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ABSTRACT

Salinity and osmotic stresses in the environment affect plant morphology and physiology. Plants uptake
and produce osmoprotectants to maintain osmotic homeostasis as a protective mechanism during stressful
conditions. The objectives of this research were to 1) investigate the effect of salt and osmotic stresses on
proline and betaine content of plant cell models, and 2) investigate the effect of proline and betaine on plant
cell models under salt and osmotic stresses. The plant cell models sized 1x1x1 centimeters (radish, potato,
and carrot) were soaked in various concentrations of NaCl and sucrose ranging from 0-30% (w/v) and subjected
to determine proline and betaine contents every 30 minutes for 180 minutes. The result showed that the
highest proline and betaine contents were observed in radish and followed by potato and carrot. All plant cell
models were soaked in salt and osmotic stresses with 10 mM proline and 10 mM betaine and subjected to
determine fresh weight and volume of the plant cell model every 30 min for 180 min. The results showed that
proline could prolong the morphological alteration of all tested plant cell models under osmotic stress. Under
salt stress, betaine could prolong the morphological alteration of all tested plant cell models. This finding
suggested that proline and betaine are osmoregulators produced by plant cell models under salt and osmotic
stresses, and exogenous application of proline and betaine maintains morphological changes of the plant cell

model under salt and osmotic stresses.

Keywords: Salt stress, Osmotic stress, Plant cell model, Proline, Betaine
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Schuldiner, 1996; Kapper et al., 1996; Waditee et al., 2001; Waditee et al., 2002; Waditee et al., 2005)
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wATN 0% (W/V) 3.12+£0.05 3.14+0.05° 3.09+0.05° 3.12+0.05° 3.08+0.05° 3.08+0.05°

5% (w/v) 3.74+0.10° 3.84+0.05° 5.84+0.15° 5.98+0.25° 6.05+0.25° 6.15+0.25

10%(w/v) 4.08+0.05° 4.29+0.10° 5.95+0.24°  6.25+0.37° 6.32+0.15° 6.42+0.15°

20%(w/v) 3.94+0.05° 3.82+0.15° 539+0.27° 5.42+0.32° 549+0.25" 5.59+0.25°

30%(w/V) 4.03+0.05° 3.92+0.10° 532+0.34° 4.99+0.12° 5.04+0.14° 5.14+0.14°

g 0%(w/v) 5.85+0.227 592+0.22° 5.85+0.22° 5.85+0.22" 5.85+0.22° 6.12+0.22°

5% (wW/v) 5.75+0.24°  6.04+0.20° 7.54+0.25° 7.68+0.27° 7.84+0.27° 7.94+0.27°

10%(w/v) 532+0.22° 6.32+0.22° 8.35+0.25° 8.45+0.41° 8.47+0.30° 8.51+0.30°

20%(w/V) 5.59+0.24°  6.30+0.20° 8.22+0.29° 8.34+0.32° 8.41+0.32° 8.43+0.32°

30%(w/v) 5.01+0.22° 6.08+0.22° 7.53+0.23"  7.64+0.25° 7.73x0.25% 7.70+0.25°

Sun3a 0%(w/v) 4.15£0.25% 4.24+0.20° 4.10£0.20°  3.95+0.25° 4.05+0.20° 4.15+0.20°

5% (w/v) 4.08+0.15° 4.52+0.15® 5.60+0.22° 5.35+0.16° 5.40+0.26° 5.45+0.26

10%(w/v)  3.98+0.20° 4.88+0.18° 6.31+0.35% 6.21+0.21° 6.32+0.21° 6.42+0.21°
20%(wWA)  3.95+0.20°  4.04+0.21° 4.52+0.13®° 4.94+0.25° 4.54+0.25° 4.55+0.25°
30%(w/v)  4.12+40.25°  4.17+0.23°  4.28+0.23° 4.65+0.24%° 5.16+0.25° 5.23+0.25°
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Laloknam et al., 2014; Padan and Schuldiner, 1996; Waditee et al., 2002, Waditee et al., 2005; Raigond et al,,
2020)
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91809 Tfey 0 30 60 120 150 180
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HATAN 0%(w/v) 4.22+0.05° 4.14+0.05° 4.19+£0.05° 4.15+0.05" 4.18+0.05° 4.16+0.05°

