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This study was conducted at three different locations in the highland area of Northern Thailand.
Two of the locations, Huai Luek (greenhouse production) and Mae Tha Nuea (field
production), are in the main cucumber growing areas and the third location, Thung Roeng (field
production), had not been previously cropped with cucumber. The research was carried out to
investigate seed transmission of CGMMV and detection of the virus at different crop growth
stages (seedling, flowering and 1 month after fruit-set). Polyclonal antibodies (ELISA Kits,
Agdia Inc., Elkhart IN., USA) were used to detect the virus. CGMMYV was not detected in
whole ground cucumber seeds, endosperm, seed coat, cotyledons or leaves in 1600 seeds from
the seed lot tested. The virus was also not detected in any of the growth stages of cucumber at
Thung Roeng where the crop had never been grown before. However, CGMMV was detected
in each of the three stages at the other two sites at incidences ranging from 7.3 to 30%, except
in the seedling stage at Mae Tha Nuea. Total marketable cucumber yield was significantly
higher at Thung Roeng (21.25 kg) than at Huai Luek (16.75 kg) and Mae Tha Nuea (15.87 Kkg).
These results suggest that soil transmission of CGMMYV was likely and that the virus played a
role in the reduction of cucumber yields.
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Introduction

Cucumber (Cucumis sativus L.) belongs to the Cucurbitaceae, also
comprising melons and squash. Japanese or Suhyo type cucumber is the most
important cucurbit crops grown in Northern Thailand under the Royal Project
Foundation extension program. Suhyo growers are faced with many problems
mostly from diseases and insect pests that caused serious losses in both quality
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and quantity. Especially important are viral diseases which commonly cause
damage to this crop. More than 30 different viruses were reported to infect
cucumber crops worldwide (Mazereeuw et al., 2010; Ko et al., 2007; Yuki et
al., 2000). Cucumber green mottle mosaic virus (CGMMYV), a member of the
genus Tobamovirus, is an economically significant seed transmitted virus
which has been reported to cause yield losses of about 15% in cucurbitaceous
crops (Antignus et al., 2001; ISTA, 2010; Shang et al., 2011). CGMMV can be
transmitted through water and soil contamination, and sap of the plants infected
with the virus. Seed and soil transmissions are recognized as the primary
sources for epidemic development of CGMMYV disease (Tan et al., 2000; Choi,
2001; Mandal et al., 2008; Liu et al., 2013; Nematollahi et al., 2013). However,
the early spread pattern in cucumber, which is different in the fruit-harvesting
stage, shows that infected plants are scattered throughout the field (Choi, 2001,
Mandal et al., 2008). The most common symptoms of infected cucumber are
leaf mosaic and mottling, growth stunting, wilting and leaf and fruit
malformation (Kim and Lee, 2000; Kim et al., 2003; Moradi and Jafarpour,
2011; VKM 2008). CGMMV was first reported in the United Kingdom in
1935 (Ainsworth, 1935). Subsequently, it had been reported in Europe (e.g.
Denmark, Finland, Germany, Greece, Holland, Norway, Russia, and Spain),
United stated, Asia (e.g. China, India, Indonesia, Japan, Korea and Pakistan),
and the Middle East (Iran, Israel and Saudi Arabia) (Varveri et al., 2002;
Moradi and Jafarpour, 2011; Yoon et al., 2008; Zhou et al., 2008). In 2008,
Thonmo and Thummabenjapone found CGMMYV in 25% of cucurbits samples
which were collected from cucurbit seed production fields in Northeastern
Thailand. The current methods of detecting CGMMYV include
symptomotological observations, host range, mechanical inoculation, nucleic
acid hybridization, reverse transcription polymerase chain reaction (RT-PCR)
and reverse transcription loop-mediated isothermal amplification (RT-LAMP)
assays (Adkins et al., 2003; Sevik and Arli-SOkmen, 2003; Qin et al., 2005;
Bananej and Vahdat, 2008; Liu et al., 2009; Li et al., 2013; Nematollahi et al.,
2013; Gumus and Paylan, 2013). The ELISA method is routinely used
worldwide for detection of CGMMV in field surveys because of its sensitivity
and it enables the handling large number of samples (Yuki et al., 2000; Varveri
et al., 2002 and Hossain et al., 2007). ELISA can be the preferable method for
the detection of plant viruses than PCR because of it dose not requiring
extensive training and is more economical (Gumus and Paylan, 2013).
Therefore, double antibody sandwich ELISA (DAS-ELISA) is a common
diagnostic technique used to detect CGMMYV (Moradi and Jafarpour, 2011,
Shim et al., 2006; Siriyan et al., 2006; and Yoon et al., 2008). The current
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study was carried out to investigate possible seed transmission of CGMMYV and
detection of the virus in different cucumber growth stages.

