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The effect of salinity stress on secondary metabolites and growth behavior
of artichoke in vitro conditions
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Abstract

Artichoke (Cynara scolymus) is a medicinal plant with nutritional and economic value that faces a large
area of water-scarce and saline soils. The present research was conducted through two separate
experiments in a completely randomized design to investigate the effect of salinity on the growth and
secondary metabolites of this plant. The experiment was carried out in two forms: Culturing explants in
solid MS medium with concentrations of (0, 50, 150, 300, 600, and 1200 uM NaCl) and culturing callus in a
similar medium with concentrations of (0, 50, 150, 300, 600, 1200, 2000, 4000, 6000, and 75000 UM NacCl).
After four weeks, physiological and biochemical characteristics were investigated. The results indicated a
decreasing trend in internal pigments with increasing salinity concentration. It was also observed that in
explant cultures, the fresh weight of callus decreased with increasing salinity (the highest fresh weight was
observed in the control and the lowest at the 1200 uM salinity level) while in callus culture, the highest fresh
weight was observed at 75000 uM salinity level. At all salinity levels, the pigment density in explant cultures
was higher than in callus cultures. Examination of changes in phenolic compounds and antioxidant activity
showed that, unlike in explant culture, in callus culture, there was a significant difference in the percentage
of free radical inhibition, chlorogenic acid, and caffeic acid (the highest values of these compounds were

observed in 150 pM, control, and 2000 pM treatments, respectively).
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Figure 1. (A) Blank; (B) Callus grown in 50 pM NaCl medium; (C) Callus grown in 150 pM NaCl
medium; (D) Callus grown in 300 pM NaCl medium; (E) Callus grown in 600 pM NaCl medium; (F)
Callus grown in 1200 pM NaCl medium.
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Figure 2. (G) Callus grown in 2000 pM NaCl medium; (H) Callus grown in 4000 pM NaCl medium; (I) Callus grown
in 6000 pM NaCl medium; (J) Callus grown in 75000 pM NaCl medium;
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Table 1. Comparison of morphological characteristics of artichoke callus under salt treatment in both

cultivation methods

L ooyl dl Yl S, o CulS (g,
Callus Growth Callus Tissue Callus Color Treatment Cultivation method
2 1 G Blankuals
2 1 G,Y/W 50
2 1 G1Y/B, 150
2 1 Y/IB,IG, 300
2 2 Gy/BoIV 600 oS
3 2 G.Y/B; 1200 Callus
2 0 G.Y/B; 2000
2 0 B,B/G, 4000
3 1 B/B,/GY 6000
3 0 B/G,Y/W 750000
2 1 G1/GY Blankals
2 1 G1/Y/B2 50
1 1 G1/GY/B2 150 S
1 1 G1/B2 300 Explant
1 1 GY/B2 600
1 1 GY/W/B2 1200

CulS gy 9 §re o pil o (8,505 wellS SLaailasS ) polie g guudy Oy il ylg 41355 Y Jgu
Table 2. Variance analysis of growth changes and the amounts of artichoke callus pigments under the

influence of salinity treatment and cultivation method

5ok 5955 JS o ls by S adds Ol yedd b
wet weight Carotenoid Total chlorophyll Chlorophyll b Chlorophyll a Sources of changes
23.05" 70,000 0.021°** 0.044*"* 0011 S o
Cultivation method
"*0.389 "$0.000 "$0.001 "0.002 "$0.001 df"z
Saltiness
o9 XS b
"1.31 "$0.000 "0.000 "0.001 "0.000 Cultivation method x
Salinity
s
0.53 0.0002 0.0006 0.001 0.0004
Error

S me i ™ (P<0.001) ***
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Table 3. Comparison of average growth changes and artichoke callus pigment values under the influence
of salinity levels

7039 N S Jdg,ls bady 5 adedy IS5 S 9
wet weight Carotenoid Total chlorophyll Chlorophyll b Chlorophyll a Salinity
a2.105 a0.032 a0.053 a0.076 20.037 Blank sals
a2.118 a0.026 a 0.047 a0.069 a0.034 50
a2.012 a0.030 a0.051 a0.074 a0.036 150
a1l.765 a0.033 a0.058 a0.085 a 0.042 300
a1l.691 a0.018 a0.031 a0.044 a0.019 600
al49 a0.017 a0.033 a 0.047 a0.021 1200
ns ns ns ns ns P-Value
0.871 0.017 0.037 0.053 0.026 LSD5%

)05 (g b ixe glds S yiidie By (gl)b lael gt 2 yd b dxe pe =NS

S 90 )0 (K98, (a5 GLdilasS ) yolio g (gl ) Ol (paRilae dny o F Jgu
Table 4. Comparison of average growth changes and the amounts of artichoke callus pigments in both

cultures
P ol Mg )8 JS udg S buadg 45 adsdg S CullS (g,
wet weight Carotenoid Total chlorophyll Chlorophyll b Chlorophyll a Cultivation method
b 1.063 a0.022 b 0.022 b 0.031 b0.014 _‘)“’9?[; =
Cultivation of callus
a2.664 20.029 20.069 20.101 2.0.049 gl 2y Sl
Cultivation of explants
0.000 ns 0.000 0.000 0.000 P-Value
0.503 0.0098 0.021 0.03 0.015 LSD5%

