEFE "TEZE) DL12 5 (A) ~ (B) B 1/4

X5 RN SESERRELL V2 S E
5.1 FRAREEZE S /4 SRR A 3.1 fiRIR (3%
4) - ERFERE 2 12 wk i [ 1/4 B 557
BT 5.2 B/ NS B E N 12 S
FR P2 2 /NS ARAVIZ ROT E S A 172
R T 2 6.4 RIR/BETEAS - BE S V4 i
R A8 (RIE/IEMEES (R4 B 3B~
3D) o Rut&SRBR - TTEZE, V4 5
ENE02mg L' TDZ 4 0.2 mg L' NAA
Z MS SR/ NS S TSR - S E A
R4y 2.5 cm AY/NBEELAE 12 wk B2 12 7] B S
49 5.2 /N -

552 (C) ~ (D) s FMERF RN EH 02 mg L TDZ B20.2
mg L NAA 2 MS B58 5 4 wk (A) ~ (C) 8112 wk (B) ~ (D) Z/NBFEERITE ~ /£ RIS - Bar=2cm -
Fig. 3. Bulblet growth and rooting condition of in vitro cultured Hippeastrum hybridum ‘Blossom Peacock’ using

half-bulb explants (A), (B) or using quarter-bulb explants (C), (D). Explants were cultured on MS medium containing
0.2 mg L™ TDZ in combination with 0.2 mg L' NAA after 4 wk (A), (C), and 12 wk (B), (D). Bar =2 cm.

BA B2 TDZ ¥3IMKE7E DGR, /BT
a7

FIH TGLA, V4 @ EAE RS AR 0 BhER
BA Bi TDZ $f /N G /e 2 52 & > &5 R BUR
B248 8 wk 1% [ Jig B 7 /N gk <5 04 0 S5 % 3 i B
FE=E > Hd1bl 0.1 mg L' TDZ R FR#E: -
{E R 3G P eh 15 2.9 {E/NBE &8 - T IR A i 7=
15 1.8 @/ &< - HERpEH G 2.1-2.2 i
INBREE - DS BT E A 7] 0.1 mg L
TDZ a3 ml5H 154 11.6 {l/ Nk S Ay 5 SRR fE -
PR (RS E RS T AR BT = > L1 mg L' BA
#10.1 mg L' TDZ it & 0.2 mg L' NAA > j&
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MR GEEEE RS A5 11.6 81 10.4 {5
o e HeR R 2 7.4-9.3 RIR - FT AR
Ml 4mg L' BA & 0.2 mg L' NAA &
HEERZE > 15 7.4 RIR/IEHER (RS - 4
& bl BB - AL V4 SRR SR
0.1mg L' TDZ 81 0.2 mg L' NAA > MS 2%
B N EH I AR 0 B E ALY 2.5
cm Yk T AR 8 wk B2 A fES4Y 11.6 (/)N

o

4

R

TEAR S B E LR T - R E RS L
IR T3 5 2 T4y - RigE 2
HE AR IUBEAE @S XAy o) (A =l 2 LAY
5+ (Seabrook & Cumming 1977; De Bruyn
et al. 1992; Chang & Wang 1999; Smith et al.
1999; Aslam et al. 2012) - 7] A\ W 5% & E &
UL FE M o i T B LB E - R %
Bl H AR RV R IR 20 B - B0 A 2K 08
(De Bruyn et al. 1992; De Bruyn 1997; Chang
& Wang 1999; Smith ef al. 1999; Shao & Shi
2008; Amani et al. 2015) ~ @R EZE (Smith et
al. 1999) 228 Y% R &7 (plant preserva-
tive mixature; PPM) (Smith ef al. 1999; Aslam
et al. 2012) EITHIFEH » 1% HRHEE R LR
HE B  OH B AR SRS - AR HTE
K@M [Calcium hypochlorite, Ca(Cl0),] /&

TR R (Hussey 1975; Seabrook & Cum-
ming 1977; De Bruyn et al. 1992; Yanagawa
& Osaki 1996; Chang & Wang 1999; Smith et
al. 1999; Ilczuk et al. 2005; Shao & Shi 2008;
Lou et al. 2009; Shen & Yu 2011; Aslam et
al. 2012; Amani et al. 2015) > /D 8 F H &b
oi 7% (mercuric chloride; HgCl,) 74 % /& ) 04
% (Zhang et al. 2002, 2006; Lou et al. 2009;
Shen & Yu 2011) = ZAMAEAT ¥ 3 75 2 A
BHERBEIEEERFHE - A R F RS
FBRR - AWFREFREUR - Kk F HERRIRE
2-3 g R 2 VA LR EIRE - RHF
2L 1.2% NaOCI JZ 15 min & 0] (5 S (£ 1Y 4
FRR (R 1) o HENEE ARG V)R L BTN
FERHE  BHEEASSIREE SRR ZER
R EREEEEBEE > REHNER
DT A BERH R
Yanagawa & Osaki (1996) B Zhang et al.
(2002) HYBFFE4ESRER - B HG BT s A
(extreme base) » H N EZEFEI R S - Lou
et al. (2009) AIIHESE FES, (‘Apple’) B &k
P #E 22 18 5% | (‘Filial generation No. 18°) HY
s BN A [ 9 S BT i 69 /) i 5 e
HIAE S thig b~ o~ NERECEETEAS (397
HER) ERER > THFERES > F5
Rz - EEAMEES G/ NS o AT RE
o R PR AR R T AR EE R
ToEERREEAS 0 H O ER AR N SR

5. BA Bl TDZ ¥HEAT GTHN, 1/4 SEEIHERTPR0 N > S 2 -
Table 5. Effect of BA and TDZ concentration on in vitro bulblet formation by using quarter-bulb explant of Hip-

peastrum hybridum var. ‘Red Lion”".

BA TDZ NAA Bulblets/explant Roots/explant Bulblets/original bulb
(mgL") (mgL") (mgL") (No.) (No.) (No.)
0.2 1.8+£021b" 9.3+£0.8 bc 72+0.8b

1 0.2 2.1+04ab 11.6+04a 8.4+ 1.6ab
2 0.2 22+0.3ab 9.1+0.4 bc 8.8+ 1.2ab
4 0.2 2.1+0.3ab 74+08d 84+1.2ab

0.1 0.2 29+03a 10.4+0.2 ab 11.6+12a

0.2 0.2 22+04ab 9.2+0.4 be 8.8+ 1.6ab

0.4 0.2 2.1+0.4ab 7.9+0.5cd 84+ 1.4ab

“ Explants were cultured on MS medium containing various concentrations of BA and TDZ in combination with 0.2 mg L™ NAA for
8 wk of culture. Each treatment had 4 replications, and 4 explants were used in each replication.
* Means in each column followed by different letter(s) are significantly different at the 5% level by LSD test.
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FEE SN TS ER - E2EEEERP
BN B AR 2 R (R 2) - BUTF4EMm
T TTREA Ry b A A A A AR R A R
TFRRERAVEE R 5 HE/ N EER AR
ARWFFEEE B FAti 75 A AR [E - #EHE R R
ATRE (R Ryl SR/ INVAR[E] ~ TN B R AT 4
i IERHENRE - THEERZER
A IE &L -

De Bruyn et al. (1992) B2 De Bruyn (1997)
(R SE &S 9B - & 5 mg L' BA B2 0.1
mg L' NAA 7 MS 5585 Fy i 5 JE L AE
(Amaryllis belladonna) /i T B 19 5% (£ TR
I o Chang & Wang (1999) F~ &L, #1{C 5%
BEEREUR > 4 mg L' BA RIS 805
SFRZ/NHE - HERERZAH HESREE
R A SR R (0.5-2 mg L BA) 1y
R o TALMT, BL RS £ (‘Orange Sov-
ereign’) AYHF 5845 S BER - 1-4 mg L' BA &
H 2 i ¥ AR GK > H2L 2 mg L' BA f5iC
1-2 mg L' NAA H A ##E% £ (Zhang et al.
2006) « Ah7E 2 PIRIBEEEREUR - MK
R fE B 1 mg L' BAB10.1 mg L' NAA 2
MS 5545 E 5% 8 wk 12 - B EF G 5 A
1§ 12 BN 5 R - ARiFgEfk Bl 7758
TRETL TEIAL  TTEZ A K BRI HE
IR 0 PR/ NS o] i Ry e e R AV B E
HE 2 -

FAJEPLIEIE (De Bruyn et al. 1992) i F&
F, (Shao & Shi 2008) (YRFZE4EFITHE -
SIMIER DAY 3 VIR R R » HR B =y
Y] 5E ARV ZBUER A7 © Shen & Yu (2011)
HY R am A LGSR © Bh4h > Chu et al. (2001)
DIARREVIE T A GEE G 855 T3 iy
WoEsE SRR - HUIERER D ERP R 2 735K
o BEP Y FERRIELK « Zhu et al.
(2005) PAPLHETE ™E 42 8% (‘Double Record’)
IS L BURAH DA S 5 - AR seRIA 1
ZE) 12 fhEE /4 o TR 2 45 R E
AMEER—E > FLEERE R B/ N S E T
= IR M R - (LU
NGRSO T BT o B 1/4 i < pl B 0 T R A
St V2 SR b - ARHITENEE R

rere

]
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AR ZE 12 wk BYEE SR BUR > 12 B g BN 4
wk 1% Z /N SRR PR - AE 1/4 8 <R
AR &P NS RIEEDIETE 4 wk Y
BB KE > nReaR A 12 ShE R P O 1/4 5
PRI 7 BIHARME (R 4) - RILHER - 8N E
R BAREIRETERENFENVERSE
A EE-EEBEERHER > BE
8] i S e U R 2 B A G > FU (I8 6 e BT 4R
EYRMMEI > 2820 G RIEE R /N 4
S QIR EREE -
PIHEAE "ALFL e I FR 4 R 0 1-2 mg L7
BA #£0L 0.1 mg L' NAA Z a1 i (1R
H (Liu et al. 2007) = BE5, B TGk NGRS 18 57
(Y I8 PR L 2 mg L BA it & 0.2 mg L
NAA 193 85 #F (Lou et al. 2009) - Shen &
Yu (2011) Jratam#e S fe - IUEAEAH SR &
T % L 2-8 mg L' BA ;0.5 mg L™ TDZ
AL 0.1-2 mg L' NAA » HE A4 & JIIA &
NETE - AWFFELL G, 8 e A 12
TR R EUR - WAL TR BRI 2
mg L BA it 0.2 mg L' NAA 7 R H &5 Sl
B BRETEL R IE (1504 mg L' BA) (&
B (R 3) » BLAT AW FT4E R -
Lou et al. (2009) 1> HEF ) 81 &R NHEAZ 18 5%
HIBHFE 45 SRR > TDZ S fE s BA 2%
Fofk > RefETEREEE R 0.5 mg L TDZ $51C
0.2 mg L NAA & « ARFZELL T2 2
172 @ TR AE R BT B ERn
2 mg L' BAJEH 8 wk (45515 3.2 8/ Ml 52 (&
3) 5 ZR1M 0.2 mg L' TDZ IR {FE] 2 {lH/]\ i
¥ (£4); BER 0.2 mg L' TDZ fRERURE 2
mg L' BA &3 &K ZiEm TDZ BE 2T A
HEHEMESER - MEE—SHBEE - B2
WA, VA SRR ER S RN 0 1-4 mg L
BA B 0.1-0.4 mg L' TDZ 54581594 BT
B Hp L0l mg L' TDZ #% i 0.2 mg L
NAA YREHEEE (R 5) -
llczuk ef al. (2005) FIHILESE (Hippeas-
trum % chmielii Chm.) 1/4 %% (%47 1.8 cm)
BrEE75 0.5 mg L' BA #10.1 mg L' NAA
Z MS 8 A& RE R FEBEEE 4 wk
% u5 3.9 E/NE - KFRSE TEZE, 14
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% (1849 2.5 em) 12 0.2 mg L' TDZ it &
0.2 mg L' NAA FEH 4 wk B0 JE Rk 2.4 (/)
ikt wirE S 8 wk H1 12 wk B 43 I 2 4.4
BLS.2 {E/N#h s (R 4) ) BUREEE 4 wk 219A
INBREERF IR - BEAN 0 TRLEN, 14 REEETE
» TDZ it & NAA B 7 F{E k% F 8 wk &
A5 8.4-11.6 fE/NMBEEE (% 5) - RBL&R » 4L
T, /NS TE R T2 2 B o Lou
et al. (2009) 1> "BES, B TERNHEAT 18 9%, bF
FE4E SN (EMH [EIE A RS B R AR A R 1R
T BER, g TERNER 1858, EAEEN
INERECEEE A o bl &S SR ED S A A\ B 22 45
5 > Shen &:\ﬁ1(2011)u¥ miE o IS/ Nk
SO TE R AT L A ) BB oK 22 SR o I
G AW R BN » IR AEEMETEY
B NBEI IR SRR Z— -

Zhang et al. (2002) AYFFE4E 850~ 0 L
PEIEAR EFREE N MS g AR 2 F] 100%
Z5FR 22 o Shen & Yu (2011) FEmiSH - /%
BN A 0.1-0.5 mg L' NAA 7 bz & £y
HA RFHRE - boh - JUEIE 2 B R B¢
EEREH Y 1-2 mg L' BA BB M &H RIF#
R (EEHm G BA 58/ NESIP &
BN EMR (Amani et al. 2015) - KR4S
BER ISR 0.2 mg L' NAA B3
BBt B{EIRE Y BA (1-2 mg L) 8¢ TDZ
(0.1-0.2 mg L") BEB/RESHR BL4F » H 4 mg L™
BA 5 0.4 mg L' TDZ 7 5 /= % F ji 34 Al € 4111
FIRAAERES (R S5) - HELAA > S0
WA R BT R 3R - (R AR s
BYERATRERFEHETHAERN -

AT FIHEAE 4L, ?@Z%J
BRI SR-ADREA, 2 HEBE > KR
e~ UIENGAF BRI % > 2L 1.2% NaOCl ﬁﬁ
15 min BRI AH R IE - H D45
FREREEE RS R AR ARWFFE LA Bt TT
&Y“3WE””%£Lﬁﬂ%°%mmU4
hEEENEA 0.1 mg L' TDZ B10.2 mg L™
NAA Z MS 25 E > AR 2.5 cm i %
B 8 wk {2 TJJEFG 11.6 PREIR RIFHY/NEE
o WA T B A E KRR

o

E)l

=x5
adn

AR B AT LA T e L 2200
R R > FrELHE -

5| A SRk
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Effect of Surface Disinfection, Explant Type, and
Plant Growth Regulators on Establishment of In Vitro
Bulblet Proliferation of Amaryllis

Uei-Chern Chen', I. Din’, Tzu-Ying Wu®, Jhin-Yi Tsao', and Chi-Ni Hsia"’

Abstract

Chen, U. C., I. Din, T. Y. Wu, J. Y. Tsao, and C. N. Hsia. 2017. Effect of disinfection
method, explant type, and plant growth regulator on establishment in vitro bulblet
proliferation of Amaryllis. J. Taiwan Agric. Res. 66(4):286-297.

