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ABSTRACT

In this wotk, the nanocolumnar AZO thin film was deposited on glass slide and silicon wafer
(100) substrate by dc pulsed magnetron sputtering with glancing angle deposition (GLAD) technique
on the silicon (100) wafer and glass slide substrate. The influences of annealing treatment on the
nanocolumnar AZO thin films prepared in different temperature at 200400 °C for 3 hours in vacuum
wete investigated. The physical morphologies, optical and electrical properties of the vertically aligned
nanocolumnar AZO thin films were investigated using grazing incident X-ray diffraction (GIXRD),
field-emission scanning electron microscope (FE-SEM), transmission electron microscope (TEM),
UV-Vis-NIR spectrophotometer with angle-dependent technique and Hall-effect measurement.
The crystal structure analysis from GIXRD indicated that as-deposited and annealed nanocolumnar
AZO flms were crystalline with wurtzite structure. In addition, the results show that the optimum
annealed temperature of 400 °C was the most valuable to improve the optical transmission in visible
region (86.6%) with omnidirectional anti-reflection property and low resistivity (1.70x10° Q-cm) of
nanocolumnar AZO films,

Keywords: AZO, pulsed dc magnetron sputtering, GLAD, vacuum annealing

1. INTRODUCTION

Aluminum-doped zinc oxide (AZO) is one  cell devices due to its good electrical property and
of attractive matetials for transparent conducting  high optical transmittance in visible region. The
oxide (T'CO) film in many opto-electronicand solar ~ AZO is 2 n-type semiconductor with a wide energy
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Bacteria exhibiting 1-aminocyclopropane-1-carboxylic acid (ACC) deaminase activity, which inhibits the biosynthesis of
ethylene in higher plants, promote plant growth through the degradation of ethylene precursors, such as ACC. ACC
deaminase activity in Bradyrhizobium sp. SUTN9-2 was enhanced by genetic engineering and adaptive laboratory evolution
(ALE)-based methods. The transferal of a plasmid containing the acdR and acdS genes into SUTN9-2 was genetic
engineering improved, while the ALE method was performed based on the accumulation of an adaptive bacterial population
that continuously grew under specified growth conditions for a long time. ACC deaminase enzyme activity was 8.9—fold
higher in SUTN9-2:pMG103::acdRS and 1.4-fold higher in SUTN9-2 (ACCDadap) than in the wild-type strain. The effects
of increased activity were examined in the host plant (Vigna radiata (L.) R.Wilczek SUT1). The improved strains enhanced
nodulation in early stage of plant growth. SUTN9-2:pMG103::acdRS also maintained nitrogen fixation under water deficit
conditions and increased the plant biomass after rehydration. Changes in nucleotides and amino acids in the AcdS protein of
SUTN9-2 (ACCDadap) were then investigated. Some nucleotides predicted to be located in the ACC-binding site were
mutated. These mutations may have increased ACC deaminase activity, which enhanced both symbiotic interactions and
drought tolerance and promoted recovery after rehydration more than lower ACC deaminase activity. Adaptive evolution

represents a promising strategy for further applications in the field,

Key words: 1-aminocyclopropane-1-carboxylate (ACC) deaminase activity, ethylene, infection/nodulation, Iigna radiata. water deficit

conditions

Microbial 1-aminocyclopropane-1-carboxilic acid (ACC)
deaminase inhibits ethylene biosynthesis through the degra-
dation of ACC, a precursor of ethylene in higher plants,
which promotes plant growth, particularly under environ-
mental stress conditions (Saleem et al., 2007; Saraf ef al,
2010; Glick, 2014; Gamalero and Glick, 2015). Plants often
respond to stress conditions by increasing the production of
ethylene, which is caused by the stress-induced acermila-
tion of ACC and referred to as stress ethylene. Large
amounts of ethylene induce tissue damage and reduce plant
growth, “which ultimately result in yield losses (Apelbaum
and Yang, 1981; Kacperska and Kubacka-Z¢balska, 1989;
Stearns and Glick, 2003; Dubois et al., 2018). Therefore,
bacteria exhibiting ACC deaminase activity may modulate
the production of ethylene in plants at appropriate levels for
growth. To investigate the mechanisms by which soil bacte-

* Corresponding author, E-mail: neung@sut.ac.th;
Tel: +66-44-223389; Fax: +66-44-224154.

Citation: Sarapat, S.. Songwattana. P.. Longtonglang, A..
Umnajkitikorn, K., Girdthai, T.. Tittabutr, P,, et al. (2020) Effects of
Increased  |-Aminocyclopropane-1-Carboxylate (ACC) Deaminase
Activity in Bradvrhizobium sp. SUTN9-2 on Mung Bean Symbiosis
under Water Deficit Conditions. Microbes Environ 35: ME20024.
https:/idoi.org/10.1264/jsme2. ME20024

ria containing ACC deaminase decrease ethylene production
in plants, Glick et al. (1998) created a model and proposed
that ACC, a product of S-adenosyl-methionine (SAM) via
the catalysis of ACC synthase activity in plant tissues, is
absorbed by soil bacteria that live around the plant roots or
inside plant tissues and is then degraded by the ACC deami-