5% (w/v) 4.24+0.10°  4.82+0.05° 6.74+0.15°  6.95+0.25° 7.00+0.25°  7.05+0.25°

10%(w/v)  4.18+0.05°  6.29+0.10°  7.25+0.24*  7.35+0.37° 7.22+0.15°  7.23+0.15°

20%(w/v)  3.94+0.05° 4.82+0.15°  519+0.27° 522+0.32° 539+0.25" 5.49+0.25°

30%(w/v)  4.13+0.05° 4.72+0.10° 4.72+0.34°  4.89+0.12° 4.94x0.14° 5.05+0.14°

T 0%(w/v) 7.84+£0.22° 7.95£0.22° 7.93x0.22° 7.92+0.22° 7.84+0.22° 7.62+0.22°

5% (w/v) 7.65+0.24° 7.94+0.20" 8.24+0.25 8.68+0.27° 8.86+0.27° 8.94+0.27°

10%(w/v)  7.72+0.22° 8.26+0.22°  9.45+0.25°  9.55+0.41° 9.60+0.30°  9.65+0.30°

20%(w/v)  7.69+0.24°  7.80+0.20° 8.42+0.29° 854+0.32° 8.61x0.32° 8.65+0.32°

30%(w/v)  7.51£0.22° 7.38+0.22°  7.43+0.23° 7.56+0.25% 7.62+0.25° 7.65+0.25°

Sur3a 0%(w/v) 5.15+0.25% 524+0.20° 5.10£0.20° 5.15+0.25" 5.15+0.20° 5.20+0.20°

5% (w/v) 5.08+0.15° 5.42+0.15° 6.30+0.22°  6.45+0.16° 6.52+0.26° 6.55+0.26"

10%(w/v)  4.98+0.20° 5.88+0.18°  7.31x0.35° 7.41x0.21° 7.45+0.21° 7.52+0.21°

20%(w/v)  4.99+0.20° 554+0219 595+0.13° 6.14+0.25° 6.54+0.25% 6.55+0.25°

30%(wW/A)  5.11+0.25°  5.17+0.23°  528+0.23° 5.65+0.24®° 586+0.25% 5.93+0.25°

MW a, b, ... MdnwsAiureoyaluluiley Mg danuunndved1ailled Ay Meadinseauaueiy
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Flowers et al., 2015; VishnuPriya et al., 2020)

T0%(w/v)Sucrose
5% (w/v)Sucrose
“0-10%(w/v)Sucrose
©-20%(w/v)Sucrose
B30%(w/v)Sucrose

0% (w/v)Sucrose
5% (w/v)Sucrose
©-10%(w/v)Sucrose
“®-20%(w/v)Sucrose
“B-30%(w/v)Sucrose

Proline content (ug/mg protein)
Proline content (ug/mg protein)

2 -+
0 . t . 1 t
0 60 120 180 0 60 120 180
Time (min) Time (min)
(n) ()

10 + -0%(w/v)Sucrose
5%(w/v)Sucrose
“0-10%(w/v)Sucrose
@-20%(w/v)Sucrose
&30%(w/v)Sucrose

Proline content (ug/mg protein)
(=)
I
T T g +— T

0 60 120 180

Time (min)

(m)

299 1 USunadlnsaulusuudnaesasaaie 311U 3 300 n) wAsan @) L way A) STuelS

neldasavarsglasaninuidudusiie Nseesiia 0 - 180 ui¥ (n = 3)

navasanzAseavnaaluAndeUsInudmuluwuudnasugadny
dwvuIasgadaiis 31w 3 9lla liun wasen luwin way Junss Tdluansavareglasaninududy
foraz 0 - 30 Wnewmindauiuing ntuiavsinadvuanuuuiiaessadiiny 30 wnil Wusseziian 180 undl
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WAAIHAAININT 2
A ' ° s v ay s Y A A = A &
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2020; Nagaz et al., 2020; 457 LazAny, 2565)

g 10 + 0% (w/v)Sucrose é 10 + T0%(w/v)Sucrose
?. 5% (w/v)Sucrose a r 5% (w/v)Sucrose
:%: 1 “0-10%(w/v)Sucrose % ’ -: g ; ;; “©-10%(w/v)Sucrose
2 6 *20%(w/)Sucrose = 6 “®-20%(w/v)Sucrose
é il ﬁ #30%(w/v)Sucrose é a4 -: A30%(w/v)Sucrose
S S
g 2+ 2 24
£ 3
g o : : t 2 o0 : : f

0 60 120 180 0 60 120 180

Time (min) Time (min)
(n)
()

10 + 0% (w/v)Sucrose
5% (w/v)Sucrose
©-10%(w/v)Sucrose
@-20%(w/v)Sucrose
B30%(w/v)Sucrose

Betaine content (ug/mg protein)
(=)
:
v r £ —r r

0 60 120 180

Time (min)

(@)

= a = ° & ° a 1) R
AN 2 UiﬂiqﬁuUW]usLULLUUﬁ]ﬁla@QL"’Uaa‘W“ﬁ AU 3 BUA N) WATEN V) VLEUL‘VH LAy M) WU

neldasavareglasaninuidudusiie Nssesina 0 - 180 uiM (n = 3)
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0%(w/v) 10%(w/v)  10%(w/v)
NaCl NaCl NaCl
+Betaine

20%(w/v)
NaCl

+Proline

'
a

NITHY .

05 wladlnsasulnsauwazd

Insasudmuluannizesenan

AN 3 anwazLUUIaRRad bwnagldnziasananndeninsEst Dmukaylnsau

TngtninaaUsung w@sulnsay wag Jwu anududy 10 Jadluans Miian 60 wi (n = 3)

FUALUY 017 dwthan  Usunsiwad 0172 Ywinan Usumsiwag
MGONCGG] (n5%) (cm?) (n3w) (cm?)

