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Presently, many countries have problems about plant salt stress due to drought and deposition
of sea salt in agricultural land. Salt stress negatively affects plant growth and production. In this research,
CaSiO; was applied to tomato plants growing under salt stress at 50 mM NaCl. The results showed that
adding 1.25 mM CaSiOs can provide the higher chlorophyll contents, relative water contents and weight
compared with those grown without 1.25 mM CaSiOs. Gene expression of HAKS, APPR2- like gene and
SOS2 were analyzed from tomato leaves under salt stress at 50 mM NaCl with and without 1.25 mM
CaSiO;. It was found that 1.25 mM CaSiOs-treated plants under salt stress had the level of HAKS
expression were significantly higher than those plants without 1.25 mM CaSiO; in the fourth week.
Moreover, the 1.25 mM CaSiO;—treated plants also had the level of APPR2- like gene expression were
significantly higher than those plants without 1.25 mM CaSiO; in the the second week. On the other
hand, the expression levels of SOS2 cannot be detected in salt stress plants supplemented with and
without 1.25 mM CaSiOj; in the whole period. According to the experimental results, 1.25 mM CaSiOs—
supplemented salinity plant had physiological and salt-responed gene expression more potential than
those without 1.25 mM CaSiOs;. Also, the 1.25 mM CaSiOs—supplemented salinity plant tends to have

physiological indices and gene expression most similar to the control plants until the fourth week.
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CaSiO; 1.25 mM fuurldugieliauusliaine
fiusumeaslsilad Usuahduing wazdimin
wnnIfuitlallasu Casio; 1.25 mM iediased
N1TLENIDONUBIEU HAKS APPR2-like gene uwag
s0s2 nluvesusdomaiegluannzinioainie
fiarnududu 50 mM wudrduuzdemanlasy
CaSiO; 1.25 mM Un15uanioenve9du HAKS
innduiilallésu Casio, 1.25mM egraditeddy
N19adRludUA MY 4 wasiinisuanseenvesdu
APPR2-like gene wnnnindiudilalléisu Casio, 1.25 mM
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fiuseloviinofialusmeine wu Yedunsaiaduls
Wiunandn ssmAsLeeavesiiviiieagluanioy
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ﬁayﬂugﬂwumiﬂizﬂau K,SiO5 ha g Na,SiOs
ANUNTAUTTINANLATEAYDINTAINEN I AULALLA
FlvRasaiulnlaaty Susunamaslsiladuay
uelsfusedifisduidoioudisuiuduauauiilals
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14iA30s Fluorescence Monitoring System
(FMS-1) (Hansatech Instruments Ltd., Norfolk, UK)
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FIUVBITTUURAT A0S (20g) VinTaelFuasun?
dwumsinA1Ussaniamnsyinnuggnvessruy
waafides (F/F., = (FFo) / Fy: maximam efficiency
of PSIl Photochemistry) vinlaeifiusiuszdomelliogly
Fsladunan 30 wiineunsin nRives Willits and
Peet (2001)
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Table 1 List of primers used in this experiment

3Lﬂi'wﬁmmamaan%mﬁuﬁﬂauaua\‘iﬁiam’mlﬁu

anm RNA 9 nluuglIomaAn 1uisveq
Carey et al. (1995) ua&uAT1E cDNA Aleitaulel
Superscript Il RT (Vivantis, Malaysia) kag35s11
Affovanoules ntuliasiginisuansoonvosiu
AauALlA Reverse Transcription Polymerase Chain
Reaction (RT-PCR analysis) 3s8ufiawla loun HAKS
(Huertas et al., 2013) SOS2 (Huertas et al., 2012)
way APRR2-like gene (Pan et al., 2013) uanmm’f
148U Elongation Factor 1-Alpha (ELF) 9031\ 0oL
(GenBank accession no. X14449) LﬂuguMU@m
(Internal control) (Table 1) tieRiAs1evian Relative
gene expression kagan1Elun1svUAsen (Table
2) AMuaUSIIUNTLERIEBNYBEUUY Agarose gel

AelUsunsa Image J 11957 1.52n

Primer name

Primer Sequences (5'to 3')

ELF F

ELF R

HAK5 F

HAK5 R

S0S2 F

5052 R
APRR2-like gene F
APRR2-like gene R

ACCTTT GCT GAA TAC CCT CCATIG
CAC ACT TCACTT CCC CTT CTT CTG
GTA TGA TGT GAC CGT GTT ACG
TCA GAT CCT GTG ATG CAA AGG
CTG CTT AGG ACA AGG ACT CG