"nase activity of bacteria to a-ketobutyrate and ammonia,

Therefore, ACC levels may be controlled upstream of ethyl-
ene production in the ethylene biosynthesis pathway,
leading to a decrease in the negative effects associated with
the high production levels of ethylene. In addition to the
reductions in plant growth described above, the ethylene
hormone as a factor has been shown to interfere with nodule
formation in rhizobia-legume interactions. Endogenous eth-
ylene production induced by the application of exogenous
ACC or ethylene was found to reduce nodule numbers in
several legume plants, such as Medicago sativa, Pisum
sativum, Lotus japonicus, Macroptilium atropurpureun, and
Trifolium repens (Goodlass and Smith, 1979; Peters and
Crist-Estes, 1989; Lee and LaRue, 1992a; Lee and LaRue,
1992b; Penmetsa and Cook, 1997; Nukui et al., 2000
Oldroyd ef al., 2001). In contrast, leguminous plants were
treated with ethylene synthesis inhibitors, such as L-o-(2-
aminocthoxyvinyl) glycine (AVG) and silver thiosulfate
(STS), as well as in an ethylene-insensitive mutant plant of

Article ME20024
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Introduction

Abstract

Bradyrhizobium sp. strain SUTN9-2 was confirmed as rice endophytic bacteria
and also as rice growth promotion agent. SUTN9-2 showed the capability of
plant growth promotion characteristics, such as indole-3-acetic acid (IAA) and
1-amino-cyclopropane-1-carboxylic acid (ACC) deaminase productions and
nitrogen fixation. In this study, the ability of SUTN9-2 to stimulate rice
growth was investigated at different stages with N-free and NH4NO; under
in vivo condition. The rice dry weight and chlorophyll content could be
enhanced when SUTN9-2 was inoculated in N-free, especially at seedling stage
(7 and 14 dai). The rice dry weight was also increased when SUTN9-2 was
inoculated with NH,;NO; at 7 and14 dai, The results of quantitative analysis of
IAA and ACC deaminase were inconsistent with the expression of genes
involved in IAA (nit) and ACC deaminase (acdS) productions, This
inconsistently could implied that IAA and ACC deaminase produced from
SUTN9-2 do not directly affect rice growth, but other factors resulting from
the production of IAA and ACC deaminase could be involved, Moreover, the
expression of genes involved in nitrogen fixation (nifH and nifV) of SUTN9-2
was also induced in rice tissues. This finding suggested that rice growth
promotion may be supported by NHyNO, together with nitrogen fixation by
SUTN9-2.

acid (IAA) by increasing plant cell division and elonga-
tion (Tivendale et al. 2014). Bradyrhizobium sp. SUTN9-2

Bradyrhizobia have been reported to establish the endo-
phytic diazotrophs with rice and also enhance rice growth
(Piromyou et al. 2017). Some endophytic bacteria can
facilitate plant growth via production of l-amino-cyclo-
propane-1-carboxylic acid (ACC) deaminase by decreas-
ing plant ethylene levels (Glick 2014) and indnle-3-acetic

has been recently reported to show the ability of IAA and
ACC deaminase productions, and nitrogen fixation in
their pure culture and rice endophytic association at
30 days after inoculation (dai) (Piromyou et al. 2017).
Therefore, these characteristics of SUTN9-2 may affect
rice growth promotion, However, the effect of SUTN9-2

258 Letters in Applied Microblology 68, 258-266 ® 2019 The Society for Applied Microblology
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Abstract

This work reports the electrochemical properties of activated carbon prepared from cassava starch
activated using KOH. The effect of the impregnation ratios by weight on the surface area and pore
structure of the prepared carbon was characterized by N; adsorption-desorption techniques. By
increasing the impregnation ratio by weight from 1:1 to 1:5, the specific surface area increased from
1049 to 1350 m® g~ and mean pore diameter also increased from 1.89 to 2,15 nm, respectively. The
decrease of mean pore diameter enhanced the specific capacitance value, The carbon electrode with
the impregnation ratio of 1:1 reached the maximum specific capacitance of 175 = 12F g™ at the
current density of 2 A g~" due to the smaller mean pore size. Moreover, the specific capacitance
retained about 98% after 1000 cycles. The excellent electrochemical performance of activated carbon
prepared from cassava starch could be considered as an electroactive material for supercapacitors,

1, Introduction

For the past few decades, electrochemical capacitors or supercapacitors have gained much attention as one of the
energy storage devices because of thelr high power density, long cycle life, and long-term stability [1-3].
Generally, charge storage mechanism of supercapacitors can be classified into the following three types of an
electric double-layer capacitor (EDLC), pseudocapacitor, and hybrid capacitor (4, 5. While it is known that the
performance of supercapacitors relies on their electroactive materials. Therefore, most of the researchers are
focusing on the improvement of electroactive materials. In general, well electroactive materials should provide
high specific surface area, low resistivity, and well microstructure in order to allow the accessibility of electrolyte
ions [6). Therefore, several materials can be applied such as conducting polymers [7], carbon-based materials
(8], and transition metal oxides [9]. Among those materials, carbon-based material such as graphite [10],
activated carhon [11, 12], carbon nanotube [13], carbon nanofiber [14], and carbon aerogel [15, 16] have gained
a lot of consideration due to their non-toxicity, high surface area, high electrical conductivity, good corrosion
resistance, high-temperature stability, and low-cost [7).