LATAN Und 2.05+0.17°  1.15+0.34° Un# 2.02+0.25° 1.25+0.22°
An1zLASEA 1.41+0.11°  0.69+0.23°  @anzAsea 1.52+0.21° 0.72+0.23
A0192LA3UA 1.85£0.21°  1.15+0.23°  @nnazAsen  2.12+0.21° 1.21+0.33°

LEsulwsau GETRSLD,
Tywin Unfi 2.05+0.20°  1.14+0.17° Unf 1.92+0.25° 1.26+0.15°
An1zLASEA 1.75+0.17°  0.75+£0.15°  @anzAsea 1.69+0.20° 0.80+0.20°
A0122LA3UA 1.95£0.20°  1.10+0.20°  @nnzA3en  1.91+0.20° 1.25+0.25°

LEsulnsay Lasu Ty
U3 Un 2.13+0.24°  1.12+0.23° Und 2.10+0.22° 1.15+0.20°
AnNzLASEA 1.86+0.25°  0.91+0.20°  &@n1IZA3EA 1.80+0.20° 0.88+0.22°
A0122LA3UA 1.94+0.15®°  1.08+0.16°  @A1awAssn  2.05+0.15° 1.14+0.22°

esulnsau esudmu
WER: 3, b, ... éf'sé’ﬂwismﬁumaﬁa;&a’luumé?a nueis danuusna1segeiitedgy MR ATsERUANLT0sTY
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arandutugaredu 10 fedluad mnnsAnvidesiusuuasasadlaifimaasuuaniessezingn 60 il il
ATULIAT 60 Wl AnmumsiUasunlaeiuusiaengadaiuiminanuazUsinasuuusiasntad fiet1ves
wuuaeaeadluih dsnmil 4 uay uanmavesuuUSaesitynuiafamai 4

NN 4 uar M3197 4 WU wuuSaeuTaditei 3 wia TauA uasen lowi way s neldannay
\3enanesaluiniviminanuazU3nsanatanannsuniedadivddumeadnfiszsu .05 Welinsiasulnsau

wardmurinlrmhundnuarlSuinsveawuudiaessasiwuiluuminduansund wenaninmsiasulnsauluaniiziasen
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i

0%(w/v) 10%(w/v)  10%(w/v)  20%(w/v)
Sucrose  Sucrose Sucrose Sucrose
+Betaine +Proline

AN 4 dnwaizlkuUIaeasad wnaglanzesenaneedluAnninsEsumularlnsau

M19199 4 nsdsuulamesuudtaeseadivneliansazaneglasannududuiovay 10 lneuminseusuing

WSUINSAY har Uiy ANUNYY 10 fadluans Avaan 60 wrdl (n = 3)

FUALUY 401 dwthan  USunswad 401 Ywinan Usumsiwag
MGONCGG] (n5%) (cm?) (n3w) (cm?)

HATIN Und 2.04+0.17°  1.20+0.34° Und 2.06+0.15 1.22+0.32°
d4n1z1ASEA 151+0.11°  0.86+0.23°  @anzAsea  1.62+0.21° 1.02+0.23°
A0192LA38A 1.85£0.21°  1.15+0.23°  @nnzAsen  2.12+0.21° 1.21+0.33°
LEsulnsay esudmu

lywin Un@ 1.99+0.20°  1.15+0.17° Unf 1.88+0.21° 1.16+0.25°
ARRPIGELRIG 1.65+0.17°  0.84+0.15°  @n12wwAsen  1.64+0.25° 0.82+0.18°
A0122LA38A 1.95£0.22°  1.12+0.18  @n1IZLA3YA 1.88+0.20° 1.15+0.20°
s lnsau Lesudmu

UL Und 2.11£0.25°  1.15+0.23° Und 2.16+0.25° 1.17+0.24°
AnNzLASEA 1.82+0.15°  0.88+0.22°  @nanzAsem  1.84+0.15° 0.98+0.16"
annazAsen  2.09+0.10"  1.12+0.16°  @nndzAsea 2.01+0.15° 1.16+0.21°
GRS RG] esudmu
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yudswazioulviiindnlndunazdmu wu ledulusneuweufinesines (Na® antiporten) saufunisazaunsaesiilusin
Insaud aduaseoalulnsunaunussidanistisanussiusealufinuazannanuaienaininaels (Han et al, 2003;
Hmida-Sayari et al., 2005; Kilani, et al., 2014; Wu et al., 2013; Jungklang, 2018)

#3UNan15Y

1. nmgiiiaruedsannindelufounaslsdiaresalufnvilviluudaeuvaduasen lovh uay Sudfadn
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v
UVBLe UDLUS
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(peroxidase) wAviad (catalase) way gineasoanludfaiwna (super oxide dismutase)
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