Field-grown bulbs of Amaryllis (Hippeastrum hybridum) ‘Red Lion’ (about 25 cm circumfer-
ence), ‘Blossom Peacock’, and ‘Tainung No. 1-Pink Lady’ (about 12 cm circumference) were used as
culture materials. Effects of surface disinfection, explant type, and plant growth regulators combina-
tions on establishment in vitro bulblet proliferation were investigated. Stem explants (2 cm X 1 cm x 1
cm) of ‘Red Lion’ left on a filter paper overnight before using 1.2% sodium hypochlorite solution for
15 min resulted in the least contamination. Stem explants (6 mm X 6 mm x 2 mm) cut from the upper
or lower part of ‘Tainung No. 1-Pink Lady’ were compared. Although explants derived from different
positions of the stem had the same proliferation rates of 1.2 bulblets per explant, the upper stem ex-
plants had a significant lower contamination rate of 3% than that of 37% from the lower part explants.
Comparison of proliferation efficiencies was conducted using half- and quarter-bulb explants of
‘Blossom Peacock’ derived from an in vitro bulb with 2.5 cm circumference in size, and no significant
difference was found on bulblet formation between both treatments. However, a higher proliferation
rate of 5.2 bulblets per original bulb was calculated by using quarter-bulb explants than that of 2.0
bulblets from the half-bulb explants. The highest bulblet proliferation rate with 11.6 bulblets from per
2.5 cm circumference in ‘Red Lion’ in vitro bulb was obtained by culturing quarter-bulb explants on
the MS medium supplemented with 0.1 mg L™ thidiazuron (TDZ) and 0.2 mg L™ a-naphthalene acetic
acid (NAA) for 8 wk. Results of this study could provide useful information on bulblet proliferation
for new varieties of Amaryllis.

Key words: Hippeastrum hybridum, Disinfection, In vitro propagation, Thidiazuron.
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MERE

HAE=ZE5E (Trifolium repens L.) {F Ry 25 fHY) IE AT
sl re TR BRI G6

HE
e ~ SRR~ BV © 2017 « =355 (Trifolium repens L.) 1F Ry @ A EYIHE I &
PR A ENE - BIEEIEIYT 66(4):298-306 -
# JE A (Cucurbitaceae) tF#W 4 G ¥ ERHAR > ERFEREFRPLAEAEDEER A PR BT -

Ve BRE BTG ER B ARG EaMBE R A RS ESERGRA - REHEK
(Bemisia argentifolii Bellows and Perring) 2 3 EAEH ¥ TR Fahz — ST L NS ehmewinalh
(Begomovirus) #9953 » VT R JRNI53E JEEH 9% 3 (Squash leaf curl Philippine virus; SLCPHV) sk & & U o %F
AR EAED TP ERGRBELA CRESTARBIEFTANEDRER T CEFHEMEHER -
F L RET - BEHL MR A (living mulches) R AXE A+ Z4h (synthetic mulches) % B By i 4R 3
Sy 3% RIF FOI R o REFRAN A GGt =¥ F (Trifolium repens L) V£ & F ZH M E R d)RNE3% - & REAT
VAR A ARAR I by B o P09 25 %% > HL SLCPHV 89 & 5 £ 4 55.2% > B AKAMR 2 B EA L FL 6 91.3% A sk 2
WA 5 e R R F FURBEEER PR AR L 400 95.2% o W A U Al R 4 R IRIE 149 13% o AT R AL
G Z 3 A w MR B A e A IR DAk RTINS AR R IB IR

RARE - MY - SERMEY) - 8055 - IR

IS

#HE Pl (Cucurbitaceae) (FY) & /B EH %
BRRAEY) - AR AR EE 20,000 ha DL | H i s
EEEEL > EPNREREREE - WE
HETFEHE T - & R ERERE > B
i % iAo AT LR VA 2 B8R - IR LR Ry JIVE
TEVIEER AT ZIREIH T - IEHARE T ]
BN AL AR DAY s 35 T R 28 50 1 > B8
HEC PR NHHAYH A 16 f&E (Deng 2011) -

REEW & (Bemisia argentifolii Bellows and
Perring) ZHEFHMEVHEZENERZ— H
KOE RS CE Y AR B R AR N AR R

B (squash silverleaf disorder; SSL) HJEAR
(Yokomi et al. 1990; Schuster et al. 1991) - &
Ty 2 S R EY e 5 AV /) B R
CRITE—HEE e SWERE (Begomovi-
rus) W% # (Brown et al. 1995) » H i [LFHE
#k = 1B 9% B (Cucurbit chlorotic yellows virus;
CCYV) ~ B\ #& T JE B B W 5 (Squash leaf
curl Philippine virus; SLCPHV) ~ 3 il #& & 57
/% B % 5 (Tomato leaf curl New Delhi virus;
ToLCNDV) 2 AE G EHERHEYEZR
R E (Deng 2011) o

If & B HYR P R ERIHE RS &
HITTERE 275 HEEY)H B E (Nault 1997) -

R HBEc 2016 £ 8 H 27 H s 2 HW 1 20174 1 H 15 H -

T iEEES  weiantsai27@hdares.gov.tw
BRI E RN RIS YRR B E g 2
PREZOEE SN LSRR SRR -

EZGERE RN RS EYREGRT R - 28
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Hrh S o] AL S RHEY) - Wk NS bk
&UwEE (Zucchini yellow mosaic virus; ZYMV)
VH N 8% 809 55-2 (Watermelon mosaic virus-2,
WMV-2) ~ 8 J\ % &% 55 (Cucumber mosaic vi-
rus; CMV) RIAR N BL5 5 - V9L R (Papaya
ringspot virus-watermelon strain; PRSV-W)
(Provvidenti et al. 1984; Purcifull et al.
1988) « [R T HfERELE N HE 20 HWEER
aRE ENEBR D ITERER N EIEM -
ARG B E R Z AR S R 81 7%
B AR S 0 28 2 AR B VB AR LB M IR B Y 35
=

SR - R B AR EY (liv-
ing mulches) =, A i & # & & ¥ (synthetic
mulches) & B[54 $REEN) & B00F & AV SR
Ik 5 W P 2 42 1] 6 2 9 T S B IR R R
3 E HY B RE f1 % 4= (Stapleton & Summers
2002; Hooks & Fereres 2006; Abd-Rabou &
Simmons 2012) - ZBZHEY) (cover plant) Fl14E
VB EVEIEM A ERT S - —RK
i B IEVINE Fo bk FEBS AN 1 B ERAY R 25
AT H S s B YR AR © Pk R ah - 2
=Ky DIRHIRE RN AR S EYEE
SV REET B FNRERE > HE) 18
ORFEEE - RRER - IREEE D - HIHIRERED
& BEFEYVNEYEREESY A NN
BLEY) A MEEHER R - HIEEHR (D)
BEAN L IATAE ST 5 (2) s HEEALE C (3) &
HEA] 7y il 1 R Y& o AR IRLRT L S (4)
Pk R A & 5 (5) PrEF - H /K5 (Kuo et al.
1995; Wyland et al. 1996; Reicosky & Forcella
1998; Unger & Vigil 1998) -

W o @ ow 0 Fl B3 TE = EE 5 (Trifolium
repens L.) TETE YRR A THR Z T8 & (E A W1k
BEEY - 7 AR R NE T LAyt
a1 SR EEND d R R RE - M BH R (SR Ty e
i B 2 B Y B BB S (Hooks & Wrights
2008; Manadhar et al. 2009) - K[> [ER H
1B = BEFI HH [ 2R 400 1 s 48 5 98 Y W AT
M TR AR BRI o AT AR AR EHE RHE
Yiiw s S8 AlGh = AR S A R
Frioa it - H mi el DL AR T B IV 55 0 25

ENTHEELEEERE  BAMARER - #
B~ B - DR R IR R (Albersheim &
Darvill 1985) 5 W52 &7R » 520 AT B2 B Rl
TEPERE A AR 3E R > W HIHI 3 R B 2
§) (Kuo er al. 1995) « ARif5% HEELL AL =3
BAE BV EE TE N AR S - SRS
P56 SLCPHV HE—ME 1) £ - 57 B2 S AV RE
110 DURCR A e s B R B i 7 m Y e 7
M AR S A e RS Y IR H AR
il SLCPHV WEEE EFf -

MBS E

IR EREEFENREAE

HHAEYERBREEHE 2 1 BN
o R B 2 wk R 201643 H 14 HzE2-3
HIEMNGEME R HME - SRR A )7 TR
B PREE S 0.8 m o JA M (A (I 45 PR BELATHE R
o5 REHEAS—FEER2 FE > &1
TEH 12K - sl HERETRT 2R
B HEIEH BEMSIEE BEES2
ANEE 1 NE AR BT IR 13 Bk (18 1A) > 5
fE=TEE R 2 S AT KIS 1B - & el B g 2 40
() DEf=858EEEYHES - 2) M
SRR SARRAT 1 Ry FE AR Wy M 78 25 I T 1% DA
# 747 R (E 747 KB A EEEEE o
15 M Y AP ) AR BE AL [ AR B R IR LS
FEEE 2-20 ZEHVAER) « (3) ELAREE
BAGIE R IR & R BIG4H - 5 2016 4F
4 H 8 HEHEN G 2 /N& G 1 Re T
gl (GRERhA R S i & kil - £ 0.215
m > 5 0.15 m FEERIEH BN SR E - FIRIE
HE 10 m > DU ER R TR 2 8 7% - BEH
HREHELY L wk - HEHBRMSAS E
L@ #% (SAS Institue, Cary, NC) H1 2 PROC
ANOVA (analysis of variance procedure) #E{T
7757971 (0 = 0.05) » DL Fisher’s LSD (least
significant difference) test fa Hi 5z F i “F 9 E
ZEREEE -

HERENRSREEEE TR

H 2016 44 H 15 HFEHBERE - HE
HERHRERLERE > HEHEOT ()
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Fig. 1. The demonstration of using white clover as cover plants in pumpkin field (A); Full view of white clover (B).

FH el A S8 AR bR > N HR B 2R st 45
R BhEREEK LS 2-3RET

2% Weng et al. (2015) fEY)4Fx (DNA) fZE
2 SH ETHL0.1 g 9B EEE A
ELISA grinding buffer (1.59 ¢ L' Na,CO,, 2.93
g L' NaHCO,, pH 9.6 containing 2% PVP-40,
0.2% bovine serum albumin, 0.05% Tween 20
and 1% N,S,0,) 2 mLJE&H A% » IH 2 pL
HA 25 uL GES buffer (0.1 M Glycine, 0.05 M
NaCl, 1 mM EDTA, containing 0.5% Triton
X-100) J& &394 > [ JE 95°C/10 min » B HY
1 uL A2 HU.Z DNA sample DL & i f2 ik 2
5| ¥ ¥ > SLCVup (5-GTGGGCCCTCRACCA
WTGAAATTC-3") & SLCVdw (5-GAACYAG
AATRAGATC GGRACA-3) #1TE &7 §8
K& (polymerase chain reaction, PCR) < £ 0.5 mL
PCR 80 & A 12.5 uL GoTaq” (Taqg DNA
polymerase, dNTP, MgCl,, reaction buffer) -

9.5 uL ## & /K~ 1 uL 10 uM SLCVup ~ 1 uL
10 uM SLCVdw %z 1 uL DNA sample » 42)7 fE
RefE By 25 uL - JREfEIRR(E By ¢ Denaturation :

94°C/2 min ; PEIY 7 FE © 30 /G532 (94°C/1 min—
52°C/1 min—72°C/2 min) ; elongation : 72°C/6

min © J{ 5 pL PCR [ JEEY) » #EITEERBE
B vk K7 FE N 4 5T SLCPHV 2 &9 % » (3)
INEFGHRREERUTEE - HEEEE
(DSMZ, Germany) # {7 7% & % % % Ji 3l &
(Double Antibody Sandwich-Enzyme-linked
immunosorbent assay, DAS-ELISA) #% JHI H
i H At R 3R E 40 CMV ~ ZYMV -~ 6§
&k BT 2 80 3 (CGMMYV) » CCYV » CMV A
ZYMV & o] fiF &5 E 5% - CCYV H R EEHy &k
FT (&% - BLoh - AT SN H CGMMV /Y
T2 B H R R R IR R A 5858 -

IREMREZRFENEINRE ETE
(landing assay)

A EtEs 208 Omondi ef al. (2005) fEfH 2-3
HEWRE LSRN RECR [& (L) x ' (W) x
5 (H) =65 cm x 25 cm x 20 cm] » HFEAIEE
TEE 2 RN > WEN 2 ZNIRE [& (L) x
B (W) x 5 (H)=75cm x 75 cm x 115 c¢m]
W DRl EEESNOE=EEE SR - )%
HU%Y 200 S 3REEHy dxplc g Y 6505 6 BE 2 6 Bh-f
MR EMREEH - W 1224364860 h
Bl Rl M ROKR 3 R RNEE R VB E
Dmar bR s sl B B E R E—F R o
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RS BEREIJBEEESTENEE - &A=
BaifetT 3 REE AR  WHHREES (e
(Paired-Samples ¢-test) CLERFAEEIEE] 3 WEH
R ER R A 5

BHENRIEARETIR EEHRE

S H EABAG Ry BRUCEAA B & R s ~ R
FERE - AEEIRIR A SAS EHWES (SAS
Institue, Cary, NC) 12 PROC ANOVA (anal-
ysis of variance procedure) #E{TE 9T (0 =
0.05) » DA Fisher’s LSD (least significant dif-
ference) test fg Hl pE B i 39 {H 2 22 REIE M -

e S

IREN RIREFE R E
B 4l SR U B S P R T I - S B
[ Y B SFE A ol ol e B SR B 2 S H P H R A
MFENHES A EHES € HEERIUAZA
(4 ATA)) - $R 28 25 A i 2 4H 7 R 28 28 IR AR
BECHETE 747 BRI RN SEE > 7
Al EFE 3201293 & OE=8EFHER
Hy e BiE T 1.3 & » BE RN HAER
Fa B (M8 2) - — 1% 3R B 2E I AT i B 4H A SRR,
BBATIERCHE S 747 B > FITFH BN EE
EoMEZR9.THS.0E  HEESHRELT

SR BRI o LR R o REE
S A R B IER R A = EER T
FREAR > 8 2R DA SRR BB 8RS Y BB AR P S B 1Y
UV YA T HI R EE Ry S 2 BEE VIR 47 14
EARBERBERURE AT - EEEE R
ik -

HEREREEEER

KFENFERMBLERE (2016 F£4 B
15 H) BtaRE HE M IR B RS £ > 3
T WY 2 7% i B U P 07 3 % 4E PR B I
0.1 {£5R BABAAREEAZ 0.13 > ZpEEM
BEEER - F2E3HE (5 A L) SREE
KSR SRR B R A IR B
BRI S 747 IRFRAL AR R S AL
SR EFFE 0.39 F10.33 0 [H{E S BEEEHEE
3£ 0.13 > 4 LR (B 3) -

B UG BA & 1 8% &8 PCR 2 F- 180l 1% &
WAt = # 5 EHE A A SLCPHV R 4 &
B 55.2% > BE WAL IR B B AT R EEAH Y
91.3% F15R 2 YA RBAG $E IC i 55 747 PR BEL4H Y
95.5% o H A JNMEFE & > A1 ZYMV ~ CMV »
CGMMV F1 CCYV g% » 4% ELISA f il
BEHMmIAgE =% > HZ% ks CMV f1 SLCPHV
WERZ FE 1) - 1B CGMMV iR R 1 -
B (B 1.7% bR T 5 A (S 38 0%

40

—eo=\White clover as cover plant

=a==Plastic cover
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Fig. 2.
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Comparison on the population dynamics of whiteflies in pumpkin field with different cover materials.
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0.5

B White clover as cover plant

Plastic cover with Oligogalacturonides spraying

0.4 | @ piastic cover
03 F

Eatio of viral infection

-
i

el 3. A [EEE R NHREFRE R -
Fig. 3. Comparison on the infection ratio of viral disease in pumpkin field with different cover materials. Asterisk
indicates significant difference as determined by a Student r-test (P < 0.05).