Materials and methods
Seed materials and experimental conditions

Commercial seeds of Japanese cucumber (C. sativus) cultivar Pretty
Swallow 279 (cucumber F1 hybrid, lot No. EA25061) were used throughout
this study. The sample and subsample sizes tested followed ISTA procedures
(2010). Five seed groups were separated. Group 1, consisted of 400 whole
seeds; group 2, only the endosperm of 400 seeds and group 3, the seed coat of
400 seeds; These samples were soaked in 1X PBS buffer [0.02 M PBST

(phosphate buffered saline with Tween 20, 1:10 w/v)] for a minimum of 1 h
4°C. Solids settled to the bottom and the light-colored upper layer was used for
CGMMYV detection. With group 4 and 5, 200 seeds were sown in plastic trays
filled with a growing medium and placed in an insect proof greenhouse. The
cotyledons of group 4 were collected for processing after the seedlings
germinated. The leaves of group 5 were randomly collected to be examined
after the seedlings reached the trifoliate stage 10 days after planting (10 dap.).
Cotyledons/leaves were individually ground in PBS buffer and centrifuged
(10000xg) for 5 min. The supernatants of ground cotyledon/leaf tissue were
used to detect CGMMV.

Collection of infected cucumber samples

Eight-days-old seedlings of Japanese cucumber were planted at the three
Royal Project Development Centers; Mae Tha Nuea where field cultivation was
used, Huai Luek where the crop was grown in a greenhouse (Mae Tha Nuea
and Huai Luek are the main cucumber growing areas in Northern Thailand) and
Thung Roeng an area not previously grown in cucumber where field cultivation
was used, and grown from May to July 2011. Leaf samples were taken from at
least 100 plants at three different growth stages; seedling, flowering and
fruiting stages (1 month after fruit set), and symptoms were visually
categorized as mosaic, mottle, chlorosis, leaf deformation and stunting.
CGMMYV detection was performed using DAS-ELISA kits (Agdia Inc., Elkhart
IN, USA) as previously described.
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Effects on fruit production

The effect of CGMMV on fruit production was evaluated in cucumber
planted at the three different locations used in the study. Fruit were collected
every 1 or 2 from 100 plants for 12-14 after fruit set. Marketable fruit sizes
were classified using three standard grades; grade 1was 15-20x 3.0-3.5 cm,
grade 2 was 15-20 x 2.5-3.5 cm. and under grade was>15 cm. Others fruit were
rejected as unmarketable.

Detection of CGMMV

DAS-ELISA method was used to detect CGMMYV (Agdia Inc., Elkhart
IN, USA) followed the protocol described by the company. Duplicate wells
were used for each sample. Healthy and diseased tissues were also included as
controls. Each well of the ELISA plates (certified Nunc-Immuno Plates
MaxiSorp F96) was coated with 100 ul IgG at 1:1000 dilutions in coating
buffer and incubated at 30°C for 4 h. The plates were washed three times with
PBST and let stand for 3 min. 100ul of the sap samples were pipette into each
well and incubated overnight at 4 °C. The plates were then washed again as
described. 100 pl of alkaline phosphatase 1gGs at 1:1000 dilutions in conjugate
buffer were pipette into the wells and incubated at 30°C for 5 h. The plates
were washed as described before and 100 pl of 1 mg/ml p-nitro phenyl
phosphate in substrate buffer were pipette into the wells. The plates were
incubated at room temperature for 60 min to obtain a clear reaction. The
reaction was colorimetrically detected at A405 nm using an ELISA reader
(Sunrise basic TECAN, Austria).

Results
Detection of CGMMV in Japanese cucumber seed

Based on the DAS-ELISA result, the CGMMYV was not detected in the
commercial seeds of Japanese cucumber cultivar Pretty Swallow 279
(cucumber F1 hybrid, lot No. EA25061). The virus was not detected in the sap
of whole ground cucumber seeds, endosperm, seed coats, cotyledons or true
leaves (10 dap.).

Detection of CGMMYV in cucumber plants

A total of 398 disease samples were collected showing various symptoms
that could have been induced by virus infection. Common symptom found in
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the disease samples were mottle, mosaic, and deformed leaves (Figures 1 and
2). Based on DAS-ELISA (Tablel), CGMMV was not detected in the
cucumber samples collected at Thung Roeng where the crop had never been
grown before. However, CGMMYV was detected in samples collected from the
two main cucumber growing areas. CGMMV was detected at an incidence of
30%in cucumber at the seedling stage in Huai Luek where greenhouse culture
was used, but was not detected in seedlings from Mae Tha Nuea where the crop
was field-grown. CGMMYV was detected at flowering stage at incidences of
20.83 and 7.32 percent at Huai Luek and Mae Tha Nuea, respectively.
CGMMYV incidence at Huai Luek and Mae Tha Nuea at 1 month after fruit set
was 12.66 and 8.95 percent, respectively.
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Fig. 1. Symptoms of cucumber seedlings stage showing leaf blister and deformation at Mae Tha
Nuea (A), mottle and blistered leaves at Huai Luek (B), and blistered and deformed leaves at
Thung Roeng areas (new to cucumber production) (C).
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Fig. 2. Symptoms in cucumber at the flowering stage showing blistering and vein banding of
leaves at Mae Tha Nuea (A), curling and blistering of leaves at Huai Luek (B), and interveinal

chlorosis in leaves at Thung Roeng (C).