GGT ATA GTG TGT GTA ACT GC

GGC GGA TGA GGT GAT TGA TA

ACG GGA GTC GTT GAT TTG TG
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Table 2 RT-PCR condition
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Step Temperature (°C) Time Cycles
ELF APRR2 S0s2 HAK5 ELF  APRRZ2 \ike gene,
like gene S0OS2, HAK5
Initial denaturation 95 95 95 95 3 min 1 1
Denaturation 95 95 95 95 30s 40 35
Annealing 52 58.3 50 52 30s 40 35
Elongation 72 72 72 72 1 min 40 35
Extension 72 72 72 72 5 min 1 1
Winseideya uiTenounadanuian1sl¥ Nacl 50 mM +

INUHNUNITINAADILUYU Randomized
Complete Block Design (RCBD) waz3tAs1ziniA1u
ﬂmmﬂ?{ammmmﬁa (Standard error of mean, SEM)
WagIATIERATULUTUTINYEITBY AR Y Analysis of
variance (ANOVA) Laz35v83auLAL (Duncan’s Multiple
Range Test) palusunss SPSS

NaN15I8kazINTl

Annzivinusaingaaslsiaanuinalu

v = A = A av vo
muu%L%aLmﬂmagiuaﬂ’]'ﬂ%Lﬂﬁﬁ]@Lﬂa@VlbLﬂﬁ'U

CaSiO; 1.25 mM HUunuaaslsilaguinnitduieg
Tuangimseanaenlidlasu CasSio; 1.25 mM s
dUn9iNl 4 DedUain 6 uenaniiduiurdanain

N13LAY CaSios 1.25 mM Tafuduugiemanaglu

a

an1zund anunsadninlvienanusunumaslsilad

o w

wnnIuAIUANBE ATy E Aty

o

Tagngludunn

a

7i 4 (Figure 1A) dwiudunegluaniiziaseanie
Flalléisu Casio, 1.25 mM flusununaslsiladies
ﬁqm&gm@ié’ﬂmﬁﬁ 4 Huguly mnnsvaaesinuin
sl Casio, 1.25 mM aunsatelidunzidomai
aglugnneinlandonduundnisdunsienuiunu

AaslsfladlalnalAsafusuaiuny Jeaonnassiu
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K,Si05 50 mg /L Aududalie danalilusuia
aaolsfladiintulndiAostuduauey Tuvmedidu
Far3efilasu Nacl 50 mM agraifienfiusuna
naslsiladanaseesiltuddyilewieuiuduniuny
(Soundararajan et al., 2013) mﬂmamimaaﬂﬂq?g
11 CaSiO; 1.25 mM Hrensedulvifiafiegluaniaz
Undfinsdanssinaslsiladifintu wazawnsatie
ussmAuEemevesnaslsiladlufiniiloagly
annziAsunnde Jendnefunisiia Casio, inu
Wadu 1.0 o/L 1A udundae ‘Maca’ Mwnziaes
Tuemamzidonidedefivluaniisdnd dwald
Tundaefivsunanaelsiladuinninduiililadu
CaSiO; (Asmar et al., 2013)

YSunanihdunnsluiiagelu

Aunzilamanagluaniiziauanfenii

9

Tasunaglilasu Casios; 1.25 mM TuSunuundusing

a

=

Tufeidelulndidssfunasanisnaass uandud
Uninahduimsludedelutesninduiiogluanioe
Unf (Figure 1B) Mluiduilonaiinanardnduos
iluduildesiienauiiaanudy Sewildinnis
@Wj’ﬂ/}’l\‘li’lﬂﬁ:}&mi:ﬁU’Juﬂ’li@aﬁINaﬂLﬁ@"ﬁuEJ’m

(Hasanuzzaman et al, 2013) Wuiivnauloinduilssu
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CaSio; 1.25mM TugngunAtuil Usuruirduims
Tuiledelusnniiganasnnisnnass 6 dUnnsi