Activated carbon with high surface area can be prepared from biomass and agricultural or natural materials
such as rice husk [17), rubberwood sawdust [12], ash raw bagasse [18], corn stalk [19], pomelo (20}, and waste-
leaves [21]. There are two pracesses involving the preparation of activated carbon which are physical and
chemical activations [22]. In physical activation process, the production of activated carbon requires a high
activation temperature and long activation time which leads to a reduced yield of activated carbon [23, 24). In
contrast, chemical activation process involves alow temperature which has been commonly done at 450 to
800 °C[25). Compared with physical method, chemical method uses lower temperature for pyrolysis [26] which
in turn higher specific surface area and higheryield [27]. In order to promote the carbonization in chemical
activation, various activating agents such as H,SO, [28], HyPO, [29], NaOH [30], KOH [31], and ZnCl, [32] are

2020 The Author(s). Published by IOP Publishing Ltd
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In Vitro Selection of Drought Tolerance in Cassava
(Manihot esculenta Crantz.) Using Polyethylene Glycol
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School of Crop Production Technology, Institute of Agricultural Technology, Suranaree University of
Technology, Nakhon Ratchasima, Thailand

*Corresponding author: E-mail: teerayoot@sut.ac.th

Abstract

Screening of drought-tolerant varieties in vitro condition is essential for efficient breeding program. The
objectives of this study were to, investigate the optimum culture media for induction shoot regenerate and to
determine the responses of three different cassava varieties to drought stress induced by polyethylene glycol
(PEG) in order to establish a new screening technique for cassava. The explants for shoot induction of 3 cassava
varieties (Huaybong 60, Kasetsart 50 and Rayong 90) were cultured on MS medium. Cultivation of node on media
were supplemented with 20 g/l sucrose in order to obtain sufficient cassava plantlet. Cassava were then
transplanted and screened for drought tolerance on MS medium containing different PEG concentrations (0, 10,
20, 30 and 40%) arranged in factorial in completely randomized design (CRD) with 10 replications. Survival rate
of all cultivars were decrease at 30% of PEG concentration from 5 days after transplanting. Survival rate of all
varieties at highest concentration of PEG was 0%. At 20 days after transplanting, survival rate of Kasetsart 50 at
10% of concentration was highest (60%). At 20% of PEG concentration, survival rate of Huaybong 60 (20%) and
Kasetsart 50 (20%) has higher than Rayong 90 (10%). This result suggested that PEG could be used for screening
of cassava with drought tolerant under in vitro condition. The optimal concentration of PEG for preliminary
screening of cassava plantlet was 10-20 %.

Keyword: cassava, drought stress, tissue culture, osmoticum, survival rate

1. Introduction

Cassava (Manihot esculenta crantz.) has risen from obscurity from the past to play a central role in the present as
security food and energy source, culture and economic prosperity of many African, South American and Asian
countries [1]. In 2016, approximately of 270 million tons of cassava was produced globally and the production
of cassava was 3 Imillion tons per year in Thailand [2]. Huaybong 60, Kasetsart 50 and Rayong 90 had high root
yields and root starch contents as well as the most cultivar grown in Thailand. Cassava has the reputation of being
adrought tolerant crop. However, plant and root development are affected when deprived of water. This ultimately
will translate to an altered starch synthesis expressed by variation of starch quality, Drought stress is one of the
most important problems that inhibit plant growth, development, and cause yield loss. To survive, plants will
respond and adapt to a drought stress by changing at whole-plant levels [3,4,5]. The importance of cassava has
triggered concerted efforts in breeding programs to develop better varieties, production having rapidly increased
over a short period. However, Screening of drought tolerance in the field would take a decade.

In vitro propagation, a common method for vegetative reproduction, is a form of biotechnology using
plant tissue culture and has a number of advantages over traditional methods of plant propagation. One of the big
advantages is that exceptionally large numbers of disease-free seedlings can be produced in a very limited space
[6]. In order to increase the genetic variation, various techniques could be done, including through the application
of in vitro technology. In vitro culture of plant cells, tissues or organs on a medium containing selective agents
offers the opportunity to select and regenerate plants with desirable characteristics. The technique has also been
effectively utilized to induce tolerance which includes the use of some selective agents that permit the preferential
survival and growth of desired phenotypes. In vitro selection methods have been used to select the level of drought
tolerant on many types of plants through the addition of polyethylene glycol (PEG) compound. The addition of
PEG has been reported to be able to decrease water potential on culture media of in vitro technique and make it
efficiently to obtain the genetic variation of plants which are tolerant to drought stress[7]. Previous studies
have shown that drought stressed plants had 45% fewer leaves and lower tuber yield, by 83%, compared with
well-watered plants [8]. PEG have been used as in vitro stress factors for selection drought tolerant genotypes in
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Effect of Ethyl Methanesulphonate (EMS) on the in vitro
Cassava [Manihot esculenta (1..) Crantz] Plantlets

Wilawan Thimtong and Teerayoot Girdthai'

School of Crop Production Technology, Institute of Agricultural Technology, Suranaree University of
Technology, Nakhon Ratchasima, Thailand

e

"Corresponding author: E-mail: teerayoot@sut.ac.th

Abstract

Chemical mutagenesis has been used to induce the genetic variation of several crop plants. Chemical agents such
as BMS, MMS and sodium azide are commonly used for indyced mutation. The aim of this research was to
evaluate the effect of ethyl methanesulphonate (EMS) on survi\‘ldl rate and growth of cassava in order to identify
the Lethal Dosage (LD) on cassava. The nodes of different cassava cultivars including Hauy Bong 60 and Rayong
72 were exposed to different doses of EMS (0, 0.25, 0.50, 0.75 and 1 %) and then cultured on MS medium
supplemented with 0.1 mg/l BA + 0.1 mg/l Kin + 0,05 mg/l NAA + 20 g sugar for 4 and 6 weeks. The lethal dose
was determined by different measurements on treated material compared to untreated control. The probit curve
from survival of treated material revealed that the LDsy concentration of EMS for Hauy Bong 60 and Rayong 72
were 0.47% and 0.25%, respectively. The increase in concentration of EMS resulted in a decrease in survival and
shoot length. The effective dose of EMS mutagenesis on reduction of growth was between 0.25 and 0.50 % for
Huay Bong 60 and Rayong 72, respectively.

