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Abstract This study aimed to investigate the plant growth-
promoting ability of the four most abundant AMF species
isolated from the sugarcane rhizosphere, Acaulospora
denticulata (ACD), Racocetra fulgida (RAF), Rhizophagus
clarus (RHC) and Glomus sp.7 (GLS), on the cultivation of
sugarcane under pot conditions. The results showed that
GLS and RHC significantly increased root colonization,
root morphology (root length, root surface area, root vol-
ume), P uptake, plant height and diameter, leaf area, rela-
tive water content, photosynthetic rate, stomatal
conductance, transpiration rate and total biomass. In con-
trast, ACD and RAF only affected leaf area, plant height
and root qualities. This is the first report of identification
of ACD and RAF as the most abundant AMF species in
sugarcane rhizosphere soils. Additionally, we are the first
to show that these 2 AMF could affect some physiologies
of sugarcane. Furthermore, Pearson’s correlation analysis
suggested that AMF root colonization was the most crucial
factor affecting the plant growth parameters of sugarcane.
This finding confirmed that inoculation with a specific
AMF species could better enhance the growth of sugarcane.
The results suggested that GLS and RHC could be used as
effective biofertilizers for improving the growth of sugarcane
under pot conditions.
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Introduction

Sugarcane (Saccharum species hybrids) is one of the most
economically valuable crops and is used as a resource for
sugar and energy production in many countries in tropical
and subtropical regions. Thailand is the fifth-largest sugar
producer and the second-largest sugar exporter in the world
(Shahbandeh 2021a; b). Global sugar production for the
marketing year of 2021/22 is forecasted to rise to 186
million tonnes (USDA 2021), resulting in a high demand
for sugarcane cultivation. Therefore, it is important to find
effective ways to scale up sugarcane production.
Chemical fertilizers have been commonly applied to
increase the yield and productivity of sugarcane due to
their ease of use and efficiency. Nitrogen and potassium are
required in large amounts, and their uptake corresponds to
the pattern of biomass accumulation. Phosphorus (P) is also
essential for tillering and root and shoot growth (Kingston
2014). The use of mineral phosphorus fertilizer is also
relatively inefficient because of the strong sorption to and
fixation by metal oxides in the soil matrix as insoluble,
immobilized, and/or precipitated forms. Moreover, phos-
phate rock, the source of mineral P fertilizers, is a finite
natural resource that is expected to last for only a few
hundred years based on the current rate of consumption
(Cordell et al. 2009; Gilbert 2009; Walan et al. 2014; Baker
et al. 2015). Due to the limited rate of P mobility around
the root zone, the circulation of available P has become a
serious concern for agricultural purposes. Therefore, one of
the alternative methods for P soil amendments is the use of
microorganisms capable of P utilization, such as arbuscular
mycorrhizal fungi (AMF). In this respect, interest has
increased in the role of AMF as an alternative way to
promote sugarcane production. AMF play an important
role in agroecosystems by increasing the availability and
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translocation of various nutrients, particularly P, by
extending extramatrical hyphae through rhizospheric zones
(Smith and Read 2008; Rouphael et al. 2015). Moreover,
AMF improve the safeguarding of plants from fungal
pathogens and several abiotic stress factors (Jung et al.
2012; Sun et al. 2018). Furthermore, AMF may affect
atmospheric CO, fixation by facilitating photosynthetic
rates in host plants by increasing the C sink and the
movement of photoassimilates from the aerial parts to the
roots (Gavito et al. 2019).

Several species of AMF have symbiotic associations
with sugarcane (Kumalawati et al. 2014; Pontes et al. 2017,
Rokni and Goltapeh 2011). A previous study by our group
reported that the application of AMF (Funneliformis mos-
seae) and mineral P fertilizer significantly increased sug-
arcane productivity and soil fertility under field conditions
compared to those of noninoculated plants (Juntahum et al.
2020). Therefore, the aim of this work was to isolate and
select AMF species to enhance the growth of sugarcane
and help plants take up P under greenhouse conditions.