AUTEANEAINNTTUATIEVLENEIHAVDITEUULAS
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FJ/F., vosii fio adildfasizinnueieon
19NlngTnaInAINISISosuasUnInanlsilad
Tusguy Photosystem Il Fsfivdrulngidosglu
anzUndaziian F/F, ogil 0.83 wioaglutas
0.79-0.85 w1n F./F,, fidns1n31 0.79 wangIiyeg
Tugn1izia3en 1esannilinsyurunisdudanis
FaLAT129Las (Photoinhibition) Andy (Maxwell
and Johnson, 2000) mﬂmamimaaqwudﬂé}’uﬁaq
Tuaniazeadeaindedilulasu Casio, 1.25 mM
fiAedevee F/F, maﬁqﬂmaaﬂmimaaq W baldl
AULANAIDE N TTYEAY N1SER AT UAUNZ I T LA
foglunssudsdug vnifuduaiuauluduania 2
AMSUFUAT 4 BedUn%T 6 nudnen F/F, 909
uRaznITNIs WAuuanA1s ueg1elided Ay e
afid wazdldneglutig 0.79-0.85 Gefioinnszuiuns
dunsnzinasiudinvealjisernasinisviney
Juuni wagiluiidsnaidunzidomaiegly
annueSenndeiilasu Casio, 1.25 mM den F/F,,
Tndan 0.83 Fafudrunfvesnisdanasigiuas

mﬂﬁEjﬂ (Figure 1C)

AUsEATSMNMIE Rz RLEwRsszUUTidas (2ps)

og WuAIAEIIASIZR AT AT R LA
Tusguu Photosystem Il lunnsauanediannsou
wnedlnnuansifiedanuannsalunsuuas
waziUasuudanfundinuwed Wevusedidnnsou
lunszviunisdansizdinadlas uaegrelsiniuan

AMULTUTUVDY NaCl A9NanonISAIASIERwaEI LUy

wRaztaLANA19AUA28 (Demetriou et al., 2007)
I1NNITNABDINUIIAT Bogy VEIFUANT 2 lA
TndiAssiuannlunnnssads udaziFudanuunnsig
fudloiihddunid 4 duiegluaniiziaiuninded
165U CaSiOs 1.25 mM fAade opg mmdwé\’u*ﬁ'aq
TugnmzeSonndeiililléizu Casio, 1.25 mM dmsu
Fuiilasu Casio, 1.25 mM luan1izUn@fianade
Brs) ﬁaaﬁqm (Figure 1D) yl¥ms1UIN5IH CaSio;,
1.25 mM unduuzideinaiiegluaniiziaioa
wnasaunsagrelidunzildomal use@nsaan

N5 HWATIZNLAI L UFIUVDITEUULEINEDINUY

Uunashvdnanuaziminudsussdunazsniiy
ﬁumL%Lwﬂﬁagiuamwm‘%mLﬂﬁaﬁlﬁ%’u
CaSiO5 1.25 mM fiiadvesiminanuayiin
WA UDIAULAL TN mmdwé’uﬁaeﬂuamazm‘%am
wndoualdlasu Casio, 1.25mM Fauraziinan
Fanouilnuaudivinlisinfivile dulszansnnseeu
Thidusnufiuanndy fafusnfisdsanusagai
Wrddrdulauinnitund drutnanvesduiiads
RTT (Wang et al., 2015) waguragidunisyioan
AT UYDIUSHI Nat TuAudisasniy d1nsu
FuTilEZu CaSio, 1.25 mM aehaiiien Siduedeimiin
mmdwﬁ%ﬁayﬂuﬁw%’uﬁuq (Figure 2) @a9nMaD3
funisTi Casio, fifianududu 0.5 uag 2.0 me/L
Aundaelil (Brassavola perrinii) inlindaeldl
wiiulaldRninduilailésu casio, (Soares et al,
2012) LLazﬂé’mﬁ’umﬂﬁu%ﬁﬂauiugu Na,SiOs
dAududu 2.0 mM TrnuAuLaen luannguni
denaldFunnanailasu Na,Sios 2.0 mM daud
20-30 Fu fmdnuiannninduitldlésu NaSio,

o w a

a8 19l d Ay 9ads (Zhou, et al., 2018)
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Figure 1 Physiological effects of salt stress on tomato leaves in the greenhouse within 6 weeks;
chlorophylls (A), relative water contents (B), F./F, (C) and @pg) (D)
Each value is the mean of 15 samples. Error bars are standard error of mean (SEM).

Value with different letters a, b and ¢, are significantly different (P<0.05) within the treatments.
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Figure 2 The effects of salt stress on fresh and dry weight of tomato leaves and roots in the
greenhouse within 6 weeks; shoot fresh weight (A), root fresh weight (B), shoot dry
weight (C) and root dry weight (D)
Each value is the mean of 15 samples. Error bars are standard error of mean (SEM).