. “L . § .
Keywords: survival rate, lethal dose, in vifro mutagenesis

1. Introduction

Cassava (Manihot esculenta Crantz) is a staple food crop for more than a billion people in 105 countries in sub-
tropical and tropical regions [ 1]. The tuberous storage roots are rich in carbohydrates and can be cooked or
processed for human consumption. Several agronomic traits make cassava suitable as a subsistence crop for rural
farmers. It is drought-tolerant crop, grows well on low-nutridht soils and requires minimal resource input to
cultivate [2, 3]. Thailand exports cassava more than 200 million Baht per year. Small farmers in 41 provinces in
Thailand are the producers growing cassava for commercial purpose. One of the first cultivars developed for
improved economic return in Thailand was Rayong 1 (R1) in 1974 which was selected from a local land race [4].
The Genus Manihot includes the new world tropic crop spreading over from Mexico to America. Most species
occur in Northern of South America [5]. Cassava breeding in Thailand develops slowly as a consequence of
conventional breeding program and time consuming of clonal propagation. It takes about 30 years to develop
about 10 cassava cultivars that available for farmers. Most of them are the ones which produce high yield (around
3.5 ton per rai). An in vitro gene bank using minimum growth storage had been developed at Kasetsart University,
in which nearly 130 cultivar, were maintained under slow growth condition [6]. Problems in the cultivation of
cassava are virus diseases, insect pets, low protein content of the roots and the presence of toxic cyanogenic
glucosides [ 5, 7]. Tissue culture and gene transfer systems currently employed to produce transgenic cassava
which improved phenotypes [8]. There is a great potential of cell and tissue culture techniques in plant
improvement, provided plants readily to regenerate in large number [9]. Tissue culture induces variation in
regenerated plants called somaclonal variation [10]. Tt can result in a range of genetically stable variation, useful
in crop improvement [9, 11] similar to that induced with chemical and physical mutagens. Somaclonal variation
is unpredictable in nature, and can be both heritable (genetic) and non-heritable (epigenetic)

Mutation breeding is comparatively a quicker method for improvement of crops. It has been observed
that induced mutations can increase yield as well as other quagtitative traits in plants [12]. Most of the crop
improvement programs took long attempt to achieve new virieties through conventional breeding methods
exploiting only the natural variability available in the germplasm. Adequate variability is not available in the gene
pool to change the plant ideotypes especially on quantitative traits of cassava. The induced mutagenesis can be
efficiently employed as an alternative way to induce the variability in morphological and physiological characters.
The artificial induction of mutation in a crop species is achieved through the use of physical and chemical
mutagens that increase the mutation frequency when compared to the spontaneous mutation. The information on
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Production of chitosan oligosaccharides using food-grade
enzyme technology

Chai Noy Soem and Montarop Yamabhai’

Molecular Biotechnology Laboratory, School of Biotechnology, Institute of
Agricultural Technology, Suranaree University of Technology, Nakhon
Ratchasima, Thailand 30000.

* Corresponding Author: montarop@g.sut.ac.th

Abstract. Chitosan oligosaccharides (CHOS), hydrolyzed oligomers of
chitosan, have been shown to have several biological and physicochemical
properties which are beneficial to human health and beauty. In this study, we
have developed a food-grade enzyme technology for the production of soluble
CHOS from chitosan, derived from chitin of shrimp and prawn shells, in a lactic
acid solution. The bioconversion yields were 100%, and the products were kept
in lyophilized form. Even though CHOS can be produced chemically, physically
and enzymatically, production of CHOS using enzyme technology is preferable
due to several advantages, most importantly, the process is environmental-
friendly, and the final products can be precisely control by regulating the
bioconversion reaction. In this research, well-characterized chitosan
oligosaccharides were produced using well developed food-grade enzyme
technology in our laboratory. The CHOS products could be further applied for
food and feed industry. The result from this study is an example of innovation
for bio-circular green economy (BCG), of which wastes are converted into
profitable high-value product using green technology.

1. Introduction

Chitosan oligosaccharides (CHOS), which are expected to be utilized as functional foods,
pharmaceuticals ingredient and bioactive compound, are hydrolyzed oligomers of chitosan.
Chitosan oligosaccharides can be produced partially through enzymatic reaction or chemically
hydrolyzed. At high temperature with strong acidic condition, chitosan is hydrolyzed, result in
large amount of glucosamine (chitosan monomer) [1]. Disadvantage of chemical reaction
method is needs of highly convenient system to control the progress of the reaction and
generation toxic wastes. Chitosan oligosaccharides production using enzymatic hydrolysis has
few advantages over high performance chemical reaction such as mild reaction condition and
ability to generate low monosaccharide final products [2]. The hydrolysis of chitosan using
enzymatic methods is better than chemical reagent-catalyzed methods and physical methods
because of the predictability and controllability as well as less demand of energy [3].
Moreover, the enzymatic methods are highly specific with minimal chemical modification of
the products. Enzyme concentrations, pH, temperature, and reaction duration are critical
factors in controlling the CHOS production using enzyme-catalyzed reaction. Chitosan
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Abstract