Materials and Methods
Soil Sampling

Sugarcane rhizosphere soils were collected from four
sugarcane fields where sugarcane has been semiorganically
and organically cultivated as a monoculture for longer than
3 years. The sugarcane fields were located in northeastern
Thailand with latitudes and longitudes of 15°40'45.6"N and
102°12'14.0"E,  15°38'23.2"N  and  102°12'23.9"E,
15°36'43.5”"N and 102°12'41.5"E and 15°43'16.3"N and
102°17'08.4"E. Soil samples (500-700 g per sampling
point) were randomly collected from 10 points per area at a
depth of 0-20 cm. Each soil sample was kept in a plastic
bag and then air-dried for the isolation and quantification of
AMF spores.

Isolation of Native AMF

AM fungal spores were isolated from 100 g soil samples.
The spores were extracted using a wet sieving and
decanting technique (Gerdemann and Nicolson 1963).
Suspension of soil in tap water was decanted through a
series of sieves with the following apertures: 250 pum,
125 pm, 90 pm and 63 pm, stacked from top to bottom,
respectively. The AM fungal spores were collected from
each sieve in Petri dishes and then visualized under a
stereomicroscope for identification and multiplication of
spores.

Identification of Native AM Fungi

The isolated AMF spores were separated based on mor-
phology differences to count the number of spores of each
morphotype, in which the dominant AMF species were
then determined. After that, identification of dominant AM
fungal species was carried out based on spore morpho-
logical characteristics following the instruction manual for
the identification of VA mycorrhizal fungi (Schenck and
Pérez, 1990) and the Glomeromycota species list (amf-
phylogeny 2018). The native AM fungal spores of the
highly abundant species from each sugarcane monoculture
field at coordinates 15°40'45.6"N and 102°12'14.0"E,
15°38'23.2"N and 102°12/23.9"E, 15°36'43.5"N and
102°12'41.5”E and 15°43'16.3”N and 102°17'08.4"E were
found to be Acaulospora denticulata, Racocetra fulgida,
Rhizophagus clarus and Glomus sp.7, respectively.

Production of AMF Inocula from Native AMF
Spores

The dominant AM fungal species from each field were
used for multiplication by the pot culture technique, with
maize as a host plant (Boonlue et al. 2012). Maize seeds
were surface sterilized by soaking in 10% (v/v) NaClO
solution for 10 min. The sterile seeds were placed in
sterilized glass plates containing moist tissue paper to
allow germination for 5 days. Each AM fungal species was
surface-sterilized by washing with 2% (w/v) chloramine-T
solution for 3 min. Five healthy maize seedlings were
transplanted in a pot containing 2.5 kg of twice-sterilized
soil. The seedlings were put into a premade hole in the soil,
and then, a spore suspension containing 10 viable spores
was inoculated onto the roots of the seedlings and covered
with soil. Plants were watered with filtered tap water once a
day without additional fertilizer applied and grown for
90 days under a semi-open-sided greenhouse, a mobile
shelter with 3-sided walls. The surface of the soil was
covered with plastic sheets. The plants were exposed to
natural photoperiods at 22-31 °C from October to
December 2018.

After that, plant shoots were cut, and then, the soil was
air-dried and crushed. For the determination of spore
abundance, AM fungal spores in the soil were isolated by
sucrose centrifugation according to the method of Daniels
and Skipper (1982). Five grams of soil sample were mixed
with 20 mL of tap water and then centrifuged at 4000 rpm
for 5 min, and the supernatant was discarded. Spores were
resuspended in 20 mL of the 50% sucrose solution and
lysed after centrifugation at 3000 rpm for 1 min. The
supernatant was poured onto sieves with the smallest pore
size and then carefully rinsed with tap water. The spores
were filtered on Whatman paper No. 4 and counted under a
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stereomicroscope. Soil inoculums containing pure spores
that showed successful spore multiplications were selected
for use in further experiments. Roots were stained
according to the method of Koske and Gemma (1989). The
percentage of AMF colonization was determined according
to the method described by Trouvelot et al. (1986). AMF
propagules in the form of soil media consisting of AMF
spores, hyphal fungal fragments in dry soil and root frag-
ments were used as AMF inocula for further experiments.

Experimental Design and Sugarcane Plantation

The experiment was carried out using a completely ran-
domized design (CRD) including 5 treatments with 3
replications, in which there were 3 sub-replications for
each replication. The experiment consisted of 4 treatments
of inoculation with different AM fungal isolates, including
Acaulospora denticulata (ACD), Racocetra fulgida (RAF),
Rhizophagus clarus (RHC) and Glomus sp.7 (GLS). A
treatment without AM fungal inoculation was set up as a
control.