K1 mUEEFRERCRCE -

Table 1. The infection rates of viral diseases occurred on organic pumpkin.

Treatment SLCPHV* CMV ZYMV CGMMV  CCYV No. of Samples
White clover 552+£571%a" 89.7+£3.96%a 52+£0.14%a 1.7% 1.7% 58
Plastic cover 91.3+3.24%b 913+3.24%a 65+0.19%b  0.0% 0.0% 46
Plastic cover with Oligogalac- 95.5+3.33%b  75.0+1545%a 6.8+0.59%b 0.0% 4.5% 44

turonides spraying

“ Infection rate of plant virus.
” Mean separation within columns by the least significant difference (LSD) at P < 0.05.

IR FARERE - B NELRERNERE R —20 CREM

- e e e e RAERESENETEC EEE SR (#
4 17 H = |V _EU§
e 2) < BEAN » 75 B R T O B bR L
RN P R B ST B g g A E -
TETRA - SRR LIRS 747 B ER LA . N o
OIS SRS 1,13 ke~ 1.13 IREMREFRBEHEAEIVRS TR
kg F11.12 kg » &8st mmmtbnzrieg  (landing assay)

FaR - AEBHE AR S S T SRR SREERY A R i et B &S SR > BTt

2. FEIRIEIREMER R EEHRE -

Table 2. Comparison on the characteristics and yield of pumpkin.

Fruit weight ~ Fruit diameter ~ Fruit height ~ No. of fruit The rate of

Treatment (kg) (cm) (cm) per 80 m>  missing plant
White clover 1.12+0.12a" 146+15a 109+1.0a 55 0.28 £ 0.08
Plastic cover 1.13+£0.06 a 145+18a 11.2+1.0a 41 0.40 +0.09
Plastic cover with Oligogalacturonides spraying 1.13+0.13 a 147+18a 10.8+1.0a 53 0.41+0.14

“ Mean separation within columns by the least significant difference (LSD) at P < 0.05.
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SREEEE I T ERE R A R
BH 10& EFE 148 & 5 fHELZ T - HIR4E
HpEEE 8.7 E LT E 122 & > FiHH
f93 JEER Py kS E I I E 2 R (] 4) -
At =SS R & IR P B
WEE PRt IR I I > B W0 > BURIR
SERD S I i P AN R A S B o 1 2
Bl o 556 0 R pEtE TR 60 h > AGERERER L
N EREERBUR - IREER &P TEER R
BRI RIE T 57.7 KON R 45.8 KON - &E4raT
PEE AL R E R R (R 3)

E:J-?A
i af
KHEFEEGERETR Q= ERFAE
SN E B AR ERRIER &ERF R EH
AERYRUR [ R B SR SR B R Y
SLCPHV # A RMEW N A S EY ENE S
SRR R A B K o R R L PCR A
ELISA fig J5 55 ER LAY &5 SR 8w - HREEZ By

30

CMV #1 SLCPHV 18 & /% » H o H s fdl
=1k (yellowing) ~ k&Y (mosaic) ~ #& & (leaf
curl) 255 3 WA LEREUR - Ll £
fERLEAIR AfE =R R BN B R - #
J& PCR g M &5 SR BURM R & » H R 0 2=
TR TR AR R R HEOAE R BB KR
PR EBUR BT - ol RS - REE
oy Y B R D R A B R HH S SLCPHV
(3% £ > (B2 48 ELISA #6455 8%
i PR 8 N 2 ] CMV 1Y B EL B B = 2 75.0%
DLE - EHEREEEEER - BHENEROT
SRR RS AT SRV ThAE - H
BHME CMV R4 o AT AR S0M = REE
i EYIER R AE=EE4YMEER
R M (SR EE b e [ % R EE URR AP - IR
A = TR A V)M & R B R TS E YIS
BREEETHENFE—FFEE - Frank
& Liburd (2009) #9556 & AL = TEE I ]
Hil A AL EF 8 5 R B N H R 3 48 5 R RO

==& - Bare

H(E 25 | —i— White clover
Q
[ -
o 20
o
(0] -
o 15
o N R
D o T
£
= |

0

_________________ 1

12 24

4. REHRELRTERE -
Fig. 4. Landing assay of whiteflies.

*3. BRETHIENGE -
Table 3. The average number of eggs per leaf.

36 48 60

Treatment

Avg. no. of eggs per leaf

White clover

Bare (control)

57.7+133a"
458+138a

“Mean separation within columns by the least significant difference (LSD) at P < 0.05.
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ARl EUR A3 1L = 38 R 3w DU (R T 55
FHIEIRERE > W CMV ~ ZYMV ~ WMV-2
1 PRSV-W 1Y 5 {1 % & & (Hooks & Wright
2008) - RiEEIOE="EREE REEYES
A g EREN RN EYT R > AHEFIH
FNEEE N RAESHE O =EE TSR
B AR E LT SR TE by i R 1 1 A E DN AR
SFERRIE o &5 SR B e T AF R S IR 4 T e B
=5 o FIAMREREUR - HEO{E=ERAE
SEEENERENE R EEE 21 d 5] 7R
iy dh ks E A R E RS HE
[ & I 4 B 2 7= 5 (Hooks & Wright 2008) »
IHEE R AR EE R E - Hm/ERE
(1) BEEEYIAEEET RITESR - (2) IREH
a3 B I A A A A (R BCE A YR 8 (R i 1
A 2R B/EE 2 e SR
ISR - (3) HFEAYRER & /51K 5EH AR
BITAENIEHN R AN E - 52 RAENAE
HIRZ B 5 M - R = R R ER R AIAD AV A
THE - RRAMEGHE—DREHBER -
HISREE D i R B R - MR E R R E
Y B E AR TR 22 o ARTST S BT B PRI A £ B
17 s B N 2 A% A SLCPHV ~ ZYMV f1 CMV
TEPRET » AR AR I IRFEH 1 U 22 A8 f R =L AS 1
EnmARE I HE R REE
FROE RS HY E R (% - SLCPHV FIEREER
& 7 AT IR 2 A e M e & O E & &
Cohen er al. (1983) f5 i} 20 TRk & 45 T 1E 5
i [E (acquisition access period; AAP) 30 min
1 $% 78 BF [ (inoculation access period; IAP)
6 h BIA] 2 F] 100% MY EERCE > LML ITZE
frREENFHE (Retention time) slBg&HRIEH » 45
TEREED SR ER 4 h AAP > (REIFRER
AT 17 A IRBEEERE ST o KRR RELS
£ SLCPHYV 1S3 i 2 T 1 4 4 1)
B A =EE S A A ERE D &
AAP ~ TAP FI{r I R F AR - #EIL e
E=BE SNG4 SLCPHV BB Ay -
AW A B > At =ER A TR
iy dx BV IhRE - (HH RS R EUR - R
SNEHBEN Ot = ER g SR ENEE
o/ o Ol [ R R A I A U0 AR T M A e 4
R RMBRAE=ERE S R BANRE S

rere

]

66 % 541

I E R - BRI - RER
o 7 TP B i LR TR B s Y L B T Ry B 72
F 4 (Moreno-Delafuente ef al. 2013) » [RIL A
T 5 4R I Ay 2 0 P P o i 4 R R = sl 45
REEFENRR - RAERERET T H 5 a0
AR R ER RN A [F 78 S R & A IV
b BT RAENT A EERNE -

7EEPFHES KA 3 [EEHEEAN
REMPHMEZZR  (HRBEREHA
1B = TEFAY R IR A R i HL At 2 & AR R 4Y 1
wk o HER A = BE R N4 5 AR ]
REEELIE UK FED - B AR EHR AL
SRR E N LR E B & RIS
SHERERZERNER > &OoBEESEAEE
Fm 5 e o &M 2R - R R 3R
HRMEZEEECRRRESRAESHZE /L
B &4 - Lay (2003) f5MH A6 =FE R a0
RETEARYESE  TIBEEEEE RN
REMT Oft=FEREAARERIIERE
B LA TN O fE =B S
% » TR SR HA R EK - Ko R
RN FTLEHBEINN A BRI S
SN RERIEEA T 11 S Ak A -

ARG E  AE=E8ERES
Y EE %915 (- SLCPHV Y K 88 4 » BE R E
B EZ N - (2 AT DR /D bR B i FH B
AFRBHEBHEMIVREE - REFEEEN
B AE=EREHN T —HENLEREGHEA
AT HIIhEE » B T —HATEEREAYE A -
AR A A = BE A #E BRI S SR E AR 7Y ]
T B EELKEAEY) - WsEE B R R
WA~ Rk /D R S (R P R AR AR B AR I
BE - S AIRRR LI TIRGRR - AR
RZBE(HE (Lay 2003) = RAE M N A IR
Rt B EE S O fE =R IR
MR G EE A

E+5
at

AW FEHITIT R Z & 105 BE2F-10.
5.3-1E-VI 5t &E Z R - Al R AR =E
[EH{C AR B ST A T B (R DR B B R S R A B
TAE > TEBEEGH -
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Using Cover Plants, Trifolium Repens L., to
Enhance the Control of Insect-Borne Viral Disease in
Pumpkin Field

Wei-An Tsai"", Sung-Hsia Weng’, and Chi-Jia Chiou’

Abstract

Tsai, W. A., S. H. Weng, and C. J. Chiou. 2017. Using cover plants (7rifolium repens L.) to
enhance the control of insect-borne viral disease. J. Taiwan Agric. Res. 66(4):298-306.

Cucurbitaceae fruit and vegetables are important crops in Taiwan. Plant viral disease usually
cause the loss of crop production. There is no pesticide which can effectively control this viral dis-
ease. However, control of insect vectors become an important issue to date. Whitefly (Bemisia argen-
tifolii Bellows and Perring) is one of the important cucurbit pests known to specifically transmit Be-
gomoviruses, and Squash leaf curl virus Philippines (SLCPHV) has become widespreading in Taiwan
in recent years. Aphids are also important insect vectors, known to spread at least four common plant
viral diseases that damage Cucurbitaceae crops commonly. Living and synthetic mulches were evalu-
ated for control of the Bemisia argentifolii Bellows and Perring and aphids. This study focused on the
application of white clover (7rifolium repens L.) as cover plant in pumpkin cultivation. It showed that
whitefly population in white clover treatment significantly reduced, and infection rate of SLCPHV
was 55.2%, significantly lower than those of synthetic (reflective) mulches with 91.3% and oligomeric
galacturonic acid spray treatment with 95.2%. The proportion of viral infection symptoms occurrence
was about 13% at the end of the experiment. This study suggests that white clover would control the
population of whiteflies in pumpkin field efficiently. The practice has the potential to be applied to
construct organic pumpkin cultivation environment.

Key words: Cover plant, Cucurbitaceae, Insect-borne virus, Bemisia argentifolii Bellows and Perring.
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HIE /KRR (HEfE5Eas)
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BI5L— ~ B5F72 ~ EEE] 2 2017 » PR ~ REHERN(SE 2 o A A B /KRR B IR (e EER)

HETEmfE - 48 EENTSE 66(4):307-317 »

7% ¥ ¥ [Rice leaf folder, Cnaphalocrocis medinalis (Guenée)] & K45 £ & E Az — » Ao ARAARGER
ALY R SR - MR ARG R0 A B K o AR RENR IS 4h SR IE R AT IR R 7 AL
HRE o AT G R FRTRHE SRR AN 0 R RETH AL 54 (ASSESS 2.0) 2R E 477 I3 A
Emfeynl g o L& RMFERE (ATHERE) BTEAEGG— B (p, @7 0.983)  w HL& 8 5 o5 br
BB A AMEE R  soh 0 BRI T AR Y 29% A L egRIE R 0 Bl 2 AR AT TR A

PHE IR RS E AR T A o

RABEE | KRS - REAE - BvRmEiE - WE - e -

IS

7K (Oryza sativa L.) EHF FHEEDN
BEEY 2 — #8895 [EEREME K AEEK
fEo B 2KAE - FEUEANOMEKERE
H P 75 V& 0y 2 AR [Counce et al. 2000;
International Rice Research Institute (IRRI)
2002; Coats 2003]  J&4 BF i= [Rice leaf folder,
Cnaphalocrocis medinalis (Guenée)] & 7K
THEEHZ — LEHESEKELEREZ
TEAE > DL %5 B B e S S5 R 07 s
% H %5 Bt B (Dale 1994; Nathan et al. 2004,
2005) - EEFIR s G E BKEER (VEERH
& PEOLEIFHET  HILEKEZR
{& o Padmavathi et al. (2013) AYRHZT 240
B TR B E 4 s R KR Rl BEEU R 0 S R EE
LREIBL - RO EIFAREEHKEE  EiE

BOKIEEERAN T ZHFER - LGB ZW%HE
o HPDEEVIERE » TR EERER
2 18-24% (Yen 1981) ; [T £F TR Y HH 3K FE 47
B Z 5 » BURR IR 2 7T DUE R 11.18%
MV E &8 (Shanmugam et al. 2006) o

T H A AH BE B 22 - B0 S il e B IR S
A& KIS E BIBA 8 - B2 HR IR
Pl sy B Z R E st il > 2 FEBEHE
T FE TR — 20 73 R W52 (Selvaraju et
al. 2007; IRRI 2013; Padmavathi et al. 2013;
Manikandan et al. 2016) » R FHE 77/EE S
SOAEHE ~ DO & R BT I Y B B T R i —
HEHRE - DY B REIEN e Er N E
ZRAMAET K L HEEH N e & 55
A TEH BT E& (LETEITE (Bautista et al.
1984; Cheng 1987; Dangar 2008; Mohapatra
et al. 2009) » S AR A& J7 A 5] 1E FH

R EB 2016 F 12 57 H s 2 HW 201743 H 14 H -
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I$s 8 (Helicoverpa armigera Hibner) (Sel-
vapandiyan et al. 1998) K E fih & & (Lowman
& Heatwole 1992) B EM&E I - FHEYHE
FHE L B (image analysis; 1A) F
Tt amae o] DA o] 5 B IEHER A 5T FE 9090 = iR
(Lindow & Webb 1983; Martin & Rybicki
1998) M4 » R Hri#E ASSESS 2.0 :
image analysis software for plant disease
quantification (American Phytopathological
Society, St. Paul, MN) AIIAH ¥} 2 #48 FH 18
Y95 2 T fE I & F (Bock et al. 2008, 2009a,
2009b, 2009c; Xie et al. 2012; Yadav et al.
2013) » Hrfr Bock ef al. (2008, 2009¢) :mze{H
FI ASSESS 2.0 73t 2 &5 SR i B AE RS (accu-
racy) NI HE (precision) - 325 73 A 45
RRBEEWRERERELETREZ 71T
HermE Al REE R ERRAZG
IERBEERERERE - HATTNAF]
Fi ASSESS 2.0 it & F HEME -2 5%
(Mirik et al. 2006; Perovié¢ et al. 2008; Prior
& Hellmann 2010) » {HF]{E &8 F FHIWTEE
E PRI ASSESS 2.0 fE R HIE B EFEmKZ T
H o B30 R 3 HOH S 45 SRS B TS SRR T
D IVERES » RILART T LUE B A B8 A b
SRR T A AEEE RS -
(&2 Ak ZE a] £ DAJT A& AR 48 KOH A
YER ZBEEE > FaaEHRE FEEZHE
i (Bautista et al. 1984; Lowman & Heatwole
1992; Selvapandiyan ef al. 1998; Dangar 2008;
Mohapatra et al. 2009) » EHE45 R EHEN
RFENM: - M EEREY 775 T REFH SR R B
FE AT - ER AL - ASSESS 2.0 #AG REZR
ZWHEEMANEYREANE L - BREDE
a5 E L 2 [ R Y ORI 2 7 56 PR L BAG » RIE AR
W72 & JORF ASSESS 2.0 7 F it Jeg B7 #E Hi & 7K
MERBEANE 2R sHE R R IER R %
AR YRS B R R AR WEEE A T (07
AR RN R) Bsp g i Z Rl =R -