In this study, K. oxytoca KMS004 (AadhE Apta-ackA) was further reengineered by the deletion of frdABCD and pfIB genes to
divert carbon flux through D-(—)-lactate production. During fermentation of high glucose concentration, the resulted strain named
K. oxytoca KIS004 showed poor in growth and glucose consumption due to its insufficient capacity to generate acetyl-CoA for
biosynthesis. Evolutionary adaptation was thus employed with the strain to overcome impaired growth and acetate auxotroph,
The evolved K. oxpfoca KIS004-91T strain exhibited significantly higher glucose-utilizing rate and D-(—)-lactate production as a
primary route to regenerate NAD", D-(—)-lactate at concentration of 133 g/L (1.48 M), with yield and productivity of 0.98 g/g and
2.22 g/L/h, respectively, was obtained by the strain. To the best of our knowledge, this strain provided a relatively high specific
productivity of 1.91 g/gCDW/h among those of other previous works. Cassava starch was also used to demonstrate a potential
low-cost renewable substrate for D-(—)-lactate production. Production cost of D-(—)-lactate was estimated at $3.72/kg. Therefore,
it is possible for the KIS004-91T strain to be an alternative biocatalyst offering a more economically competitive D-(—)-lactate
production on an industrial scale.

Key Points

* KIS004-91T produced optically pure D-(= )-lactate up to 1.48 M in a low salts medium.

» It possessed the highest specific D-(=)-lactate productivity than other reported strains.

* Cassava starch as a cheap and renewable substrate was used for D-(—)-lactate production.
* Costs related to media, fermentation, purification, and waste disposal were reduced.

Keywords Metabolic engineering - Evolutionary adaptation - K. oxytoca - D-(—)-lactate - Cassava

Introduction

Researchers have been attracted to the sustainable productions
of biofuels and biochemicals from renewable biomass to re-
duce demands for crude oil and petroleum derivatives (Lee
et al. 2017) including 2,3-butanediol, ethanol, succinic acid,

=] Kaemwich Jantama
kaemwich@sut.ac.th

Metabolic Engineering Research Unit, School of Biotechnology,

Suranaree University of Technology, 111 University Avenue, acetic acid, and lactic acid. Among these, D-(-)- and L-(+)-
Suranaree, Muang, Nakhon Ratchasima 30000, Thailand lactic acid isomers have long been of interest as biochemical
2 Department of Bio-pharmacy, Faculty of Pharmaceutical Sciences, products and precursors for several industrial chemicals such
Ubon Ratchathani University, Warinchamrap, Ubon as food additives, phannaceuticals, and fine chemicals and

Ratchathani 34190, Thailand biopolymers. They also have a potential for the production
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(unsAu-tiuaw)
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4/26



Ui 30 fugey 2563 uninenduildunsnd sou Wudu 10,661.4 aruuiy wildu 1,188.7
dum Anduiesay 11 vosdunindsam uasduvemu Judu 9,472.8 dum Aaduiavay 89

Qs L3 o ] JU - ar ﬂv
YDIAUNTNGTI TUNAINUIEURTURaYaU Al

- a - [ o -

daunaty Haunswdsan Wulbu 11,269.8 duum wildu 870.1 da1uum Aslufesay 8 veq
Auniwdsan wavdiuweau $1uau 10,399.7 duum Anlufevay 92 vasduningsa

Sovay 13 JWulduauvie

[ o : - o ]

Jovay 5 Jugnuiluaziutuvesesine

v o g

sotay 12 Wugnuissesen

v [ -

088y 26 WURUAMUTEEZEN

Jovay 44 {Wueim1s Asneaine uwavagioe

-l a - W - - W a
WAsH und. Saunswdsin Wuldu 69.7 duuv wiau 31.3 duum Aauiovay 45 vasduning
oA a a a o Xl | o

570 (uniliduduumninends fevay 72 iivdedavay 28 \Wunildu) wavdiuveau 1uu 38.4
Fuum Aadusesay 55 vesduning

[ & - d

908y 15 WUHUAUNAD

fovar 3 Wugnwiluaziuduvasesing

a [-1 o a -l

Jovay 17 \Wudumuazianauvie

[y o :

sovar 7 Wugnuissesemn

Jovay 58 \Uuems Aneaieuavagioe

[V - g o g - YRS
wialusndl daundwedsan Wudu 333 d1uuin niau 68.2 d1uum Asuiesay 20 vesduning
] o a W W oW I Xa a a o W o e
52 (Uuniwdduanmsuiaiasamsivi fewvar 45 Wunilluduuminends Jesaz 10 vas
&l o w a )

Yoway 45 \Junildy) wavdiuwowu Suau 264.8 duum Anluiosay 80 vaaduniwdsa

Jovay 39 JWJuldunavie

fovar 1\ Judufuazianmunie

v o v -l o

Sowar 6 \Uudunindvyuisudu

[ a . | Y a 3

Yovay 54 ueimns ﬁqnaamuamjnmm
q:auumms faunswdsau 71.9 mumw wildu 21.2 duum Andludesay 29 vesBuniwdsau
(uniliauduuminends Yovas 69 Mndsdaway 31 Wunilau) wazdwramu §1u9u 50.7 a1y
vy Aewduiesay 71 vodunindsau