A pot experiment was conducted from March to June
2019 in a semi-open-sided greenhouse, a mobile shelter
with 3-sided walls covering plantations from natural dis-
turbances such as rain and wind. The ground was covered
with plastic sheets to avoid such disturbances. The tem-
perature in the shelter ranged from 22 to 37 °C. The cul-
tivation site was located at Khon Kaen University’s
agronomic farm in Khon Kaen, Thailand
(16°28'13.3"N + 102°48'35.5”E, 200 m above mean sea
level). The soil used in this experiment was collected from
an agricultural field (16°32'18.2”"N + 102°46'39.8”E) with
the following physicochemical properties: sandy loam
type, pH 6.8; 2.7 g soil organic matter kg~ '; 140 mg total
N kg™ "; 50 mg total P kg™'; 280 mg total K kg™'; 15 mg
available P kg™'; 36 mg exchangeable K kg™'; 104 mg
exchangeable Ca kg™'; and 56 mg exchangeable Na kg~".
The 2.5 kg soil was sterilized twice by autoclaving prior to
use in the experiment.

Commercial sugarcane cultivar KK3 was used in this
experiment. Healthy 8-month-old cane stalks were cut into
pieces with a single budded chip each. Sugarcane-budded
chips were germinated in plastic seedling bags
(0.2 x 0.6 m) containing twice-sterilized soils mixed with
rice husk charcoal at a ratio of 1:1 (v/v) for 30 days. After
that, uniform and healthy sugarcane seedlings were selec-
ted for transplanting into pots containing 15 kg of twice-
sterilized soil. In the AM fungal treatment, 4-5 g of soil
inoculum (20-25 spores g ' soil inoculum), which
accounted for a total of 100 spores per plant, was inocu-
lated onto the plant’s root ball adjacent to the roots of
sugarcane seedlings. Plants were watered (300 mL) once a
day. One hundred millilitres of a half-strength modified
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Hoagland’s nutrient solution without P (Hoagland and
Arnon 1950) were applied to each pot once a month. The
plants were grown for 120 days before carrying out the
plant growth performance analysis.

Plant Growth Performance Analysis

Plant growth performance was assessed 120 days after
transplanting. Plant height was measured from the ground
to the insertion of the top visible dewlap (TVD) leaf blade
(Brandes 1952) using a metre ruler. Stalk diameter was
measured at the bottom, middle and top of the stalk using a
Vernier calliper.

The physiological parameters of sugarcane were also
determined. The leaf below the insertion of the TVD was
used for the measurement of the SPAD chlorophyll metre
reading (SCMR), photosynthesis and relative water content
(RWC). First, the chlorophyll content was measured at the
base, middle and tip of the leaf using a SPAD metre
(SPAD-502, Konica Minolta, Japan) from 9 to 10 a.m.
(Jangpromma et al. 2010). Second, photosynthesis param-
eters, including net photosynthetic rate (PR), stomatal
conductance (SC) and transpiration rate (TR), were mea-
sured in the middle part of the leaf from 10 to 11 a.m. using
a LI-6400 portable open gas-exchange system (LI-6400,
LI-COR, Lincoln, NE, the USA). The parameters were
measured under the following processing conditions: pho-
tosynthetically active radiation of 1,000 umol m 2 s ';
CO, concentration of 350 pmol molfl; leaf temperature of
25 °C; leaf humidity of 35-50%; and air flow rate of
0.5 dm® min~". Finally, the leaf was cut into fragments 3—
5 cm in length without leaf margin and leaf midrib. The
leaf fragments were kept in a glass-covered container from
9 to 11 a.m. Their fresh weight (FW) was immediately
measured. After that, the leaf fragments were soaked in
deionized water at room temperature for 24 h under dark
conditions to measure the turgid weight (TW). Then, the
leaf fragments were dried at 70 °C for 72 h to measure the
dry weight (DW). RWC was calculated according to Matin
et al. (1989) using the formula below:

(FW — DW)

RWC=——— —_~
(TW — DW)

x 100.