MR TE
AIERVKIBERS
A TE 53 1 0 R A L HE T A 67 98

rere

]

66 % 541

(‘TNG67)) DA Fe Fill ¢ & T "5 o AE 2k 1 5%
(‘TND) HEMRIR LR ET IR 1 2 5 iesha e - At
S K AR REHEE 5 IR (E VI S T+ (http://
www.afa.gov.tw/publish tree.aspx?catid=
70) - HUEE Z B R KoK HG oy B2HA (30 DAT 5 1%
fE1% 30 d) - L EER I & &P EER
s b MDA BRE R 0 SR E N | T
TERRESS (& 1) » PEZR T - 2o
PR 7 TN Ao sh e UG (£ 4 EES - Hek
W Fy 5 ETE o
NEEEZAIE

EWMBEER ZHREER R  NE—X
sl AR % 7 B PEFp At A L7520 (manual
approach; MA) 2514 73 #t 73 j5ll 4 5 AU & 1
B HEHE AR Pt BHAE 2 - BREHE
fEIRE 1 wk PLE 58 DUERR BT AL 5 HY SO IR SE -

AT AATTHEAETHI R - o hlfisE
RETE T T ERZ ISR & TR EE
ZITHEEL 0 WA 1 TR E A P 7 A%
BWHEEDE MRS G
AR AT HEE IR (BRAUHERNR) - BB
TR B R BB &IPS T B ML
Hora & 1 e ERAHE - R AT
O 8 AR IME - BB AIUH 2 RN IR Ry 58
RO SR e REny (B 2)

EETHEAER ZG WA AR
2 17 48 [&] i # PhotoCap 4.0 (http://www.pho-
tocap.com.tw) & 2% 52 G #ETT K& R > DL

i 1.

Fig. 1.
folder.

RETIEH /KRR 2B -

The image of damaged leaf caused by rice leaf
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Image analysis

Images of damaged leaf

y

Remove image

backgrounds

'

By ASSESS 2.0:

(1) The damaged portion was selected,

All time taken
D e R

and the pixels of selected area was
counted.
(2) a NT one dollar coin selected, and

the pixels of selected area was

counted.

2.
Fig. 2.

R EFHE AR PR -

Procedures of different assessment methods.

{58 ASSESS 2.0 A] DARE Z Wi 8 1 sk (1
TCHER R EE ) & R B BE AR A 2 — A
P} ASSESS 2.0 #iEAZE R 2B R - WA H
H HIS (Hue-Saturation-Intensity color model)
5 RGB (Red-Green-Blue color model) TEEE
EGENEHE - ERE - REEEE T E )T
Sl A B T i TR P DA B 2R 40 e T
gy R 1 ThE e o B — H AR e Rl R B A
StEZ &G R (pixel) » BEFEE 1 T
KA EER # o 2GR LPIERE R &
T o Ihoh o SHEREITIF IR TR R 5I0E
TEBEREGI MR Y - Z5EEG
ST SRRERF R R e BN ERR P G - 2By
T FERE B BTN 2 AR (8 2) -
et o

By TR M & 7 AR B S Rl
£X A Lin (1989) £2 Hi Y — S M AH B 4% 2 (Lin’s
concordance correlation coefficient; LCC) {E &y
i £ A o HL B (SR 450 A P L B 0 AT Y 4 SR A
Ehi > BURH E B dE R 2 A R —E
(agreement) » F2{t—({E 7 B o] & (LAY M7
7% (Bock et al. 2010) - Hoor > Ry — 22
FENES R M EE - Kite2—EE

D TR

awll] jJuswalinses|\
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Manual approach

Images of damaged leaf

By hand:

(1) The damaged portion was traced
on graph paper, and the total
lattice was counted.

(2) The diameter of a NT one dollar

coin was traced on graph paper,

and the total lattice was counted.

5B & AR R T RO MG 5 S Y A &A] (Lin 2008) «
FA 2Rty 2 {18 07 025 B W T A — B MRy
LCC (p.) AR A
pe=rxCy (1)
r B HBGE > ARNEBEE - Hik
BN E 8 2 AHRE B TR EOIE T AN
o] §E 1% (intra-rater reliability) I @ B 5 33 14
(reproducibility) ; 1 C, & ff 7= f =A% H
R & A AL R L 45 [ A E S ER
L P AR B A AR RS = p. FIHSVAT 0 8 B e
VENAS T ESR (R 1 #BEER 0) (912
EopHENR-1E1 2/ &p by 1 FEFR
B ETEEN—ENE 0 p. K 0 BFRIRRTE
R Z — M T p /N 0 2 Y RS B
BN 0 C, XATHERTR Sy
Cb=2/(v + /v + u?) (2)
Efv=o/o, LR u=(n, - p)o, x csy)”2 )
T o, 1, 53 B8 x F y 89755+ o, B o, 53
= x fl y BYfE#E 2 (standard deviation) © v #%
TR RE R 7= (scale bias) BERIRRHE - H
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ERTIERR x My 2B REE2MHE S M w
o7 fy fiL B 2= (location bias) » & H A/ 0
R x fl y 2 PHESE M E -

BN EDTANEN R MR ER
KT ek P BE A 1 R A 3 A A 2 e i L L
BHEEA/NZEE A o Bt LA & 05 734
fE— G IREARRNT CETTE - KREmiE &
T B ISR I) B E GG R SRR YU > 1
VR
3)

Yo =t mtv,ta te,

By, BonE— R ER HEFRVER ERE
FEEHVIGRE > m, R MR T 7ERVE (i =1, 2)
v, RK R U (=1, 2) > o B E IR R
SARIE (k = 1-5) > 1M1 &y AR EBIL HE A
[543 76 (independent and identically distribut-
ed; i.i.d.) AYEABRER S o #E— DA R/ NEZE
# B fg 1 7% (least significant difference test;
LSD) » $+#H I8 7574 ~ KR o R e B i
HIR TR E » RS B RS
Y5 5 AW BT A SAS
V9.4 HRF R 4TS 3.2.3 WRETT

rere

]

66 % 541

R

# 1 EHUH RS R 2w Jolisgst - BLE
BHEMS MEZ&K - m/NMEEATLT
7 (0.02-21.89 cm?) 152 {% 47 #7 (0.03-22.01
cm®) [ 2 ER A > (B P H R A 2 J B R
HGROTEAEEANIRE - SUNE TS
MiME » AL RTERER R
RARFE 1,106 s 5 [ &5 5 M & P& iy R
iR NT ARG Ed3-9
& o DAZCHIE 2 P FERF AT LRI - BURTE
TERNEREFFRERIEERT - AT HAEERY
RN 62.5 s ¢ B4 ERERFLLER T o HIEE
W 144 s - HAEZBRAEEFELX T H
BRGNS R T ETEE R TR
B SESMENE T AETRENERF
ERERARNYER - BESEIEMNE 0 WA
Frl g iUEmE L ERAK (EHZEL 031
cm?) o TREE B R ATRBUR S 6 o B B A
TIALI A EE 29-67% (£ 1)

N 77 20OH &= B & B Y R4S R
48 SR B B 0 5T B LCC AH R 2 &iat & (18
3) BUNAUAEESIEF AT A5 EAm 2 HER
ifii 7~ Cy Kz p. 53 Al By 0.997 ~ 0.996 K 0.999 »

T 1. ZEIOMRALITES 49 FoKREER ETHIHREE - HFENEER P - &R m/MEK
e -
Table 1. The minimum, maximum, mean and standard deviation of estimates of damaged leaf area, all time taken
and_ measurement time taken for 49 rice leaves measured by image analysis and manual approach on two separate oc-
casions.
Item Measurement method Min. Max. Mean Std Dev
Damaged leaf area (cm®) Manual approach #1 0.02 19.48 3.20 4.70
Manual approach #2 0.02 21.89 3.22 4.86
Image analysis #1 0.03 22.01 3.50 5.19
Image analysis #2 0.03 21.61 3.53 5.33
All time taken (s) Manual approach #1 40 1,106 212 193
Manual approach #2 34 984 215 193
Image analysis #1 50 307 153 56
Image analysis #2 64 333 149 61
Measurement time taken (s) Manual approach #1 40 1,106 212 193
Manual approach #2 34 984 215 193
Image analysis #1 35 151 71 21
Image analysis #2 25 188 68 30
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Manual approach

20t
15|
N
c
[}
S 10}
[%2]
o}
[}
(2]
<
51 . r=0.997
. 0. = 0.996
C,=0.999
Vv=1.035
o0 |L# 4 = 0.004
0 5 10 15 20

Assessment 1

el 3. DALCC B AN TITARM I b AN i 58
- ERESFR45° A2 —HER > RSB X
Sl —EUERY AR -

Fig. 3. Intra-rater reliabilities of two separate assess-
ment dates by manual approach were measured using
Lin’s concordance correlation (LCC). The concordance
line is indicated by the solid line, and the dashed line

shows the actual relationship between the two assess-
ments.

FRALAAMEEREAIEE S EANT]
S BRZTCHNE4ERIRE & R K —5
M o B A T 5 2T TR 280 B I B A B T
EUSBFWENEH L LA ELS
BEANTHANEEASENHENTIENE >
AUEHEBATFRIEER T AESEE
(s B B {H) (Lin 1989; Bock er al. 2010) » ifi
DABL Ryt - AT P05 215 o0 A 2 R A TR B I
W& EEH &2 T

BN ERBEIEER - B
EITH LA IS (B 4) > RIZROHE4E R
INEME S —EUE (p. = 0.991) » FrIs2 B
ST ESS R EA S B T AN TS -

BATHXMELE R o S E—
HiEEEE LCC T2 s G o
AN E A —5 - B S5 5RIEH
WA ORI & 7 AR — B LR &
I B 45 SR S A o < T A BN HL R 7 O R R
(C, 47 1l K5 0.993 ~ 0.994) K AEHE (r 53 7 By
0.992 ~ 0.989) » B —EMEIEE S (p. 7751

Image analysis

20 |
15
o~
c
9]
& 10}
[%2]
Q
[}
(2]
<
5t . r=0.991
o 0.=0.991
Co=1
v=1.027
ol 4 =0.006
0 5 10 15 20

Assessment 1

&l 4. LLLCC &GO KeHEHI I 7EN A 5E
M- BRESFR45° A2 84 MES WX
S —E AR SR -

Fig. 4. Intra-rater reliabilities of two separate assess-
ment dates by image analysis were measured using
Lin’s concordance correlation (LCC). The concordance
line is indicated by the solid line, and the dashed line

shows the actual relationship between the two assess-
ments.

F5 0.986 ~ 0.983) - [N bt ] DAER & 52 8 53 1 M

By T HE— 20 ERGE WA ] 8 7 74 R B2 g By
IR AR (G R AVRH (% - RTACEE
PR GG RSP E LT AT > 8 6 K IE]
7 53y BIBR SE B B e A B4 B AR
HHEZE [(MA — TA)/IA x 100%] B HUR ETH
FIRR 5 > LUK AT e i Y i B A B A (A - 2
6 K18 7 HYRLAT R AT S I R T R i 3
em’ & FTA BB G B 4 1A HEE R 0 B9 i
B BRI AT E R &R 87
Hr > H 2 SR R 5 R D s i g
PR 8 B (U B B H A 0 UM e R e s
BRA (5 > S BN ERL i BB AU B P i 2 R
fhE R0 A 14.71 (18] 6) J 52.28 (& 7) » AL
] DA E AR A B RO S B AV R EERY > G
SIS ARELEZES 5 BEEREEE
REFREHIRH > f B 3.5 BRE i
FER IS8R _EHIES, -

R E T 7% (method) ~ /KFFiHTE (va-
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5. DIATAERIESE  WEMKEEIITERIZEME RFEE - BRESTR 45° A2 88 MER

R B tirat il 2 — 88k -

Fig. 5. The accuracy and precision of damaged leaf area measurements on two separate assessment dates were eval-
uated by image analysis when measurements of manual approach were regarded as true values. The concordance line
is indicated by the solid line, and the dashed line shows the actual relationship between the two assessment methods.

All time taken

300 |

200 |

100 |

or y=-14.68 + 14.71 x
- r=0.773
.

0 5 10 15 20
Actual damaged area (MA)

6. ATHEEZ GOSN ERE PRy
B fAME - TG E SRR ERCELR -
Fig. 6. Relationship between manual approach and

image analysis for all time taken during measurement
processing. The solid line is the best fitting line.

Relative difference of time taken (MA vs. 1A) (%)

riety) KR EFIRE I (instar) FN T BH&
RN R &R AR EZ L& > B85
e R —PF2BNR 2 - IR R E
oy METTAMIEEE AR - /KR

Rating time taken

3 1200

y =41.43 +52.28 x
r=0.916

0 5 10 15 20
Actual damaged area (MA)

7. AR EZG ) I E BLATH B AR HYRA
o B HGTORREIER -
Fig. 7. Relationship between manual approach and

image analysis for measurement time taken for dam-
aged leaf area. The solid line is the best fitting line.

Relative difference of time taken (MA vs. 1A) (%)

IR R 2IRBEZR (P < 0.05) K&
MREAE 25 (P < 0.01) o [ fE M & AT FEH AV
AL e TR ERFPRERAHE - A

THAREZG A EAHRBEEER - 1
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2. HEEH - seBNER AR K AU E AR 2 87 0 ireiR -

Table 2. Variance analysis for damaged leaf area, all time taken and measurement time taken.

Mean Square

Source DF Damaged leaf area All time taken Measurement time taken
Variety 1 12.9° 4,396.4 1,960.0

Instar 4 1,081.6™ 462,126.2" 333,734.17
Method 1 4.6 191,468.8™ 1,011,317.6"
Error 189 2.6 10,908.0 12,225.5

" denote significances at 5% and 1% levels, respectively.