Sovar 12 Wulumpuvie

v o o " |

088y 2 WUgNAULAZIRUENVIATENIY

Jovay 1 \Wududwarianauvie

fovar 85 \Uuoims aanaamua“ﬂjnmm
Tsaweuna una. uawswaim 3,581.4 GI1UUM wuau 1,882.1 duum Anlufesay 53 (Hunil
GuBuumniverdutosay 87 fvasdosay 13 {Huwiisu) wavd1uremu 91U 1,699.3 Auum
AoduSovay 47 vesdunindsiy

fovay 1 Wuldupunie

Y o .

fovar 3 \Wugnviluasiubumasesing

v o v P Y a a

jotay 3 WuduAmauviewardunindmuisudu

fovar 93 Wueians Aeneaituazagsie

5/26



1. anTwAdeIdIuEUEn (Cash Ratio) uyiendsilanmadesiluiuaniismelunis
Frsewilaumuidoulsifa 2.10 uh

2, ﬂ'nummm’lum-:%’uﬁﬁszwﬁmngnﬁﬁmﬁﬂ (Receivables Turnover) umanenasladu
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1.5709usuUszann o Sudl 30 Auseu 2563

v nenaemaluladgsus

Uszsrtaulszant 2563 Rausiudl 1 maneu 2562

- 30 AueBu 2563

teyausznou 98 1

e : AIUUM

FMS 594 daunans vhiuumIneay walusil fafiuuuImg Tsswenuna ana.

wu, | esds | Fewar | wun. | ifieede |Fewaz| evu. [ifieeda| Fewar | elu. [ifeete| Yewar | sUu. [iReete| fewar | auw. waeda | Soway
05U 4,875.16| 4,475.06 91.79( 3,171.17| 3,152.48| 99.41| 141.21| 125.98 89.22| 498.51| 390.30| 78.29| 33.27| 18.39| 55.28| 1,030.99 | 787.90 | 76.42
ERUORT 4,899.92| 4,138.44 84.46| 3,171.17| 2,700.81| 85.17| 139.75| 127.83 91.47| 463.04| 351.11| 75.83| 30.95| 20.93| 67.63| 1,095.00f 937.75| 85.64
wyAaINg 1,476.01| 1,413.84 95.79| 1,077.88| 1,061.10| 98.44| 28.74| 26.71 92.93| 47.03| 4571| 97.20f 8.76] 6.62| 75.59 313.61| 273.69| 87.27
Ldudau Avkuazalaants | 1,476.01 1,413.84 95.79| 1,077.88| 1,061.10| 98.44| 28.74f 26.71 9293| 47.03| 4571] 97.20f 8.76] 6.62] 75.59 31361 273.69| 87.27
uUANLUNS 2,566.91| 2,163.78 84.30( 1,277.57| 1,098.82| 86.01] 107.22] 99.10 92.43| 404.10| 296.19| 73.30| 18.84| 12.00| 63.71 759.19 | 657.66 86.63
LAMBULNMY 265.60 229.81 86.52 97.68 88.06] 90.15 i 1.01 90.22| 31.87| 26.40| 8283 047 035 75.18 13446 | 11398 84.77
2.6l gany 1,207.90 998.92 82.70| 711.41 630.98| 88.69| 22.40| 19.84 88.61| 358.58| 263.26] 73.42| 7.56| 5.33] 70.54 107.95 1251 73.65
.r“i‘\"faq 511.36 463.97 90.73 62.45 59.59| 95.42| 80.09] 74.95 93.58] 71.97 293] 3681 260 1.06| 40.89 358.26 | 325.43 90.84
Q.Fiwmﬁ“l‘sm“lﬂﬂﬂ 173.58 147.01 84.69 105.81 91.76] 86.72 3.62 3.30 91.27 5.67 3.60] 63.44] 8.21] 5.25| 64.00 50.27 43.10 85.74

5. 3ugamyusing 90.51 50.26 0.00 90.51 50.26] 55.53 - “ - - - = - = = - -

6.3UgAMUIIBTINUNGIN BN 209.72 178.19 8497| 209.72| 178.19| 84.97 - - - S - - - = - - = -
7.5ty 108.24 95.63 88.34 0.00 0.00 - - = - - - S - - - 108.24 95.63 88.34
Wamu 809.50 525.04 64.86| T775.72| 509.52| 65.68 2.79 1.71 61.03| 10.92 8.46 | T77.51] 2.86| 2.31| 80.85 17.21 3.04 17.67
l_ﬁjﬁmﬁ 438.52 347.67 79.28] 43260 34501} 79.75 2.29 161 70031 277 0.72 2587 086 0.33] 3860 = < 0.00
2.07M15/Asnpai v/ Uy 366.42 176.92 48.28| 343.12| 164.51| 47.94 0.00 0.00 0.00 8.15 7.74] 95.08| 2.00| 1.98] 9896 13.16 2.69 20.48