“
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Table 1. Incidence of Cucumber Green Mottle Mosaic (CGMMYV) in Japanese
cucumber at three growth stages in the highland of Northern Thailand in
samples collected in May to July 2011

Cultivated CGMMYV incidence (%) at three growth stage™  Total CGMMV

areas seedling flowering 1 month after fruit set incidence (%0)
1. Mae Tha 0 7.32 8.95 7.50
Nuea (0%/12°) (3/41) (6/67) (9/120)
(field-grown)
2. Huai Luek, 30 20.83 12.66 17.69
(6/20) (10/48) (10/79) (26/147)
(greenhouse-grown)
3. Thung 0 0 0 0
Roeng (0/21) (0/40) (0/70) (0/131)
(field-grown, new to cucumber)
Total 11.32 10.08 7.41 8.79
(6/53) (13/129) (16/216) (35/398)

NCGMMV detection by DAS-ELISA (Agdia Inc., Elkhart, In, USA)
®=Number of infected plant
=Number of collected plant

Effects of CGMMYV on cucumber yield

Analysis of variance followed by mean separation using Duncan’s
Multiple Range Test (DMRT) indicated a number of significant yield
differences between the three cucumber-growing areas studied (Table 2). The
standard grade 1 fruit weight was significantly higher at Thung Roeng and Huai
Luek, 8.75 and 7.75 Kkg, respectively, than at Mae Tha Nuea, 5.25 kg. The yield
of standard grade 2 cucumbers was significantly higher at Thung Roeng (9.62
kg) than Huai Luek (6.25 kg), with Mae Tha Nuea’s yield (7.75 kg) being
intermediate between the two. Total marketable yield was significantly higher
at Thung Roeng (21.25 kg) than at Huai Luek (16.75 kg) and Mae Tha Nuea
(15.87 kg). No significant difference in the yield of unmarketable fruit and
total fruit yield (maketable fruit + unmarketable fruit) was observed between
the three areas studied.
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Table 2. Cucumber yield in the highland of Northern Thailand between May to
July, 2011

Graded cucumber yield/100 plants (kg.) ¥ Total

Cultivated areas 1 2 Under Total Rejected/unm  cucumber
grade marketable  arketable yield (kg.)

Mae Tha Nuea?(field-
grown) 5.25% 7.75% 2.875% 15.875° 19.875° 35.750%
-Huai Luek?
(greenhouse-grown) 7.75° 6.25" 2.75°% 16.125° 21.800° 37.925°
Thung Roeng (field-
grown, new to cucumber) ~ 8.75% 9.625° 2.875° 21.25 20.675° 41.925°
LSD 0.05" 2.0186 27921  1.0693 2.2197 5.8310 7.0946
CV )% 16.09 20.49 21.81 7.23 16.22 10.64

YMean of standard grade of cucumber product /100 plants (kilograms)

?Mae Tha Nuea and Huai Luek are the main cucumber-producing areas in
Northern Thailand.

¥Means followed by the same letter are not significantly different by DMRT
atP =0.05

“CV (%) = coefficient of variation 95%

Discussion

Japanese cucumber is one of the most popular cucurbits in the highland of
Northern Thailand. Viral diseases are one of the most serious problems for
cucumber production considering the fact that there are many reports of plant
viruses affecting the crop in Thailand such as CMV, SMV, MNSV, PRSV-W,
and Tospovirus (Coolhapitagtam and Hongprayoon, 2004; Siriyan et al., 2006;
Thonmo and Thummabenjapone, 2008; and Nontajak et al., 2012). CGMMV
is a newly emerging virus affecting cucumber production in the country.
Accurate identification and detection of CGMMV are the first steps in
successful management of the disease. CGMMV was studied because this
virus can be seed—borne, survive in the soil, be transmitted mechanically during
agricultural practice and through water and has the potential of wide
distribution throughout the world.  Seed, pollen, and soil transmissions are
important factors as primary sources in epidemic development of CGMMV
diseases (Tan et al., 2000; Choi, 2001; Mandal et al., 2008; Liu, et al., 2013;
Nematollahi et al., 2013). CGMMYV is physically very stable and accumulates
in high concentrations in the infected tissue of host crops and is easily
transmitted by plant sap. Plant viral diseases are diagnosed by applying a
combination of methods, and relying only on symptoms may be misleading
because different viruses such as ZYMV and SgMV can cause similar or
identical symptoms for example leaf mosaic, leaf distortion and stunting. Our
observations of the disease symptoms were based on samples collected from
the main cucumber growing areas and from a location in which cucumber had
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never been grown before. Common symptoms observed included mottle,
mosaic, and deformed leaves which were in agreement with symptoms of
CGMMV in cucurbits reported in other countries (Antignus et al., 2001; Kim et
al., 2003; Nematollahi et al., 2013).