To harvest plants from the pot, plants were cut at a
position just above the soil surface. Plant shoots (stems,
dead and fresh leaves, and TVD) were weighed. Leaf area
was measured from fresh leaves using a leaf area metre (Li-
3100C Area Meter, USA). Roots of sugarcane plants were
carefully washed with tap water, and excess water was
removed using tissue paper before measuring the FW.
Then, plant roots were scanned with an Epson scanner
V700 PHOTO. Plant root characteristics, including root
length (RL), root surface area (RS), root volume (RV) and
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Table 2 Plant root parameters, including root length (RL), root
surface area (RS), root volume (RV), root diameter (RD), specific root
length (SR) and AMF root colonization (RC), were measured at
120 days after transplantation. All treatments were as follows:

control, noninoculated plants; ACD, plants inoculated with Acaulos-
pora denticulata; RAF, plants inoculated with Racocetra fulgida;
RHC, plants inoculated with Rhizophagus clarus; and GLS, plants
inoculated with Glomus sp.7

Treatments RL (m) RS (sz) RV (cm3 ) RD (mm) RC (%)

Control 4278 £537b 1667.10 & 406.03 b 10.32 £ 3.80 b 0.33 £ 0.04 a 0.00 £ 55.10 ¢
ACD 48.49 £ 8.02 ab 2072.66 332.05 ab 16.13 £ 291 ab 0.32 +£0.01 a 32.67 £32.96 b
RAF 48.77 £ 4.03 ab 2112.62 + 567.99 ab 16.66 £+ 4.31 a 0.32 +0.03 a 31.50 £ 35.88 b
RHC 56.83 £ 749 a 2545.46 + 376.25 a 17.46 £ 1.56 a 0.30 + 0.05 a 43.67 £ 2447 a
GLS 59.14 £ 9.89 a 2479.52 + 403.31 a 18.16 £ 3.51 a 0.33 £ 0.04 a 58.33 £ 26.86 a

Each value is the means & SE of triplicate data. Values with different letters are significantly different using LSD at p < 0.05 when compared

within each column
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Fig. 1 Root and shoot dry weight (DW) (A) and P uptake (B) of
sugarcane plants 120 days after transplantation. All treatments were
as follows: control, noninoculated plants; ACD, plants inoculated
with Acaulospora denticulata; RAF, plants inoculated with Racocetra
fulgida; RHC, plants inoculated with Rhizophagus clarus; and GLS,

highest %root colonization was found in plants inoculated
with GLS. The longest roots of ~ 57-59 m were found in
plants inoculated with GLS and RHC, which were signif-
icantly longer than the control plant roots (~ 43 m).
Likewise, GLS and RHC were able to significantly increase
root surface area up to ~ 2,480-2,545 cmz, while the area
of the noninoculated plant roots was only ~ 1,667 cm?.
The root volume also increased from ~ 10.3 cm?
to ~ 16.7-18.2 cm® when plants were inoculated with
GLS, RHC and RAF. In contrast, the root diameter of
plants inoculated with AMF was not significantly different
from that of the control plants. Moreover, ACD did not
have a significant effect on any root characteristics of
sugarcane plants. All these results suggested that GLS,
RHC and RAF, but not ACD, played an important role in
enhancing sugarcane root qualities.

@ Springer

plants inoculated with Glomus sp.7 Each value is the means £ SE of
triplicate data. Different letters indicate significant differences among
values within each parameter when analysed using LSD at p < 0.05

Plant Biomass

Figure 1 shows plant biomass results, including root and
shoot dry weights (Fig. 1A) and P uptake (Fig. 1B), in
sugarcane plants inoculated with AMF compared to the
noninoculated plants. Similar to the other results, GLS was
the most efficient AMF in this study, in which it signifi-
cantly enhanced root dry weight (root DW), shoot dry
weight (shoot DW) and P uptake. Moreover, RHC
increased root DW and shoot DW compared to those of the
control plants. In contrast, the root DW, shoot DW and P
uptake of plants inoculated with RAF and ACD were not
significantly different from those of the noninoculated
controls. These results suggested that GLS and RHC were
effective plant growth promoters for sugarcane.