3 duninglaitison 0.50 0.10 0.00 0.00 0.00 0.50 0.10 19.69 - - " - - - - = -
4yuianyAaINSLsNeUIa 4.05 0.35 8.57 - - - - - - - = E o - . 4.05 0.35 8.57
uswdwdu 47.50 35.79 75.34 40.00 31.36| 78.40 1.00 0.32 0.00 1.00 0.74| 74.44| 0.50( 0.00 0.00 5.00 3.36 67.25
1. Gudrsasialy 47.50 35.79 75.34 40.00 31.36] 78.40 1.00 0.32 31.80] 1.00 0.74| 74.44| 050 - 0.00 5.00 3.36 67.25
ﬂr‘x’ugq(ﬁ'\)nfhﬂuﬁw (24.76)| 336.62| (1,359.46) 0.00| 451.67| 0.00| 1.46] (1.85) (126.70)] 35.47| 39.19| 110.49| 232 (2.54)| (109.60)] (64.01)] (149.85)| 234.11
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354,163,142.36 354,163,142.36
4,591,982.35 4,591,982.35
955,150,182.92 955,150,182.92
92,114,281.66 92,114,281.66
14,513,550.85 14,513,550.85
101,354,292.07 101,354,292.07
125,981,957.26 125,981,957.26
418,435,597.88 418,435,597.88
18,163,766.99 18,163,766.99
787,898,187.68 787,898,187.68
4,603,569,942.02 3,253,090,432.21 1,350,479,509.81

915,066,841.22
41,295,379.61
101,036,953.28
88,080,750.08
636,561,936.16
70,595,180.13
90,760,698.33
296,473,001.93
5,853,246.70
404,695,625.33
2,160,853.67

124,544,622.65
380,686,252.34
21,346,571.97
1,070,293,988.92

915,066,841.22
41,295,379.61
101,036,953.28
88,080,750.08
636,561,936.16
70,595,180.13
90,760,698.33
296,473,001.93
5,853,246.70
404,695,625.33
2,160,853.67

124,544,622.65
380,686,252.34
21,346,571.97
1,070,293,988.92

4,249,451,902.32

2,652,580,466.44

1,596,871,435.88

354,118,039.70

600,509,965.77

(246,391,926.07)

7.69

18.46

(18.24)
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1,350,479,509.81 125,981,957.26 418,435,597.88 18,163,766.99 787,898,187.68
1,350,479,509.81  125,981,957.26 418,435,597.88  18,163,766.99 787,898,187.68
274,763,188.64 22,481,754.75 252,281,433.89
52,666,379.86 - 46,606,321.26 6,060,058.60
31,493,361.20 1,506,150.82 8,057,396.84 517,794.50 21,412,019.04
163,483,981.17 972,326.60 48,152,884.69 374,032.73 113,984,737.15
359,350,693.34 18,585,221.42 256,576,546.31 4,683,539.09 79,505,386,
341,328,240.48 10,204,235.21 4,302,961.02 1,386,754.45 325,434,2896
56,946,091.85 2,842,381.75 5,978,992.25 5,020,822.72 43,103,889.13
157,306,712.02 4,179,703.08 11,011,149.97 3,170,594.70 138,945,264.27
98,288,100.34 2,528,156.04 132,975.18 95,626,969.12
61,244,686.98 61,244,686.98
1,596,871,435.88  124,544,622.65 380,686,252.34  21,346,571.97  1,070,293,988.92
(246,391,926.07) 1,437,334.61 37,749,345.54 (3,182,804.98)  (282,395,801.24)
(18.24) 1.14 9.02 (17.52) (35.84)
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641,907.75
994,978,096.12
690,000,000.00
311,027,747.46

dunang

825,383,533.81
690,000,000.00
217,314,441.85
320,621,368.81

WUBIENND

641,907.75
169,594,562.31

93,713,305.61

82,504,379.80 1,339,131.90 81,165,247.90
15,523,178.98 12,569,796.39 2,953,382.59
81,539,035.23 9,152,659.58 72,386,375.65
2,176,214,345.34 2,076,380,932.34 420,454,781.81
30,162,904.52 24,989,206.87 5,173,697.65

1,363,664,122.04

2,980,075,763.83 -

10,571,883.21 10,571,883.21 -
6,487,963,261.07 3,608,641,874.19 2,879,321,386.88
312,295,780.80 194,741,306.80 117,554,474.00
321,619,180.67 134,912,165.47 186,707,015.20
16,345,375.79 3,813,469.69 12,531,906.10
1,102,814,349.39 812,284,795.33 290,529,554.06
18,266,187.03 9,070,919.93 9,195,267.10

2,426,092.38 2,426,092.38 =
109,229,218.38 36,061,819.73 73,167,398.65
40,762,185.85 4,273,492.54 36,488,693.31
653,959.50 48,059.50 605,900.00
32,120,179.77 7,826,710.51 24,293,469.26
8,485,230,558.36 9,193,401,682.02 3,635,568,762.21
10,661,444,903.70 11,269,782,614.36 4,056,023,544.02
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505,364,081.54

295,557,832.00

dunan

365,441,645.18

253,251,497.50

WA IUND

139,922,436.36
320,621,368.81
42,306,334.50

800,921,913.54

618,693,142.68

502,850,139.67

97,227,981.29

95,565,688.80

1,363,664,122.04
1,662,292.49

290,540,510.95 155,849,314.93 134,691,196.02
387,768,492.24 251,415,003.73 1,500,017,610.55
1,188,690,405.78 870,108,146.41 2,002,867,750.22
207,679,875.99 207,679,875.99
514,848,283.06 514,848,283.06 3
- 2,980,075,763.83
545,765,236.35 545,765,236.35 =
26,893,548.67 26,893,548.67 =
1,305,425.71 1,305,425.71 -
7,822,144,088.44 8,502,672,132.40 (680,528,043.96)

354,118,039.70

600,509,965.77

(246,391,926.07)