ISRt EEAmBEE R - Wit AR
ST G R - BUR A TN R o i
HU & R YA & A S At st L2 S - TRERS
SHAEFAER -

#E—2F th LSD g € 25 [ 1 ¥ B & 1 B
EERMFERAER - SRR AN S > £&
G A B SF- $ H R T A e 2200 s R A 7 Y
MELER > HERRELSD ZRENE (0=
0.05) » B Wi 8 I & 7 7% A A& i A M0 &
GETAER (R 3) 0 MAEMRRAREL > AT
FAIECRMERE Rl - B ERRZ
FEESRIEF G TE L 41.5% (% 62.5 5)
J206.3% (% 143.7 s) (& 3) - gh/KRE an i M
5 > TNG67” fy- P e i i =t 31.1% (2
TNI> % 0.9 em?) (& 4)  {fif {E FE 5 9 80 fE |

A2 5 - b BB IERENS > &
NeamE - 2SR AN EEGEH
—EFE R (R 5) 0 TR R E Y hOin A &
[EIfE - R SRR 2 HE 2 0 5 4h e e R
F “TNG 67 R flifeg TN 17 7K b e 59~ 35 HY
BB E 19.01 & 16.29 cm® (3£ 6) 5 4-5
1% 4y & Y & T FE 97 A SR BB &Y 92.16%
K 94.90% -

E:J-EA
aYJ af

W = T A 2 v /KR e A Y 2R B R (LB HE
BEREHA - RERTIERES AN RENE
JKIEEE 4048 fEEKIEE 2 28E (Sogawa et
al. 2003) > GEZL WIS AT 17 & 47 o A8

3. AFRMETEE G - SCRNER AR R AU B R 2 LSD e siR -

Table 3. Least significant difference test for damaged leaf area, all time taken and measurement time taken of dif-

ferent measurement methods.

Method Damaged leaf area All time taken Measurement time taken
Manual approach 32A° 2133 a 2133 a

Image analysis 35A 150.8 b 69.6 b

LSD (a=0.05) 0.5 29.4 31.2

“Means within each column by the different letters are significantly different.

4. ARUKREGEE P EEER - e SRR R AN BN 2 LSD e s -

Table 4. Least significant difference test for damaged leaf area, all time taken and measurement time taken of dif-

ferent rice varieties.

Variety Damaged leaf area All time taken Measurement time taken
TN1 29B° 1832 a 141.8 a
TNG67 38A 1809 a 1412 a

LSD (a.=10.05) 0.5 29.4 31.2

“Means within each column by the different letters are significantly different.
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% 5.

A EREE AR H HA ST P E B IR ~ SN AR P RE S BRI B A6 2 LSD AESS IR -

Table 5. Least significant difference test for damaged leaf area, all time taken and measurement time taken of dif-

ferent instars.

Instar Damaged leaf area All time taken Measurement time taken
5 129 A" 3573 a 282.0a
4 3.7B 23270 199.2b
3 09C 141.7 ¢ 1044 ¢
2 02D 107.0 cd 703 ¢
1 0.1D 89.1d 65.5¢
LSD (a = 0.05) 0.7 46.6 49.3
“Means within each column by the different letters are significantly different.
6. AFEIFEIEEIIEFER “TNG 67 KAl ‘TN 1" /Kig iR P H & s -
Table 6. Means of damaged leaf area of different instars for ‘TNG67” and “TN1".
Damaged leaf area (cm®)
Instar TN1 TNG67
1 0.06 0.05
2 0.16 0.21
3 0.61 1.23
4 3.57 3.83
5 11.89 13.69
Total 16.29 19.01

AR AT 2 2% » BEKBEEWR
2R 2 DAL B H A Ry FLEE (Bautista et al.
1984; Cheng 1987) » 13 E- i 78 HI 1 T8 B I 4y &5
N EBEERE > ZLIJTHRAL (Cheng 1987) 5
B EER KRR HEERERETHE
(Heong 1990) - #:{EfE P MH BHRERE & > H
R ERR G R - BEIEERR (‘TNG 67,
30 DAT) 27 EHgHlEHEfE B 21.4 cm® (17.0-
26.9 cm?) » BIARHIZE (‘TNG 67, 30 DAT) 245
AT (19.01 em®) (3£ 6) 5 ifi fillfE (‘MR-84’,
40 DAT) b HU&TERE (24.3 om®) HIIELANTZE
(‘TNT’, 30 DAT) 24558 (16.29 cm?) (E6) H
HL2 PR > R4S R TTEE R 2 EKRE AT « KAEE
B FREEE (EREHE) RNETTEE
(A2 5% (Cheng 1987; Heong 1990) °

HE D T RERH G TIES SN ER
& HETIETEEER ZEEE - AR FERE
B YRR K AT > T BL ASSESS 2.0 #k
BEMETT AR T 50k > AT DU D 29% DL B

HERFR (3= 3) > BLAMEZE T T E RS SRS
TR EREEEES AN T HRX—2 FHLM
ASSESS 2.0 S EIT G 7 > HEEGHE
B R R I IR B R AN W T A - AS-
SESS 2.0 fff 78 T4 28 F A #E 17 &3 5 2 1A AE0OH
=AMt EERERNES RN E—TH
Srifratam e o MR DRI R4S RAVKE E S R R
FE Uk — 5T 5 (Mirik et al. 2006; Perovié et
al. 2008; Prior & Hellmann 2010) o A &iff 5% £
Fi ASSESS 2.0 7R 7 28 % 4= HY & 2% [y A Y OH)
& Wamee it )7 7A B A HE SR %S K AT
£ o BEiF R AR EE A E £ R VRS 0 BhAh
HERFETEREGEEHREMNTMESH -
ANLHXHMEE AN SEEHEENS -

MG R T AN AT SEE IR A MR AR

EMHEREAEESREISA Z0 R &E
Z o HBTRARENEN RS > S5 FY
HAEME SHHERE - BB ER IR LA
RRKEHENREN  PIOARHENZGS
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AR > HEAEARTENRTER B
WrEREEA o NS R - NREE B
ASSESS 2.0 G ET R G 0T > R EE A
M EERNESR  ERtE2E I
T TR (R

G 5 A R LA e 8 Y B AR
BN B B R IR RS > £
TEAE B A B i BRI M — 2 W] DASSCHE R FT 2
RO EHEANE ¢ (e X5 g B YR EBCR
b BRTEEREHERE IR GEETEE
RSN ERERZEEER LG > TEE
REOHE R EENE > R A EA
A e BA R G aEEEE > TEUEE
RFAE > ATHEEIM AR RES > &
FEOHZEERERBACMHE - SHEHRRERE
RFE > FyREOAsGER > MFE—F
BERTEENR LR 2R HILRA R
Ee IR EARE W HEEAEGRELNE
Fh o EERA S0 R R R T
% WSS EMON RS R > MkdE
EEBRETT R > BHRERER BN O R
iR bR -

REEE ROKMEER RS F T EE
SRR o TR R BN TR B AR o A Z B
MEAE /KR EE R RS BER E& 2 E
MeEHHREEIE  HME8E (UETE - |
JBE) - WE (B EEVHEGES
PR RE G R B o i ZRR A S AT R EL A A
o~ BRRFE - BEGON ERENRLOEE
g

ARBETHEAZHES - HERGE
$E S/ NERIED - EEERE LUERSER > £
B —f e -
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A Rapid, Accurate, and Precise Image Analysis to
Measure the Damaged Leaf Area Infested with
Rice Leaf Folder

Hung-I Liu', Shou-Huang Huang”", and Kuo-Szu Chiang™"

Abstract

Liu, H. 1., S. H. Huang, and K. S. Chiang. 2017. A rapid, accurate, and precise image
analysis to measure the damaged leaf area infested with rice leaf folder. J. Taiwan Agric.
Res. 66(4):307-317.

Rice leaf folder [Cnaphalocrocis medinalis (Guenée)] is one of the major pests of rice. Injury to
flag leaf caused by rice leaf folder larva will reduce the efficiency of photosynthesis process, thereby
leading to serious yield loss. Traditionally, the damaged leaf area of rice leaf folder has been measured
using manual approach. However, the traditional method takes relatively more time and manpower. In
this study, the image analysis via ASSESS 2.0 was used to measure the damaged leaf area. The result
showed that measurement and analysis of image was highly consistent with that of the manual ap-
proach, which is regarded as the gold standard (p, higher than 0.983). Moreover, the variance analysis
showed that the two methods had no significant difference. In addition, the image analysis can reduce
at least 29% measurement time. Thus, image analysis can be recommended as a tool for the damaged
leaf area measurement infested with rice leaf folder.

Key words: Rice, Oryza sativa L., Rice leaf folder, Cnaphalocrocis medinalis (Guenée), Measure-
ment, Image analysis.
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Table 1. The composition of different instars of coffee

berry borer in infested coffee berries collected from
field.

The composition of different developed stage
in coffee berries (n = 40)

Stage Percentage (%) Number
Egg 70.0 6.1
Ist larva 62.5 1.9
2nd larva 70.0 2.4
Prepupa 65.0 2.0
Pupa 50.0 1.3
Female adult 35.0 0.4
Male adult 90.0 5.0
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b A 13 1 BRI E L A%
B DUAE: SRR A e R 5/ N R M LY B 10 2 ]
IRAHAT - RIS - e NEAT A
A DL R PR R A= RV 42 B (Wobachia) (Vega
et al. 2002a; Werren et al. 2008) » E& K A&
e A B AV PR F T (R Y MR EE AR 22 08 K 97

REHIE -

A BAIH 2 EAFEAER RS > &
PRET A (B PR il s T S I AP SR/ N )
R I LA FIHYHESE 7 30T SER B o kR
INEERUNAARFE (R 2~ £ 3) > LERE
SR T TR B CR B RIE - ATRE

2. UNWESR/INEE DR (R SER LR ARAG R 24 ~ 48 K T2 h HYRBSE LR -
Table 2. The cumulative mortality of coffee berry borer by direct spraying with different insecticides after 24, 48

and 72 h.
Dilution The cumulative mortality (%) of each insecticides treatments by direct spraying

Chemical factor n 24 h 48 h 72h
80% Carbaryl WP 850 45 26.7+39a° 289+59a 289+59a
40.8% Chlorpyrifos EC 1000 45 15.6+2.2 ab 15.6+2.2ab 15.6+2.2ab
2.4% Deltamethrin SC 1000 45 11.1 £2.2ab 11.1 £2.2 abc 11.1+2.2bc
18.2% Imidacloprid SC 2000 45 15.6 +4.4 ab 15.6 +4.4 abc 15.6 +4.4 ab
2% Abamectin EC 2000 45 44+22bc 6.7 3.9 bed 8.9 +2.2 bed
11.6% Spinosad SC 3000 45 0.0+0.0c 0.0+0.0d 8.9 +£2.2 bed
50% Cartap hydrochloride SP 1000 45 4.4+£22bc 44+£22cd 44+22cd
18.4% Chlorantraniliprole SC 2500 45 6.7+3.9 be 6.7 +£3.9 bed 11.1+£2.2bc
11.7% Spinetoram SC 2000 45 0.0+£0.0¢ 6.7 3.9 bed 17.8+5.9 ab
H,0, Control - 45 0.0+0.0c 0.0+0.0d 0.0+0.0d

“Means within each column followed by the same letter(s) are not significantly different at 5% level by Dunn multiple comparison

test.

3. REDAFZERIREERE - /Y 24 h RIIYEFRVNEE 2L TR - RE LEERCPIARILE -
Table 3. Mortality, averaged damaged fruit and infestation hole of coffee berry borer by fruit dipping treatments

with different insecticides after 24 h.

Coftee berry borer exposed with fruit dipping with different

insecticides treatment after 24 h

Chemical Dilution factor Mortality (%) Damaged fruit (%) Infestation hole
80% Carbaryl WP 850 40.0 = 5.8 bc” 13.3+£33a” 1.3+03a"
40.8% Chlorpyrifos EC 1000 86.7+6.7a 40.0 £5.8 be 40+0.6cd
2.4% Deltamethrin SC 1000 533+33b 10.0+£58a 1.0+0.6a
18.2% Imidacloprid SC 2000 13.3+£3.3de 500+5.8¢ 57+03d
2% Abamectin EC 2000 233+88cd 33.3+88b 33+09bc
11.6% Spinosad SC 3000 16.7+3.3 de 46.7+3.3 be 53+£09d
50% Cartap hydrochloride SP 1000 733+133a 6.7+33a 0.7+03a
18.4% Chlorantraniliprole SC 2500 533+£33b 16.7+6.7a 1.7+0.7 ab
11.7% Spinetoram SC 2000 40.0 £5.8 be 433 £33 bc 43+03cd
H,0, Control - 0.0+£00¢e 70.0+5.8d 7.7+£0.7¢

“Means within each column followed by the same letter(s) are not significantly different at 5 % level by Fisher’s least significant

difference (LSD) test.
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Appendix The composition of life stages of coffee berry borer in the 40 infested coffee berries.

Number Egg First larval instar Second larval instar ~ Prepupa Pupa Male adult ~ Female adult
1 0 0 5 0 1 1 6
2 3 0 1 1 4 0 5
3 6 1 2 0 0 1 0
4 0 1 2 2 1 0 0
5 16 3 12 8 0 2 6
6 0 0 0 0 0 0 5
7 5 4 6 4 0 1 1
8 1 5 2 1 2 1 12
9 7 1 1 1 0 0 6

10 2 3 4 1 1 0 1

11 8 2 6 4 3 0 3

12 2 0 1 2 3 0 8

13 3 4 1 3 2 0 1

14 12 0 0 6 0 1 8

15 0 0 0 0 0 0 1

16 2 0 1 1 2 1 17

17 2 3 0 0 1 8

18 4 2 5 6 1 0 3

19 15 1 0 1 0 0 1

20 0 0 0 1 3 0 3

21 0 1 2 0 6 0 11

22 6 4 7 5 0 0 4

23 6 5 0 0 0 0 0

24 21 2 3 3 0 1 4

25 7 10 0 0 0 0 1

26 16 0 1 3 2 0 2

27 23 2 1 0 0 0 2

28 0 0 3 2 2 1 8

29 0 0 1 1 2 1 12

30 2 4 0 0 0 0 3

31 0 0 0 1 5 0 31

32 0 0 0 1 2 0 10

33 11 1 3 0 0 0 2

34 7 6 2 4 0 0 2

35 14 4 3 2 2 1 1

36 0 3 6 0 0 0 0

37 2 0 0 0 0 0 4

38 20 0 0 0 0 1 4

39 5 3 4 7 3 0 1

40 19 3 6 8 1 1 2

Ave. 6.125 1.925 2.35 1.975 1.2 0.375 4.975
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The Composition of Life Stages of Coffee Berry Borer
(Scolytidae: Hypothenemus hampei) in the
Coffee Berry and the Control Efficacy of
Different Insecticides for the Pest

Yi-Fen Chu', Man-Hsia Yang’, Shu-Fen Chang’, Po-Hung Chen®, and Tai-Chuan Wang"”"

Abstract

Chu, Y. F., M. H. Yang, S. F. Chang, P. H. Chen, and T. C. Wang. 2017. The composition of
life stages of coffee berry borer (Scolytidae: Hypothenemus hampei) in the coffee berry and
the control efficacy of different insecticides for the pest. J. Taiwan Agric. Res. 66(4):318—
325.

Coffee berry borer (Scolytidae: Hypothenemus hampei) is the most destructive pest in coffee
industry worldwide. Recently the pest was as an in Taiwan and caused severe economic loss in plant-
ed areas. In this study, the composition of different development stages of the pest in coffee berries
and control efficacy with different insecticides were investigated by direct spraying and fruit dipping
methods. The all stages of coffee berry borer were found in the same infested berry and the female
to male sex ratio was 13 : 1. The insecticides control efficacy by direct spraying showed the low mo-
rality in every treatment. The insecticides with the best control efficacy were carbaryl, chlorpyrifos,
imidacloprid, and deltamethrin treatments after 24 h and 48 h, causing the morality at 11.1-26.7%
and 11.1-28.9% separately. However, the insecticides with the best control efficacy were carbaryl,
chlorpyrifos, imidacloprid, and spinotram treatments after 72 h treatments, causing the morality at
15.6-28.9%. Fruit dipping method showed chlorpyrifos and cartap hydrochloride treatments caused
the highest morality at 86.7% and 73.3% after inoculating the coffee berry borer. However, comparing
the infested fruit rate and infestation hole, cartap hydrochloride treatment had the lowest numbers at
6.7% and 1.7, while chlorpyrifos at 40.0% and 4.0, indicating cartap hydrochloride was the best insec-
ticide to control coffee berry borer.