To investigate the relationship among factors affecting
plant growth parameters, Pearson’s correlation analysis
was performed, and the results are shown in Table 3. The

analysis results indicated that root characteristics,
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especially AMF root colonization and root volume, were
the factors that most affected the plant growth parameters
of sugarcane. Several plant growth parameters, including
root volume (RV), leaf area, photosynthetic rate (PR),
stomatal conductance (SC), transpiration rate (TR), P
uptake, and plant biomass (shoot, root and total DW), were
positively correlated with AMF root colonization. In this
regard, root DW had the greatest effect on the total DW of
plants. Likewise, RV had significantly positive correlations
with plant height, leaf area, TR, P uptake, shoot DW and
total DW. Additionally, the analysis suggested that the
characteristics of the aboveground parts of plants, espe-
cially leaf area, PR, SC, TR, and shoot DW, had significant
effects on plant growth parameters. The results showed that
leaf area was positively correlated with relative water
content (RWC), PR, SC, TR, and shoot DW. PR, SC, TR,
and shoot DW had significantly positive correlations with
plant total DW, while only TR and shoot DW had positive
correlations with shoot DW and root DW, respectively.
Moreover, PR and SC were significantly correlated with
TR, while only PR had a positive correlation with SC.

Discussion

In this study, 4 AMF species, Acaulospora denticulata
(ACD), Racocetra fulgida (RAF), Rhizophagus clarus
(RHC) and Glomus sp.7 (GLS), were the most abundant
AMEF species isolated from rhizospheric soils collected
from sugarcane fields. The effects of these AMF species on
enhancing the growth and yield of sugarcane under pot
conditions were investigated. The results showed that most
of these AMF, especially GLS and RHC, could improve
sugarcane growth and biomass when applied under pot
conditions. In contrast, ACD and RAF did not greatly
affect the growth and biomass of sugarcane. The effects of
Glomus sp.7 on plant growth in this study were commonly
found among other species of Glomus. For example, the
application of Glomus spores increased the formation of
the rooting system and lengthened the roots of sugarcane
seedlings grown on tissue culture media (Muniyamma et al.
2000). Similarly, the growth of cacao seedlings was pro-
moted by the inoculation of AMF spores of the native
species of Glomus sp. (Ramirez et al. 2016). Such an effect
on the growth of seedlings was also found in the case of
cucumber and tomato plants (Yildiz 2010). Moreover, we
found that Rhizophagus clarus in this study played an
important role in enhancing the root characteristics of
sugarcane plants. This agreed with other previous reports.
For example, the inoculation of Rhizophagus clarus could
improve the specific root length and root density of Tec-
tona grandis (Alexandre et al. 2021). Another report by
Goetten et al. 2016 also found that this AMF species could
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increase the plant height and stem diameter of Luehea
divaricata, Centrolobium robustum and Cedrela fissilis.
Different results, however, were found in the case of sug-
arcane plants, in which inoculation with Rhizophagus
clarus alone had little effect on sugarcane growth. The
effects were pronounced when an inoculation of AMF was
used in combination with compost (30 t ha™'), especially
in terms of an increase in root dry mass (Mattos Abreu
et al. 2021). This finding contradicted the results in our
work that RHC could effectively enhance sugarcane
growth. This suggested that the plant growth-promoting
effects of Rhizophagus clarus depended upon the type of
plant and other environmental factors during cultivation.
Accordingly, a study showed that the inoculation of Rhi-
zophagus clarus increased the leaf area and P content of
sugarcane variety SP81-3250 grown in soil with high P
levels (9.35 mg kg_l) (Fors et al. 2020). This work indi-
cated that the level of nutrient contents in soils also influ-
enced the functions of AMF.

Variation in the plant growth-promoting ability of AMF
was also found in the species Acaulospora sp. and Raco-
cetra fulgida. In our work, Acaulospora denticulata and
Racocetra fulgida had fewer effects on promoting the
growth and yield of sugarcane than other native AMF
species. These results were in agreement with some pre-
vious studies. For example, root colonization in cacao
seedlings of Acaulospora sp. was lower than that of Glo-
mus sp.7 Additionally, the inoculation with Acaulospora
sp. could not greatly improve plant dry weight, while its
effect on increasing the P content in the plants was more
significant than that in the noninoculated plants (Ramirez
et al. 2016). Similar results were found in the case of chilli,
in which Acaulospora denticulata had the least effect on
promoting the growth of chilli when compared to other
AMF species, including Gigaspora albida, Glomus
geosporum, Scutellospora corolloidea and Scutellospora
scutata (Nimasow and Singh 2020). Likewise, limited
effects on plant growth promotion of Racocetra fulgida
were still observed even though the culture was coinocu-
lated with other efficient AMF species (Middleton et al.
2015). However, we are the first to investigate the plant
growth-promoting effects of Acaulospora denticulata and
Racocetra fulgida in sugarcane plants. Although these 2
AMF species showed the least effects on enhancing the
growth of sugarcane, they could significantly increase the
leaf area and root volume of the inoculated plants.