9,472,754,497.92

10,399,674,467.95

2,053,155,793.80

10,661,444,903.70

11,269,782,614.36

4,056,023,544.02
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641,907.75 77,880.75 50,648.00 513,379.00
169,594,562.31 10,376,717.61 129,458,694.03 8,774,381.80 20,984,768.87
93,713,305.61 2,230,249.91 948,997.75 1,554,876.51 88,979,181.44
81,165,247.90 9,114,730.05 1,228,500.00 11,862.09 70,810,155.76

2.953,382.59 2,686,857.35 96,061.30 170,463.94 -
72,386,375.65 5292595 20,846,613.98 94,694.32 51,392,141.40
420,454,781.81 24,539,361.62 152,578,867.06 10,656,926.66 232,679,626.47

5. 1TR,69T:65 4,739,150.46 147,474.49 287,072.70 -
2,879,321,386.88 23,877,877.79 82,341,614.16 57,089,095.35 2,716,012,799.58
117,554,474.00 - 3,263,500.00 - 114,290,974.00
186,707,015.20 48,222.06 14,351,057.43 3.00 172,307,732.71
12,531,906.10 2,660,906.10 & - 9,871,000.00
290,529,554.06 6,505,360.58 47,403,213.77 2,918,604.61 233,702,375.10

9,195,267.10 7,177,017.10 2,018,250.00 - -
73,167,398.65 13,958.05 30,859,597.73 981,281.02 41,312,561.85
36,488,693.31 46,767.75 1.00 2.00 36,441,922.56
605,900.00 = 2,000.00 6,400.00 597,500.00
24,293,469.26 148,199.56 - z 24,145,269.70
3,635,568,762.21 45,217,459.45 180,386,708.58 61,282,458.68 3,348,682,135.50
4,056,023,544.02 69,756,821.07 332,965,575.64 71,939,385.34 3,581,361,761.97
139,922,436.36 7,684,494.38 4,837,980.61 710,942.56 126,689,018.81
320,621,368.81 74,870.74 6,517,772.57 2,978,078.67 311,050,646.83
42,306,334.50 1,000,024.30 25,854,026.19 1,627,086.47 13,825,197.5¢
502,850,139.67 8,759,389.42 37,209,779.37 5,316,107.70 451,564,863.18
1,363,664,122.04 22,425,794.43 13,957,807.14 1,327,280,520.47
1,662,292.49 140,219.00 122,402.00 803,529.49 596,142.00
134,691,196.02 13,958.05 30,859,597.73 1,157,725.23 102,659,915.01
1,500,017,610.55 22,579,971.48 30,981,999.73 15,919,061.86 1,430,536,577.48

2,002,867,750.22

31,339,360.90

68,191,779.10

21,235,169.56

1,882,101,440.66

2,980,075,763.83
(680,528,043.96)
(246,391,926.07)

35,254,182.30
1,725,943.26
1,437,334.61

131,121,162.10
95,903,288.90
37,749,345.54

71,062,140.10
(17,175,119.34)
(3,182,804.98)

2,742,638,279.33
(760,982,156.78)
(282,395,801.24}

2,053,155,793.80

38,417,460.17

264,773,796.54

50,704,215.78

1,699,260,321.31

4,056,023,544.02

69,756,821.07

332,965,575.64

71,939,385.34

3,581,361,761.97
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318115 Rude/ 29UNTNE Usedn némuﬁfmqﬁﬁa 59U
NSEIETI8TY

nowmuinWlidiaveuin 7,000.00 301,141,487.64 13,866.58 7,088,179.23 308,250,533.45
ﬂm-.qu]an'ﬁﬁnm(ﬁmmuﬁmnﬁ) # 70,050,?79.28 5 183,195,692.21 a 253_,246,471,49
newuatUAYUMSITE | 13921856675 ; 110,087,156.79 |  249,305,723.54
noIUALN 1M 3 120310,827.59 | : 51,89,959.13 |  171,800,786.72
neIUATUAYUMSANYI NG -  72,388,229.43 - 51,961,583.09 124,309,812.52
nemuiensianindnw | T = 16,045,931.60 11,697,833.64 91,204449.15 |  118,948,214.39
nDIMUANTTNER L : 14,174,805.03 =z | 44,036,293.50 88,211,098.53
noUTANSI u 17,450,315.41 - 6695921960 |  84,409,53501 |
newuanasgh ; 11,996,510.90 - 40,008,451.63 | 52,004,962.53
nBMUAMRIANYT 1A, ; 1,039,277.96 671,019.08 2540384973 | 27,114,147.17
nosuuTanssudmadied 2 10,057,269.86 5 ~10,000,000.00 20,057,269.86
nowWuANIndes WA, = 267203140 | P 7,964,065.10 10,636,096.50
yusevesiisedn wma, T =  5,184,886.06 9 ; ~ 5,184,886.06
nomumeimamans - B 636,789.06 626,106.14 54793288 1,810,828.08
naqﬂuéuwwu LUNE. B ) F - 53,167.96 53,167.96
T 7,000.00 812,367,707.97 13,008,825.84 690,000,000.00 1,515,383,533.81
WeATUANDIIUIUEUT I 0.00% 53.61% 0.86% 45.53% 100.00%
ansmaniUelasysean 0.125-1 0.45-1.4 1.00-1.5

winlusil . 129,458,694.03 . - 129,458,694.03
e uve. 80896173 | 20,689,186.14 s B 21,498,147 87
vhdu wma 77,880.75 1037671761 | y 10,454,598.36 |
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