Key words: Coffee berry borer, Insecticides efficacy, Instars.
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Fig. 1.
Kaohsiung City, Taiwan from 2011 through 2012.
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The population dynamics of Thrips hawaiiensis and Scirtothrips dorsalis in mango orchard at Fengshan,
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F 1. BB AL RRF BLRGA T Z AHRR RS -
Table 1. Correlation coefficient of the population of thrips with meteorological factors, in Fengshan District,
Kaoshiung City.
Parameter Scirtothrips dorsalis Thrips hawaiiensis
Temperature
r 0.49507 -0.23383
P 0.14570 0.51550
Rainfall
r -0.38050 -0.28507
P 0.27810 0.42470
Relative humidity
r -0.85840 -0.30708
P 0.00150 0.38810
F2. 2011 FLIREIZERITAT R/ N &S HTRER -
Table 2. Efficacy of pesticides for the control of Scirtothrips dorsalis on mango in 2011.
7 d after treatment
No. thrips/20 leaves (% control)
Treatment Pre-treatment + SD Ist 2nd
9.6% imidacloprid SL 2000x 1193+ 7.7a° 15.7+ 183 a(86.1) 6.7+£5.0a(95.0)
2.5% spinosad SC 1000x 112.7+£9.0a 67.7+26.0b (35.4) 47.0+£17.3b(61.8)
48.34% carbosulfan EC 1000x 1333+ 12.7a 20.0 £ 15.0 a (86.3) 41.0£15.0b(71.9)
11.7% spinetoram SC 4000x 1247+5.7a 15.7+£5.72a(86.3) 28.7+18.0 b (79.0)
18.2% imidacloprid SC 3000x 129.7+43a 33.7+22.0ab72.1) 25.7+12.0b (82.0)
50% methiocarb WP 800x 110.7+9.0a 13.7+8.7a(86.9) 8.0+7.0a(93.3)
15% tolfenpyrad SC 1500x 1213+73a 39.0 +£24.0 ab (65.5) 7.7+2.7a(94.3)
10% Chlorfenapy SC 2000x 133.0+14.0a 26.7+ 153 a(78.6) 7.3+3.0a(91.8)
CK 1343+ 15.7a 1253 +£22.0¢ 147.0 £20.0 ¢

“Means within a column followed by the same letter(s) are not significantly different by LSD test at 5% level.

2012 FE 7 B RSB —RIEEE % 7 d FHE -
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Table 3. Efficacy of pesticides for the control of Scirtothrips dorsalis on mango in 2012.

Treatment

Pre-treatment + SD

7 d after treatmemt
No. thrips/20 leaves (% control)

1st 2nd

9.6% imidacloprid SL 2000x 231.3+11.0b"

2.5% spinosad SC 1000x 221.0+73b
48.34% carbosulfan EC 1000x 251.0+18.7b
11.7% spinetoram SC 4000x 47.0+£16.7b
18.2% imidacloprid SC 3000x 1693+123a
50% methiocarb WP 800x 197.7+123 a
15% tolfenpyrad SC 1500x 212.7 £20.0 ab
10% Chlorfenapy SC 2000x 2263+13.0b
CK 211.7£22.0 ab

46.3+24.0 2 (88.1) 413+30.0a (91.1)

125.7+19.3 b (66.3) 164.7435.0b (62.8)
473 +16.7 2 (88.8) 59.3+£24.0(88.2)
46.7+18.3 2 (88.9) 88.0 £29.7 a (82.2)
38.0 £22.0 a (86.6) 4774223 a(86.1)
46.0+23.7 2 (86.1) 34.7+30.0a(91.4)
503 £23.7 2 (85.9) 39.7+21.0 2 (90.8)
60.7 +32.0 a (84.2) 373+313.0a(91.8)

3543+31.0¢ 421.0+45.7 ¢

“Means within a column followed by the same letter(s) are not significantly different by LSD test at 5% level.
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FA EC ~ 40.64% M {£ 5 SC ~ 48.34% T E: 7
% EC ~ 40% 479 J5 15 SG ~ 50% J§ 5 ¢ WP K
2.5% W akA% SC & 7 Tk s B T /N = AT
MR B > LA EE T 9.6% 25 2 i SL K
50% K5 50 WP /N & B I [ a U A HHIE
G M 25% B AR ERNGER - EF
A E— TR -

ARG R TR R R/ NEE EH
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Population Dynamics and Evaluation of Insecticides for
Control of Scirtothrips dorsalis Hood on Mango

. 1’*
Hsiou-Hua Hao

Abstract

Hao, H. H. 2017. Population dynamics and evaluation of insecticides for control of
Scirtothrips dorsalis Hood on mango. J. Taiwan Agric. Res. 66(4):326-332.

Study on the occurrence of mango thrips was carried out in southern Taiwan from 2011 to
2012. Result indicated the chilli thrips (Scirtothrips dorsalis Hood), occurred all the year round in
mango orchards and with the highest population density, followed by the flower thrips [7hrips ha-
waiiensis (Morgan)], which only occurred in blooming stage. The population of chilli thrips built up
during mango early blossom in January, and with a peak in March. Its population increase rapidly
during mango developing new leaves between July and September, and the first peak appeared from
September to October. The population abundance of chili thrips decreased with high relative humidity
in mango orchard (r = -0.85840, P = 0.0015). Eight insecticides were tested in the field against chili
thrips. Results indicated that imidacloprid 9.6% SL, methiocarb 50% WP, tolfenpyrad 15% SC, and
chlorfenapy 10% EC showed more effective in controlling this thrips.

Key words: Scirtothrips sorsalis Hood, Population-dynamics, Evaluation of insecticides, Mango.
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2 R BR e 5 5B R R B RIR S SRR R F gk gR o W R R A LEE (xanthine oxidase; XO) T #p |
BN KRB A AR A G IR BR . o AP RARIE 24 A K 2 H S EEAR - AL M BOK ZE MR B XO 2
R BT K% % (Alpinia galanga Willd.) Z 7845 3 Bty LA S 4R 7 > AL 32 (Mesona procumbens Hemsl.) Z "6
E, S ATMHBEAFML - KB R ETHERY b oy F M E & 7488 M8 34 (gas chromatography-mass
spectrum; GC-MS) #-#7 » B H¥p 4] XO FH1Eey £ &4 T4 A (1°S)-17-acetoxychavicol acetate & p-coumaryl
diacetate ° & SCRKE B 1€ ARG &4 I B AT 4 % 5 AR BR o JE 09 249 allopurinol B 4845 2 XO ¥ 4] &bk -
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RABEE © SPRBRIIE ~ SRR A (LER ~ HIRDEME ~ AR -
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FREE = N\ B8 77 e YIS (purine) 7
ANAHEEY > ERTFIREZERE
R~ MR EVEEBERZEE - Bt
W IREEHVRE S —fRmE &5
PEIR T AR B #E3 6.5 mg dL > S
i#%6.0 mg AL Bf > [HRBRBNEERS
#% F% B = PR B8 i1 fiE (hyperuricemia) (Johnson
et al. 2003)  SFREEIMIEREE > FHIRIEAS
DUTE I BRI BT - 575 5% R 671 3R I 728 2B KR B
R R (5 T8 Y 98 R - BRE L2 5 0 i PR B I
W S5 8 E&EA - SR -~ OB B DA
PR 975 % %= 9% (Quinones Galvan et al. 1995;
Johnson et al. 2003; Chien et al. 2008) - g4
F 12 2005-2008 FHETHER T 0 GE B
MBS RBRIIEER R 21.6% » KN 65 5
TEFRUHBERTIEE 25.8%  LHERESR

B MEREEE B 9.57% » S B MR » (HEFEL
1 BB R A = 2 33.6% (Chuang ef al. 2011) -
BEAh » GEREREAFEREFN A (Maori) [F
Ry 4 BRVE B8 1) PRI (T B e B L 1) B v Y TR B
(Chang et al. 1997; Chou & Lai 1998) - = f§
B I e JEL O 33 38 I PR B = BB 3 <t Yy
BHYIHEH -

B 15 S (ElF (xanthine oxidase; XO) &
ARG R BEAVRE B R - HAH R ZE L
ALK& RS (hypoxanthine) » & il IS
(xanthine) » £ # — 2 fif {b 55 0% FE 42 PR B
(Ramallo et al. 2006) - & XO #% {1 8F > R
BEHY & 2 IH - PRI PTRR (R AR A PR BE BV RS -
Allopurinol £y B Aif 7 Al I 8% B2 ( 1Y V6 1
= PR R M AE Y EEY) - B SRR EHE %] XO /Y
EME D PRBEAE R 55— TR SR K E IS A
Ty XO WA G T ML ACH ~ B BT - M
(o] BE O 1S A IR HY & B > BIE IRk & R B
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HYRTEEY)EE A > B DA XO JEME T LE #
2 3th 2R T Y PR LRSS (Cameron et al.
1993) -

Allopurinol HY&EHE K —FEITS DY) - I
1% 2 h (N & XO fi (L2 &y oxypurinol -
oxypurinol F Bl XO & 4 41 (H &5 & i& il 5 ik
1 %] K FE (suicide inhibition) (Massey et al.
1970) « REAYE » EHE 20% 1Y EE G HEFEH
Allopurinol I 7 4=~ R &I{E H - i AR B 46 %
B~ 22 B - FF X% (Stamp et al.
2007) « A NEEE T Z —HIHEE g5
LB I EE Y R B E - 40 TR O - sRARTE
{EEEE | (Stevens-Johnson Syndrome) K 55 [ %%
7R » BB E] 2 20-25% (Mockenhaupt
2011; Kim et al. 2012) - Rt > FEEA N HE
TER/INEIME BT B » A B B SR T -

XA =R A AREE - HAFRK
K EITE FHAYES G500 » ORI A aa AR B
ERVEHEL (Sweeney ef al. 2001) - B 5L EEHE
TIRIEREE HEEM > FRANRAEL 2R
M EHEERH R EENEY) - BEE-YE
FHOBMREBELTE  SAEREBEFER
HOREINRL > AIAEE 86 1F F B R o AR 1
TEVIRR &8 - ARW5THkiE 24 A REANRFIR -
AFEURE o B EURMERRET KAV AR L F M
B BFE&EEE (Alternanthera paronychioides
St. Hil.) ~ ¥ & (Amaranthus viridis L.) ~ FT3%
(Apium graveolens L.) ~ N EL (Artemisia indica
Willd.) ~ R E & (Emilia sonchifolia DC.) ~ [o]
H%% (Helianthus annuus L.) ~ R (Ixeris
chinensis Nakai) ~ &= #53% (Youngia japonica
DC.) ~ LLI%% (Eutrema japonica Matsum.) fhfi
H 3%, (Mazuma) K "&£ 70-1-1 5%, (Tainung
70-1-1) ~ b4 E (Orthosiphon aristatus Miq.)
IS (Mesona procumbens Hemsl.) i & BEE 2
%% (Taoyuan No. 2) ~ TE={ 1 5%, (TARI No.
1) & "5 E, (Tai B) ~ £+2¢ (Salvia miltiorrhiza
Bunge) /KT & (Ludwigia octovalvis Raven) ~
HFTEL (Plantago asiatica L.) ~ #KE (Setar-
ia viridis P.Beauv.) ~ THEREL (Scoparia dulcis
L.) ~ M (Lycium chinense Mill.) ~ TE%
(Physalis angulata L.) ~ KF§E (Alpinia galanga
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Willd.) ~ HF# 4 (Curcuma aromatica Salisb.)
K% (Curcuma longa L.) > DLEENEZHY)
B K ZEHUY)HE A AU XO JEME Z 205 » H
B KRB AR 2 BRI A A& 2
MHIRE - KEERER ANBEY - RER
HEF R RAFRETE W AR B L
REMERER (Seo et al. 2013) » JRE] VAR
R M B ET % (Latha e al. 2009; Weerakkody
et al. 2011) » BURA MRS o ZAT 48 75 0 4
BH e SRR B kK R B T B 4% o L 1 R T
X 0 BORTHEIREE 2 R o AT HE— P ERETS
K EEAIH XO SR AE RS » DR
RAREFEMA - F% PR E M BERE
-

MBS

A BE A7l B ZXEY

HRGEARBMRITINE 1 FrAME &R
2014-2016 F£HEE S MRS - PORHEREDEF
% DASSCHEFSZLERZ R 2 d DL E B8 Rk -
F A Rz e F 2 ARG B (BESR > B08)
JEERE > FREK A 6 mm FLIKHYER 48 B ER UL R R
IR HETTRREEOA Y 4CH R - ZREUTE R
Z K ZE HUE (Soxhlet extraction) o {5 A B-811
%Y REZE A4S E (BUCHI - 5 #2) » HY 10-30
g MR RIME N R IR ZERESEE F > i A 100
mL R R S h R UCEZEEUR » FrA Z5HL
WA TR E AT E DL 0.45 um PVDF JEfE
(Merck » fE[H) )8 - ZHURBRE ZEFE S
2 HUR SRR R S MG U /2 AR EZ KR 1% 2 52 18R Y)
FZ B bR DAZEHUR 2 BE R -
B2 XO MFHLEE DT