Value with different letters a, b and ¢, are significantly different (P<0.05) within the treatments.
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(Nieves-Cordones et al., 2008) Tuuddeanuinly
FUavifl 2 Bu HAKS ﬁmmamaammnﬁqﬂiuﬁu
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deithgduaidl 4 nsuanioenvesdu HAKS ndudl
nansIduAUEUAAR 2 udlileringdunsid 6
nsuanseenuedu HAKS ludulegluaniziaien
indeneiilasunazlllédy casio; 1.25 mM s
wansvaniilndifesiu (Figure 3A) wanainisifiy
CaSiO; 1.25 mM TiAudunzidomadiogluaniie
LASEALNAREINNTATIARFNIZV AL VALTo LT WY
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125 mM CaSiOs bl bafanndnninduiigdeseglu
anzn3eandoiduiaiuiy luvsiiduaiugy
in1suansaandu HAKS TnalAgsiunasnni1snaaes
ﬁaué’fuﬁagﬂuaﬂnwﬂaLLazlé’%’U CaSiO; 1.25 mM
HNILARIDDNYDIBU HAKS ﬁaaﬁqﬂmaaﬂmswmaaq

81 APRR2-like gene Gailuthiintaaru
N15AIUANNIIUINtUNITFLATIERaI SRRl s Ad
wazualsfiussaluuzilowna (Pan et al., 2013)
Tuauideinuifuusdomadiogluaniaseion
nBefilasu CasSio; 1.25 mM finsuanseenvesiy
APRRZ-like gene snnninduiiogluaniiziaioainde
pg1 A ludun19d 2 uendearniudsuna
N1TULANIDBNUDIDU APRR2-like gene anagauil
Usnafesniduiiegluaniiziioaindestiaien
Turazfiduaiuauiiuiuimunisuanseanvesdui

ThdReaiunaenn1smaans wagAuNlASy CaSio,
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1.25 mM TuansUn@nivsununiswandaanvasdy

€

anasandua 2-6 (Figure 3B) enasdululainduiiy

negluanmuessandousseznamnudiun Na+ Tu

. =D

Fuite fUsurauinauludude Pathway vos
NTEUIUNITAUATIZRETE LaZNTZUIUNTAUATIZIN
was Jeinlilunzidawmedidadaninun@ (Hasanuzzaman
etal., 2013) tJudiurdannituanseonaesdu
APRR2-like gene Tudua i 6 SUsunalndiAesiiy
YNNIIUID

fu so0s2 wlaswarlulusiu Calcineurin-
interacting protein kinase @fldaugaelun1s¥nw
aunavosUuna K/Na* feglulalanaraduiile
dornludslei et s0s2 fnsuanseonunni
AN LAAUNTAIUNTONURDANIZLATEANGBLALIN
%1 (Belver et al, 2012) wagdn1sNUINN1Sa188 Y
SOS2 (SOS2 overexpression) HilifuduzIT o
danalvsuuzidameasyiavlanluansiaiesainde
7 NaCl 120 mM Wuszegiian 10 Tu lddAninduuni
(Huertas et al., 2012) Tuuisednuinnisuansean
938y 5052 iRndudntiesludunnii 2 vesiuileg
Tuanmzpsennde wasdudildsu Casio, 1.25 mM
Tuan1izUnd vaziidufiogluaniiziadeninde
ALFFU Casi0s1.25 mM wazduaruAuliinunis
LARDBNYDIBY SOS2 dmiudun19id 4-6 lainunis
wangeanuetdy SOS2 luluusilainaynnssuis
(Figure 3C) #4019uane3n1siinydunm CaSios
Tifudunzilemafiegluaniziaioaindeifuian
wldldaelidunzidomaaiydulaldnity uwii
tanlafe Fuiildsu casio, 1.25 mM Tuanmzuni
fnsiesadvlaunnniiduiieglunssuisdug eehadl
Fed1dyni19add Feaenndosfunisnaaeiild
CaSio; lundqeld wazdwwalindagliiaseyivls
ladndnduaiunuedeldudAynieada (Soares
et al., 2012)
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Figure 3 Relative gene expression of HAK5 (A), APRR2-like gene (B) and SOS2 (C) within 2, 4 and 6 week

Each value is the mean of 5 samples in biological replicate. Error bars are standard error of mean

(SEM). Value with different letters a, b and ¢, are significantly different (P< 0.05) within the treatments.

Data not available (n/a) : some replicate of gene expression is not detected.
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