CGMMV was not detected by DAS-ELISA in the sap of ground whole
cucumber seeds, endosperm without peel, seed coats, cotyledons or leaves (10
dap.) in the seed lot tested. In 2006, Shim et al. 2006 reported that CGMMV
seed transmission rate for cucumber were usually 8% up to one month after
seed harvesting; this rate decreased to 0.1% in 5 months. The infection rates
for the seeds could have been much lower than was detectable by our methods.
The rate of CGMMYV contamination of seed in mechanically inoculated plants
was similarly high in watermelon (100%) and melon (93.85%), when ELISA
was used to detect the presence of CGMMYV in single seeds (Wu et al., 2011).
Seed transmission of CGMMV in cucumber was detected at low rates (3.0%)
despite 17% of seed contamination (Liu et al., 2013). In current study,
CGMMV was detected in 30% of seedlings from Huai Luek where the crop
was grown in the greenhouse, but not detected in the cucumber grown at Mae
Tha Nuea at the seedling stage. This phenomenon should be based on the low
rate of CGMMYV seed contamination and the long storage of almost 2 years in
the cool room (8 °C) before planting that leaded too the decreasing of CGMMV
in the contaminated seeds as reported by Shim et al. (2006) that the CGMMV
seed transmission rate for cucumber was high after seed harvesting and
decreased after 5 months of storage. Liu et al. (2013) reported that the rate of
transmission from seed to seedling in cucumber was up to 76.7%. In our study,
CGMMV was consistently detected in disease samples that were collected from
the main cucumber growing area at flowering through the end of growing stage.
Thonmo and Thummabenjapone (2008) found CGMMYV in 25% of cucurbits
samples collected from cucurbit seed production fields in Northeastern
Thailand. CGMMYV causes one of the most common diseases in commercial
cucumber production throughout the world (Slovokhotova et al., 2007; Yoon et
al., 2008). The relatively low percentage of positive results for CGMMYV in the
symptomatic samples might have been due to the fact that the cucumber plants
were infected with different viruses such as CMV, ZYMV, PRSV-W, WMV-2,
and SgMV as well as by CGMMV (Noda et al., 1993; Notajak et al., 2012;
Siriyan et al., 2006; Shabanian et al., 2007). Mixed infection of cucumber
plants by CGMMV and other viruses and abiotic causes (nutrient deficiencies,
herbicide, etc.) of the symptoms also cannot be ruled out. Yield of cucumber
from the main cucumber growing areas was lower than from the area where
cucumber was a new crop. CGMMV is a worldwide problem in cucumber
production areas like the Europe, United stated and Asia (Varveri et al., 2002;
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Moradi and Jafarpour, 2011; Yoon et al., 2008; Zhou et al., 2008). The
cucumber fruit infected with this virus appear to be distorted and reduced in
size, resulting in poor quality and marketability. Many of the fruit in this study
exhibited symptoms of CGMMV infection, being dark green, with a blistered
appearance (Liu et al., 2013). Yield losses caused by CGMMYV have been
estimated at up to 15% (Mazereeuw, 2010; Varveri et al., 2002). So, control of
CGMMV and other virus diseases in the cucumber production involves
preventive measures designed to reduce sources of infection from inside and
outside the crop and to minimize the effect of infection on yield. Use of virus-
free seed for cucumber production and avoidance of infecting transplants
during production is essential to ensure that only uninfected transplants are set
in the field. During the growing seasons, control measures include rouging and
sanitation (Budzanivska et al., 2006; Choi, 2001).

Conclusion

CGMMV was not detected by DAS-ELISA in 1600 seeds of Japanese
cucumber from a single seed lot. The virus was also not detected in any of the
growth stages of cucumber at Thung Roeng where the crop had never been
grown before. However, CGMMYV was detected in each of the three stages at
the other two sites, where the crop had previously been grown except in the
seedling stage at Mae Tha Nuea, at incidences ranging from 7.3 to 30%. Total
marketable cucumber yield was significantly higher at Thung Roeng (21.25 kQ)
than at Huai Luek (16.75 kg) and Mae Tha Nuea (15.87 kg). These results
suggest that soil transmission of CGMMV was likely and that the virus played
a role in the reduction of cucumber yields.
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