XO TR Ene f AL PR EE - ZEHUTH XO
B 123 0T I PR R & R PR R RV EE R TR
(Nguyen et al. 2004) - s 777241 240 uL
[ FER AW > AR 100 uL 50 mM KH,PO, ~
120 pL 0.15 mM #E% « 12 uL 0.147 U mL"
XO DA Je 8 uL f5F 77 A7 4% fm o FiT A &% i B T
E Sigma-Aldrich (3 E) - K B E
B 4% M7 TF $2¢ % 45 0.33 ~ 0.67 ~ 1.33 pg mL”
Allopurinol (&} 50 mM KH,PO,) K 2= H4H
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1. 24 TEFEEEEH] XO JEMZ 0 -
Table 1. Analysis of XO inhibitory activity of 24 herbal medicinal plants.
XO inhibitory activity (%) Extraction
83ugmL' 16.7pgmL’ 333 ugmL’ rate (%)
Family Species Tissue E W E W E w E W
Amaranthaceae  Alternanthera paronychioides Whole grass 23 1.7 20 03 1.5 03 153 212
St. Hil.
Amaranthaceae  Amaranthus viridis L. Whole grass  -1.4 0.1 13 05 14 -1.0 12.8 5.9
Apiaceae Apium graveolens L. Seeds -0.6  -6.7 05 -45 34 038 1.1 133
Asteraceae Artemisia indica Willd. Leaves -1.5 -02 -1.7  -33 -49 -6.1 22.8 288
Asteraceae Emilia sonchifolia DC. Leaves 34 04 23 -14 -1.7 08 187 233
Asteraceae Helianthus annuus L. Leaves 1.2 -75 0.1 -22 2.1 -0.6 219 152
Seeds 40 -6.5 510 -12 2.6 5.1 26.4 8.0
Roots 26 -0.2 36 08 26 29 93 119
Asteraceae Ixeris chinensis Nakai Leaves 25 020 23 29 2.1 29  38.0 147
Asteraceae Youngia japonica DC. Leaves -3.8  -1.6 -1.9 2.0 25 <51 20.7 132
Brassicaceae Eutrema japonica Matsum. Leaves 23 -34 04 -3.1 08 -0.8 2.8 2.9
‘Mazuma’
Brassicaceae Eutrema japonica Matsum. Leaves 09 21 1.2 05 -1.1 09 1.7 1.9
‘Tainung 70-1-1°
Lamiaceae Orthosiphon aristatus Miq. Whole grass  -10.0 39 -22.7 28 -224 44 174 258
Lamiaceae Mesona procumbens Hemsl. Whole grass  -13.9 -7.3 -42 7.7 3.6 -6.1 21.9 6.7
‘Taoyuan No. 2’
Lamiaceae Mesona procumbens Hemsl. Whole grass 1.2 25 -0.9 25 192" 39 73 195
‘Tai E?
Lamiaceae Mesona procumbens Hemsl. Whole grass 33 1.3 1.9 03 63 22 9.7 193
‘TARI No. 1’
Lamiaceae Salvia miltiorrhiza Bunge Whole grass 32 3.0 43 -0.6 -0.2  -0.8 8.1 4.1
Onagraceae Ludwigia octovalvis Raven Whole grass 32 39 1.8 59 29 6.0 5.6 9.3
Plantaginaceae  Plantago asiatica L. Whole grass -13.4 -11.3  -18.2 -16.7 -24.4 -259 19.7  12.0
Poaceae Setaria viridis P. Beauv. Roots -229 -209 -21.8 -22.7 -224 -252 9.3 6.2
Scrophulariaceae  Scoparia dulcis L. Whole grass  -1.1 1.8 -0.6 34 29 63 159 137
Solanaceae Lycium chinense Mill. Leaves 06 03 27 0.6 06 -19 13.6 7.4
Stems 04 -14 29 -28 5.6 -02 223 8.9
Solanaceae Physalis angulata L. Whole grass 0.1 038 -120 21 -02 3.1 7.8 144
Zingiberaceae Alpinia galanga Willd. Rhizomes 23 08 279 04 543 22 10.4 6.9
Leaves 55 53 -42 9.0 46 -938 13.9  20.1
Zingiberaceae Curcuma aromatica Salisb. Rhizomes -6.6  -6.0 46 -6.0 03 2.0 17.4 4.6
Zingiberaceae Curcuma longa L. Rhizomes 42 -56 1.2 42 2.7 -1.6 7.2 53
Standards 033 pgmL’  0.67 pgmL' 133 pgmL"
Allopurinol 29.1 48.9 9.1
Bisdemethoxycurcumin -1.0 -0.9 0.2

“95% Ethanol extracts by using Soxhlet method.
¥ Hot water extracts by using Soxhlet method.

* Bold words indicate the XO inhibitory activity > 15.
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50 mM KH,PO, » 53 4 & i 01 & B R 9
(BDMC) 25 « SABIRRI&R 25°CF K JE
30 min » BUST SR FE S H1E £ 290 nm BRUK
- XO BRI E R

HlIERIES
= (1 - BREIREfE/ B B fE) > 100%

U CZZ= BN RN XO & iEEm o

{5 F &1 0% AH J&@ At 4% (high performance
liquid chromatography; HPLC) 47 Bt A mE B R
KSR o 1R By Waters 600 (Waters >
EEK) - B4 E f Kromasil 100-5-C18
column 250 mm x 21.2 mm (AkzoNobel » ¥
8) > ERRE 400 - I Waters 2745 125
(Waters » E[&H) » AR £ 220 nm > JF4F
BEdh 500 L - JRENAE Ry — KK FEE (metha-
nol) - FEFEMREE—BHLE R 20% HEE > 2 1241k
THE FHEZERGI - 255 10 JrfEiE 35% HlE » 5
24 7y 3EEF] 100% HEE - E {2 fr¥r 100% HEZ
F5 30 4388 o Ji#k 16 mL min" > & 8 mL U
EBR—E > L8R 60 [HE DY 0 4 Hl a4
R GOl ~ GO2 2 G60 - Al 53 Pk #a 4h XO
SNEE Y > B DT 7R AT oA B HI ARV P
= HHETEREEER T 2R -

GC-MS DITZZEN) AN XO &R

i)

{8 PR % AF G 47 6 8 (gas chromatog-
raphy-mass spectrum; GC-MS) 43 f7 A 5 & #1I
H XOJEM & 2 HPLC & 0 ¥ » #A1 By
GCxGC_TOFMS (LECO » Z[) - & & A
30 m x 0.25 mm x 0.25 pm Rtx-5MS (Fisher
Scientific » E[H) > JRENHE AR > #%E 1 mL
min™ o JEHEHEE 2501 > GC AYFELAEE 40T
Fr& 1 min> 2% D78 10CH R E TS
£ 310C » 2155 8 min o Transfer line YA T
300°C » B FEEUHEH 10 spectra s™ o {HHIE
S [E m/z 50-600 - HETAOFURE 200C » {H
HIZSEER 1650 V -

rere

]
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TER
BEEZEW)ZHIHE X0 &%

AHHFTPREE 24 fE (mfd) AL FHEEE > &
BH 28 DR & (BE R EIHEAL 2 A E
B > 1T 95% KR R EUR ZUKZHL » 57
AL 3 A [E] 25 B8 B A T G A XO IS
Pt (R 1) - £ 28 EEMAVERYF »
FAJERE 33.3 pg mL™' 3KERIS > 7 2 FE HgERE
HUPHy XO JEMEANHIZ 4 15% - 53 hlE K
BRE 7 BRI (54.3%)  LRAIFE "B E,
mh 2 BB ZE R (19.2%) » (EFRE Ry 16.7
ug mL" B - i 15% XO SEMEHIGI®EE » 1
BAREERE ZEERETY (27.9%) « INEE
8.3 pg mL™ B¥ o FTAZEHY) 2 XO HIHIZR K
I 15% o 1E#E 1 4H allopurinol 7 f5 & 5 71 %
& By 1.33 pg mL™ B574 94.1% XO 1% - #5
B %% BDMC 214 L E B B 1.33 pg mL!
I 3 XO Ay F 0.2% (& 1) -
KEENEAEIZEY) INH XO j&iF

R ERE DL SSCRRFZ 1% - BERERY
AR 95% K5 ~ IECUE (n-hexane) ~ FJE
FooK 4 AR > DIRIRFERUE (AR ZEHLLE
B) BT HAHR KR Z X0 fIH]
SEMERERFR 2 o K EAR SE(H A H B A 2 25
iR m (12.1%) > HRARF R (10.4%)
7K (6.9%) K IE T e (1.8%) = ¥ XO #y ] il
EME - DU ZERYIR S » 1ERE K 33.3 ug
mL™" B > ¥ XO AHIHIEM: B 54.3% - HAE
HIZEEU ¥ XO AUHNIHIRER - 7 Ay R B 2 HY
1 (22.7%) ~ TECREZEHUY) (18.2%) Fe/KZHY
) (2.2%) ©

AKFEE HPLC BN XO Z5&E M

KB B AR ZE L) DL HPLC 4y B 2 2
60 & & 7397 - #E1T XO HIHIE M7 i - 45 5%
FRAHEEEGEENY &5t > SRS
By GAT > 1E)EFS B 1.33 pg mL™ B% 2 XO ]I
HIER AT 67.3% > HAt & 439 2 fH1E M B K
5 10% ([&l 1) -
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2. KEEZ 4 EARERZEHWMIH XO J&H: -
Table 2. XO inhibitory activity of four solvent extracts from Alpinia galanga rhizomes.
XO inhibitory activity (%)
8.3 pgmL" 16.7 pg mL" 33.3 ugmL’ Extraction rate (%)
E* H M* wY E H M w E H M w E H M W
23 1.5 .1 -0.8 279 08 -0.1 04 543 182 227 22 104 1.8 121 69
“95% Ethanol extracts by using Soxhlet method.
’ n-Hexane extracts by using Soxhlet method.
* Methanol extracts by using Soxhlet method.
“Hot water extracts by using Soxhlet method.
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Fig. 1. XO inhibitory activity of HPLC fractions (G01-G60) separated from ethanol extracts of Alpinia galanga

rhizomes. The activity was determined with samples at concentration of 1.3 pg mL".

I XO SEMER D 2 DS Hhatdi

LI GC-MS 3 K 8 G47 &%) > 455
41T : G47 #£ 16.6 min (Peak 1) J 18.8 min
(Peak 2) &H—{EfiE (& 2) - Peak 1 HYEFE
g m/z 55 (24) ~77 (40) ~103 (27) ~105 (28) -
121 (30) ~ 131 (72) ~ 132 (100) ~ 133 (47) -
149 (20) ~ 150 (73) ~ 174 (4) ~ 192 (33) ~ 234
(1): Peak 2 AV E E# 5 :m/z 51 (31) ~55 (23) »
65 (28) ~ 77 (65) ~ 78 (27) ~ 91 (30) ~ 94 (55) ~
103 (44) ~ 105 (38) ~ 107 (47) ~ 121 (70) ~ 131
(69) ~ 132 (44) ~ 133 (77) ~ 149 (100) ~ 150
(69) ~ 175 (3) ~ 192 (85) ~ 193 (11) ~ 194 (2) ~
234 (16) ~ 235 (2) »

Peak 1 /B 2 17 & (1°S)-1"-acetoxychavicol
acetate (ACA) /& L4t (Noro et al. 1988,;
Yang & Eilerman 1999; Lin et al. 2016) » Peak
2 ZEHEAISF & p-coumaryl diacetate (CDA)
2Bt it (Noro et al. 1988; Yang & Eiler-
man 1999) -

]
PR B o o R R 5 A PR R LAY 55 — 4R %
Jx % Z ¥ "allopurinol, - H#% il 2 Il ] XO
EME - R S R R Y S RE TS A 2 -
sRAEEERE, Rk > FEMAZEAERES
FILEH 1034F3 H 1 HifL > BRE 4R EEY)
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Inhibitory Activity of Alpinia galanga Rhizomes on
Xanthine Oxidase

Tzu-Huan Hung', Jui-Sheng Lai’, Su-Yue Lin’, Chich Yang’, and Ya-Lin Lee*"

Abstract

Hung, T. H., J. S. Lai, S. Y. Lin, C. Yang, and Y. L. Lee. 2017. Inhibitory activity of Alpinia
galanga rhizomes on xanthine oxidase. J. Taiwan Agric. Res. 66(4):333-342.

Hyperuricemia is a risk factor for causing gout, diabetes and some metabolic diseases. The
reduction of uric-acid biosynthesis and alleviating the symptom of hyperuricemia may be intervened
by inhibiting the xanthine oxidase (XO) activity. In this study, the XO inhibitory activity of ethanol or
water extracts of 24 indigenous medical plants were evaluated. Results showed that the ethanol extract
of Alpinia galanga rthizomes possessed the best XO inhibitory activity. The ethanol extract of Meso-
na procumbens line ‘Tai E” showed mild activity as well. The active XO inhibitors in the 4. galanga
rhizomes were suggested to be (1°S)-1’-acetoxychavicol acetate and p-coumaryl diacetate based on
the analytical results of gas chromatography-mass spectrum (GC-MS). Both compounds were report-
ed exhibiting similar XO inhibitory activities as allopurinol, a common medicine for hyperuricemia
treatment. These results suggest that 4. galanga is a potential herb for developing functional food or
therapeutic agent to regulate the biosynthesis of uric acid.
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Wi 18 900, J> 2013 475 8 B & P& [ fZ BL 2014
EFE B TR o EL I oy B E] 14.8 Mg
ha' fi1 15.4 Mg ha' fYE B F I > 2015 F &
{8 1000, fmfd 77 5E B & B B8 v 7w i FH A 2k
Th i B (7 T E =42 7T 16.0 Mg ha' (Yuan
2017) - KFENEEGRMIE - IBERE - &
B ERZMA AR ENFRE (Katsura et al.
2007; Yang et al. 2008) - 1= B8 = ER 4
AR B R E G BRI R ETE S
FIRNIHTE > RILAZE 5 B KRR & 5 [
7 {E BT S Rk WA & S E
fasi i Te TRl 17 58 R SR T E
Sl - DEHE AT G BRE TR AE
EETET] > HHRE IR & B S A K K 5 TE
METEZS% -
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VBRI

K EDTEREXZEGREREM
AT ERA) B PBEAREES Y 5
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153, (‘Wandao 153’ ‘WD 153") ~ 71{8 308,
(‘Wuyou 308, ‘WY 308"« " i {E 168, (‘Zhu-
liang-you 168’ ‘ZLY 168°) 55 7 {48 4% 4 A2 F5
ruflE R MR Hh A 3 SR = RAHER
KR » 4 {8 iR Ry W Z0A R SOKRE S bl
LAEE H il a2 AR i T Al 17
58 | (‘Taichung sen 17°; ‘TCS 17)) B¥IE F1);
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(China Rice Research Institute; CRRI) | $2E >
"Gl 17 5%, T RTH TR R E
T%E - frE2H ol (R) BB (indica
rice) °
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* 1. AFEBSGRESIEE "SRl 17 5t IR -
Table 1. Characteristics of super hybrid rice varieties and check variety ‘Taichung sen 17’ in this study”.
Regional ~ Growth Plant
Breeding Cross yield trial ~ duration  height Spikelets  1000-grain Disease/pest
Variety method combination (kg ha™)’ (d) (cm) per panicle weight (g) resistance”
Qianyou 0508 Three-line  Qianjiang 1A/ 8,527 119.7 108.1 153.3 26.40 HS to BL.
(QY 0508) hybrid Zhehui 0508
1I You 7954 Three-line  1I-32A/Zhehui 8,516 136.3 118.9 174.1 27.30 S to BL, MS to
(II'Y 7954) hybrid 7954 BBL, HS to BPH.
Y Liangyou 689  Two-line  Y58S/Wenhui 8,767 138.3 122.3 164.5 26.50 HS to BL, S to
(YLY 689) hybrid 689 BBL, HS to BPH.
Y Liangyou 302  Two-line  Y58S/F302 9,064 136.5 131.9 178.1 26.50 HS to BL, S to
(YLY 302) hybrid BBL, HS to BPH.
Wandao 153 Two-line ~ 1892S/RH003 8,750 1343 113.4 176.0 23.54 HS to BL, Sto
(WD 153) hybrid BBL.
Wuyou 308 Three-line Wufeng A/ 7,568 112.2 99.6 157.3 23.60 MS to BL, S to
(WY 308) hybrid Guanghui 308 BBL, MS to BPH.
Zhuliangyou 168 Two-line  Zhu IS/R168 7,772 108.0 85.0 111.5 26.10 S to BL, MS to
(ZLY 168) hybrid BBL.
Taichung sen 17 Inbred line — 7,508 (I) 127.0(I) 103.0(I) 134.0(D) 34.00 (I) MR toBL, MS to
(TCS 17) 6,864 (II) 106.0 (II) 105.0 (II) 140.0 (II) ~ 33.00 (II) BBL, R to BPH

* The data compiled in this study. Hybrid rice data from Continental National Rice Data Center (http://www.ricedata.cn/index.htm).