Furthermore, we found that the level of root coloniza-
tion was a main factor affecting the efficiency of AMF to
increase plant growth parameters in sugarcane. This was
evidenced in the case of GLS, which had the highest root
colonization and thus was the most effective plant growth
promoter among the other 3 tested AMF species. This
finding agreed with a study on the effects of Rhizophagus
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irregularis BEG 72 on leek plant growth, which showed
that this AMF had high root colonization and could stim-
ulate shoot development of leek plants grown both in vivo
and in in vitro culture (Calvet et al. 2013). Moreover, it is
known that AMF species belonging to the Glomeraceae
possess a better ability to colonize new plant roots via
extension of their mycelium into root fragments (Tom-
merup and Abbott 1981) than the AMF species in the
families Acaulosporaceae and Gigasporaceae (Hart and
Reader 2002). An improvement in root qualities in AMF-
inoculated plants is a result of carbon allocation from soils
to the rooting system (Lambers et al. 2009; Wu et al,,
2015). Thus, AMF-inoculated plants have higher photo-
synthesis rates (PR), respiration rates and plant biomass
(Miller et al. 2002; Mishra et al., 2009). Our correlation
analysis (Table 3) agreed with this claim, in which root
colonization was the factor that positively correlated with
almost all plant growth parameters, such as root qualities
(i.e. root volume, root dry weight), PR, stomatal conduc-
tance (SC), transpiration rate (TR), relative water content
(RWCQ), total plant biomass and P uptake. Similarly,
Sulistiono et al. 2020 also found a correlation between root
colonization and nutrient uptake by plants. This result was
similar to a previous report indicating that Rhizophagus
irregularis BGC BJ109, which had high root colonization,
had a positive effect on RWC in black locust (Chen et al.
2017). This is probably because AMF hyphal networks
allow higher hydraulic conductivity, resulting in enhanced
plant water uptake and subsequently enhanced SC and TR
(Kapoor et al. 2008; Sheng et al. 2008). Under optimal
conditions, increases in SC can allow plants to increase
CO, and water uptake and subsequently enhance photo-
synthesis (Kusumi et al. 2012). The combined effects of
nutrient uptake and photosynthesis were important factors
for the increase in plant biomass (Usuda 2002; Tong et al.
2019), which was also found in our study.

Finally, all of the results found in our study suggested
that the plant growth parameters of sugarcane seedlings
were significantly improved by the inoculation of our AMF
species, especially Glomus sp.7 (GLS) and Rhizophagus
clarus (RHC). The efficiency of plant growth promotion by
these 2 AMF species was pronounced even without the
addition of any fertilizer. This clearly confirmed that GLS
and RHC had the potential to be applied as mycorrhizal
inoculants to promote the growth of the sugarcane cultivar
KK-3, which is the most popular cultivar of sugarcane in
Thailand.

In conclusion, 4 AMF species, Acaulospora denticulata
(ACD), Racocetra fulgida (RAF), Rhizophagus clarus
(RHC) and Glomus sp.7 (GLS), isolated from rhizosphere
soils obtained from sugarcane fields were selected for use
as biofertilizers in pot experiments to enhance the growth
of sugarcane. Correlation analysis suggested that AMF root

colonization was the most important factor affecting the
plant growth parameters of sugarcane. The whole root
morphology was significantly improved in the plants with
effective mycorrhizal colonization. Meanwhile, a signifi-
cantly greater P uptake in the plants with effective myc-
orrhizal colonization might be derived from a better root
morphology. It was likely that mycorrhizal effects on root
morphology and nutrient uptake resulted in enhanced
photosynthesis. Therefore, increases in plant growth and
biomass were obtained, explaining why the growth and
yield of sugarcane could be enhanced by the inoculation of
a specific AMF species. Among 4 AMF species in this
work, we found that GLS and RHC were the most efficient
plant growth promoters and could be suitable for further
development in applications as biofertilizers for sugarcane
growers in Thailand.
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