Y (I): first crop; (II): second crop.

*R: resistance; MR: moderate resistance; MS: moderate sensitive; S: sensitive; HS: high sensitive; BBL: bacterial blight; BL: blast;

BPH: brown plant hopper.

‘WY 308 %5 & i i Sl 5 1LY 7954 - ‘YLY
689~ YLY 302~ ‘WD 153" 25 & b f% L i -
S SR o R 4 R B K e B R KRR B
HLERHEEE R - HEEEBEERROE
7,568-9,064 kg ha' #il& » & & hs SfE TCS
17 [ ok s B 2 & I By 7,508 kg ha! (—HA{E)
816,864 kg ha (ZHfE) » AT 2l AR
En S PRSI L -
AEET0A

PRECES B AR BN E =B T4
A B S (5] 5 PR 5 A S R AE A (B 4 A R B
R NI HU e Bk &E 3 5t (split plot
design) > R[EFEMERECR T1& > SAiE BEE
EMW 3R HERBUE ) R 2 AR R A
B PEAMESHBHET - ftRnER
2012 FFEE—HAPEBASE —HA(E - &KHH &I H
201242 H 10 HE 2012458 H 9 Hi%HE »
T/NETEIE 517 < 20 Bk > {THEEE & 28 cm x
16 cm (/NEEIFE 4.48 m®) ; FURHEFAE B N
P205 : K,0 = 132 : 72 : 48 kg ha™ » 43 B B
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FEHR KR — A B AT R AT E R - R
R AT - RE o AR SR e RS RY
T/NEULE 4 5 0 BT TR S BN E
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SR 13-14% B EfTHE - A HEE -
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tion) ~ EEFRFEE] (panicle number per hill) ~ B
FR4EFETEEL (spikelet number per hill) ~ ELfE £
(panicle length) - EEfHEE (panicle weight) ~ —
FEFE(CEY (spikelet number per panicle) ~ }8 &
# (fertility) ~ Ffir 8 (1000-grain weight) fZ
BEHREE R (vield per hill) » 3RER/NE % HHHRUL
BERZ 4 13-14% B ETTEUERTHE » WOLH
E3UK5ER (PM-600, KETT) JIE/Kr&E
758 (volume weight) % » /N& E &R IE B 7K
neE 13% CEBRTREEAEFEER (yield
per hectare) I HE & (daily yield) o
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RET DT

A A PER 6 SAS 9.2 flA#LES (Systat-
Software, Inc. 2006) #1758 7 43 #7 (Analysis
of variance; ANOVA) Jz /N7 52 85 2 M 00 B
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Table 4. Mean comparison of agronomic traits for different rice varieties under different seedling numbers in the first cropping season of 2012.

Volume weight

Plant height Panicle length Panicle weight Spikelet number

Growth duration

Character

(gL

Multiple

per hill

(2

(cm)

(cm)

(d)

Two

Multiple Two

Two

Multiple Two Multiple Two Multiple

Two

Multiple

Seedling

number

Variety

ST

528.2 Abc
561.8 Aa
509.5 Ae
513.0 Ade
538.5 Ab
521.2 Acd
526.9 Ac
557.8 Aa

511.4 Aef

540.7 Ac
554.7 Ab
501.4 Af
532.4 Acd
523.6 Ade
514.9 Aef
572.3 Aa

,741 Aabc
,650 Babed
,554 Abcd

e e e e e |

1,565 Ac
1,302 Bd

3.5 Abc
2.6 Ad
2.8 Ad

2.8 Bed
2.4 Be
2.6 Bde

22.1 Abed
22.5 Aabe
24.6 Aa
24.0 Aab
20.9 Acde
20.8 Acde
19.8 Ade

19.5 Ae

20.6 Bbcde
21.0 Bbed
22.3 Bab
23.4 Aa
21.8 Aabc
20.1 Acde

18.6 Be
19.5 Ade

89.1 Af

93.5 Ae
102.5 Ab
99.9 Be
117.4 Aa
96.4 Bd
93.0 Ae
94.0 Ae

93.4 Ad
102.5 Ab
102.1 Ab
113.8 Ba
98.8 Ac
90.5 Be
90.4 Be

—_ e e e e e e

—_— e e e e e e

Y 7954
YLY 689
YLY 302
WD 153
WY 308
ZLY168
TCS 17

“Means within treatment of seedling number (in capital letter) and within variety (in small letter) for each character follow by the same letter(s) are not significantly different at 5% level

by Fisher’s protected LSD test.

oot 4
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308 BER AL TCS 17 15 » Hih 2
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‘WY 308~ ‘ZLY 168 & ‘TCS 17 1£ 7N AHE
FERS > ESAEANeARHEER -
EESL AL YLY 689~ YLY 302" J Il
Y 7954 FEHLE TCS 17 & 5 WA
B R WD 153 4p > HAr 2 @ &S
FHE W TCS 17° £ - FER QY 0508 K ‘WY
308" 4 > HAth el g B E# TCS 17 & »
BUR A 57 2 50 SR L Y B SR TCS
17 K BMEAMAEAENS AE B2 -
HAREFEICEER LY 7954 15 i A 1 R i /)
4h o T Sl EEE TCS 17 R5% -
Hih L WD 153" 81 WY 308 EIREE - 2%
M EAEZAERELL Y 7954 #5575 > BiAH
BERIDL ZLY 168 Bl 11Y 7954 Wy s » H 1

rere

]

66 % 541

i fE TCS 17" 8 EE %R iR
i RE A EEE (R TCS 17 Ht P YLY
689" N F (K -

B

KbpEEs > S2elBgc L ERES
H 8B A e — W E R B 4E R R AT - HR
5] fn AR RS A B R (1~ % 4)  HEW T RE
A 2 3\ B AR SR R A0 43 2R ) o B K e B
Fo HPVRE - HENKIERGSREFIA
B ZHIFRIE B HEEHEERDNER (&
1-F£7 - gt FESHBERENLERE
BERENEFHEMEE  H ZHERIE—
WIfERE 4 17 d > HE®wEL TCS 17 Bz B
s E TR PR B H R R EE A
R FE R AR KT 24 > Rt =
{ERBAR SR B LE “TCS 17 B34 -

SHBRBETESELF R AR BT
ERILEE > AolBRES RSN > B AEEE
E—HIfELL T Y 7954 SLfdfY 10,524 kg ha
(% K1H) B 10,688 kg ha' (WATH) i >
W A S E L TE TCS 17 (9 8,115 kg ha' (%
AfE) 18,703 kg ha! (WATH) » 1 EIEE LY
22,000 kg ha' o f£ “HIfERILL WY 308 54fE
) 8,610 kg ha™ (ZA1H) 81 8,767kg ha™ (FIA
1) fcfs  EE SRS TCS 17 /17,617
kg ha” (M) B2 7,329 kg ha' (RATE) » 1
FENR £ 4 990-1,438 kg (%3~ % 6) - {HELE
MHEREETEAFEZERE A AR 15 Mg ha' 1y
E w7 IR (Katsura et al. 2008; Yuan 2017) #H
bb > AR ZERE o Hr B R RE R 4y 1Y &
WA Ry s AR BRI EOR o AT A AR A
AR HEIRAEAEE - TR e
ETEELR  AFamELEEREL -

[R5 i 45 o B A B
ZERILERE T AR BT Baf AR
BosRAnENEEEZR  ARRGRESMLE
Sk ER &R > Sl YLY 302 ERES
(9,064 kg ha™) »“WY 308" 5 S &K (7,568
kg ha') - {EH#EE: TCS 17 & (F 1) LA
RECERENABATSEE B —UES
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Table 7. Mean comparison of agronomic traits for different rice varieties under different seedling numbers in the second cropping season of 2012.

Volume weight

Panicle weight

Plant height Panicle length

Growth duration

Character

(gLh

Spikelet numberper hill

(2)

(cm)

(cm)

(d

Seedling

number

Multiple Two Multiple Two

Two

Multiple

Two

Two Multiple Two Multiple

Multiple

Variety

511.8 Abced

5434 Aa
504.3 Ad

513.7 Acd

545.0 Aab
504.2 Ad
521.8 Ac

1,793 Bb

1,993 Ab
1,622 Ac

3.0 Ad
4.5 Aa
3.7 Ab
3.8 Ab
3.4 Abc
3.1 Acd
3.5 Abc
2.8 Ad

3.0 Acd
3.6 Ba
35 Aa
3.3 Bab
3.1 Abc
3.0 Acd
3.2 Bbe
2.7 Ad

21.5 Ac

21.7 Abc

87.7 Ad

88.4 Ad

1,564 Acd
2,097 Aa
2,228 Aa
2,206 Aa
2,294 Aa

23.1 Aab 225 Ab

96.2 Ab
24.3 Ba

97.7 Ab

1,834 Bbce
1,982 Bb
2,359 Aa
2,213 Aa

25.5 Aa

94.6 Ab
1119 Aa

96.3 Ab

521.3 Abc

25.5 Aab 255 Aa

108.1 Ba

509.5 Acd
525.3 Ab
543.7 Aa
550.2 Aa

513.3 Acd

535.0 Ab
539.6 Ab
553.5 Aa

90.4 Ac 19.7 Bc 204 Ad

922 Ac

—_ = = =

I Y7954
YLY 689

YLY 302

WD 153

21.4 Ac

20.9 Bbc
20.6 Abc

84.9 Be 89.1 Acd
83.8 Ae
19.7 Be

97.7 Af

97.3 Af

WY 308
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1,783 Abc
1,504 Ad

1,786 Abc
1,404 Ad

21.0 Acd
20.4 Ad

873 Ag 813 Bf

118.7 Ba

87.0 Ag
120.0 Aa

ZLY 168

88.5 Acd

85.6 Be

TCS 17

“Means within treatment of seedling number (in capital letter) and within variety (in small letter) for each character follow by the same letter(s) are not significantly different at 5% level

by Fisher’s protected LSD test.

RaEH s EERSS 0 ZHFAIR WY
308 B2 ZLY 168 RiinfEsf - B AIfEE 1
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T Y E G M bE IR ALl TCS 177 S & > —
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HERES > “HAEEEZ RERERAL -

Chen e al. (1984) L RHEHAE /G E—
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ERASHmE > HEREHECEE RS AR
TR E B LS AER - R RHERLEFETE
BONER (R3 - KR4 - FEEHMTIEL—
s E R L AR KIE RS & (Yoshida
et al. 2006; Kamiji et al. 2011) » H /K& E
T R ZEZEE AR KIERE S E (Yoshinaga
et al. 2013) - Huang et al. (2011) WFE 358
P EE RN RIS 7S
BUATRSCFTIE4E R — 2 - M EMREEIEE AT
PRTRE S — TR Y TRAE - IR ERE ST
KA AR —IAEREE R > 2
SRR ZLY 168 Sf@Esh » Bk
FALHARS - ML AHEEWAE S EN T
HRNZR R ERIEEE % - M7 Bk
fE8 > JRENE I T RERESAE 5 MR ATER > 2
Ao E A B R E SRS T — S B
RN B HREERERIR - EEEFESEN
PRAEIMEEZRE (R3-F4) -

ZHAE ‘QY 0508 B ‘WY 308 Wy hfE 2
HEHREE TS AHENR ALY BEZR
&2 iufE > {2 QY 0508 By —FHEE ML
‘WY 308 /b > HWmiE 2 GHREE SRS
I hAEH W LEERSEZ EH (% 6) -
fE YLY 689~ YLY 302’ fz ‘WY 308 ZE =1,
HEAHEEERRS  TEEEWREE L —E
FACEMIEF A S S A e - T WD 153
HYBEARSEICBLREEL WY 308" (9 HRHE=A »
HEREEANFERR RERREETIA &
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2 4 IR P B R E R R IR S o (HiE
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HKFEE B84 % 3.2 d » Yoshida (1981) #f
LR H4T 100 d 2 15-& = /K RE Y &
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A - NI > QAR E A RIFE E 2R AT
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HEZ BT ERYESRDAE RFFERR > 3
EWEAFHHGRRSHESR  HNEER
RZBLr R B AR > & — @ R0
A ESIFHETRE - i 2el S iE R H E
BEEW - Nwm—IERZHE > 2 RENH
EEHEESNHELTE TCS 17> Hf O
Y 7954 Fy HE B i Y s o EAE ZHA7ER]
CHEMHENRE - A salafEm —HEL
B E4I1E 103.7-130 d - —HifE4 & i
B 47E 87-113.7 d > “WY 308 —HA{E {2 98
d-ifi ‘ZLY 168 4 > {£FE 87 d BIATUfE -
‘WY 308 B —HifEsulmE P RS E > 750
F5 8,610 kg ha™ (ZAfH) 18,767 kg ha™ (W
Aif) MEREEZS  NEEBFHE - At
HEERSHEEdT RS EE2L—HFEE
& o EEGEE _EREIE RS E
Yuan (1998) SR REBRHELEIHER 2 /VIE
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TR 4 e <2 S o R Y e 5 DT AR A R B
B HAHRRA AR EOR KT ~ D47 EE (Peng et
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Yield Potential Analysis of Super Hybrid Rice Grown
in Taiwan

Woei-Shyuan Jwo"", Chung-Li Chen®, Charng-Pei Li’, Ming-Hsin Lai*, Dong-Hong Wu', and
Hsing-Mu Yen'

Abstract

Jwo, W. S., C. L. Chen, C. P. Li, M. H. Lai, D. H. Wu, and H. M. Yen. 2017. Yield potential
analysis of super hybrid rice grown in Taiwan. J. Taiwan Agric. Res. 66(4):343-355.

Rice is the most widely grown and consumed staple crop in Taiwan. Increasing rice yield po-
tential is eventually a major target in rice breeding programs and the use of heterosis is also a feasible
strategy. The objective of this study was to evaluate growth characters and yield potential of the re-
cently developed hybrid rice in Mainland China. Field trials were conducted for two cropping seasons
using seven Chinese varieties including ‘Qianyou 0508 (‘QY 0508°), ‘Il You 7954’ (‘I1'Y 7954°), ‘Y
Liangyou 689’ (“YLY 689°), ‘Y Liangyou 302’ (“YLY 302’), ‘Wandao 153’ (‘WD 153°), “Wuyou 308’
(‘WY 308’), ‘Zhuliangyou 168’ (‘ZLY 168’) and check variety ‘Taichung Sen 17’ (‘TCS 17°). The
results of ANOVA revealed that rice agronomic characters and yield-related traits were significantly
affected by different seedling number and plant varieties. Grain yield, yield components and agro-
nomic traits of all imported rice were superior than indica check variety “TCS 17°. In addition, grain
yield in the first cropping season of all tested varieties was higher than that in the second cropping
season. The high yield of super hybrid rice is due to the increase in the total number of spikelet per
plant (sink size). In the first cropping season, average grain yield of super hybrid rice was 20% and
5% higher than check variety ‘TCS 17’ in multiple and two-seedling treatment, respectively. In the
second crop, average grain yield of super hybrid rice was 7% and 10% higher than check variety ‘“TCS
17’ in multiple and two-seedling treatment, respectively. Comparison between two treatments of seed-
ling number showed that yield performance of two plants per hill was inferior than multiple seedling
mainly attributed to the lack of panicle number. These results indicate that increased spikelet number
per panicle and maintained enough panicle number per meter square are a foundation to obtain higher
yield potential for supper hybrid rice cultivated in Taiwan.

Key words: Super hybrid rice, Yield components.
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