(S 2575 ot Jlite 31 56 i (K535 (glls SIS 510lin 3 50y e (oo dnllin -0 Jgor
Table 5- Comparison of average growth changes and artichoke callus pigment values under the influence
of the mutual effect of salinity levels

PO g, S5 udg 5 badg 5 auds NS Sogw culti ":”
wet weight Carotenoid Total chlorophyll Chlorophyll b Chlorophyll a Salinity l:n;tvhao:jon
®0.876 20.026 0.020 ©0.028 50.01 Blank sl
0.99 20.016 0.012 0.017 ©0.007 50
0.96 20.026 0.025 0.037 0.017 150 sl
21.02 20.029 20.033 20.049 ©0.024 300 call
b0.973 20,018 50.015 50,022 50,011 600 aflus
21.54 20.0188 0.020 ©0.029 0.014 1200
©0.876 20.026 0.020 0.028 ©0.01 Blank sl
23.24 20.035 20.082 20.119 20.059 50
23.06 20.033 20.076 20.111 20.055 150 wigedj)
22.50 20.037 20.083 20.121 20.060 300 Explant
2241 20.016 20.045 ©0.064 20.028 600
21.43 20.016 20.044 0.063 20.028 1200
ns ns ns ns ns P-Value
1.23 0.024 0.053 0.075 0.037 LSDsg,
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Table 6- Comparison of average growth changes and density of internal callus pigments under the influence of salinity in both cultivation

methods
Sop MK 05 ik b iy ki ot o
wet weight Carotenoid Total chlorophyll Chlorophyll b Chlorophyll a Salinity C::;a:;on

+IAVYEC «[+Yfa +[+Yyab -/-Yabc +/+\bc Blankaals

V/\Ybe +/+\obc +/+\obed +/+¥Ybcd +/++0bc 50
-[3%Ybc +/-YYab -/+-y#ab +/-Y%ab -/+\#ab 150
V/+¥Ybe ./-Ya +[+YYa -/-0a [-Yfa 300
-/avybe -/-yabc +/+\Ybed +/+¥Ybcd «[+\Ybc 600
V/osvab -/+yabc -/+yabc -/+Yabc «[+\Ybc 1200 olls
V/ovab <[\ of+e¥d «/+\dc o[+sYC 2000 Callus
V/AYa +/+\Ybc of+¥d +/+\Ydc o[esYC 4000
V/¥vabc «[+Ne +/++VYcd ofeo5d [+sYC 6000

\/AYa -/-\c ofevd o/+-xd +[+eYC 750000

ofeeq A e A ey P-value

<[OvY VRN R4 o[+XY oY LSD5%

Y/¥va +/+YAa +/+A¥a <\YYa +[+5Ya Blanksals

Y/v¥a «[+Yda YN ARLE:! -/-da 50

Y/-5a +[+YYa -/-Yfa ARAY:! -/-00a 150

Y/b-ab +/-YVva +/-AYa ANAT ./-5-a 300 el
Y/¥\ab <[\ -/-¥oa -/-5¥a ./+Yva 600 Explant
V/¥Yb +[+\fa +/+¥¥a +[5Ya «[+YAa 1200

ns ns ns ns ns P-value
e R S MR 0.059 LSD5%
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Table 7. Variance analysis of changes in some chemical compounds of artichoke callus under the
influence of salinity and cultivation method

Sels Sy lS DPPHI}1 JIS3 e Aoy S gislls S o
ST (mg/g)Js Olyss golie
(mg/g) (mg/g) Percentage of free radical inhibition (mg/g) £ ch
. . DPPH . Total Sources of changes
Caffeic Chlorogenic Total flavonoids
phenol
0.563%+ 1.11* 679.03%* "0,095 "0,054 S o)
Cultivation method
"$0.003 0.566* "$45.36 "50.178 "50.196 ‘5?9'5
Saltiness
o XIS by
"0.002 0.555* 192,56 "0.571 "0.175 Cultivation method x
salinity
0.002 0.215 45.72 0.294 0.170 s
Error

S5 e I ™(p<0.05) * (p<0.01) ** (p<0.001) ***

Gog pl Cod (558,505 wallS (2l Ol 5 51 (B Ol o Ol (12 0lo s lio LA g
Table 8- Comparison of Average changes in some chemical compounds of artichoke callus under the
influence of salinity

(mglg) S8l (Mlg) Seizg IS DPPHI}T JIS63l; e oo (Malg) JS ssgigle  (Malg) s Jb pes
Caffeic Chlorogenic Percentage of free radical inhibition DPPH  Total flavonoids Total phenol Salinity
20.45 21.36 a78.44 20.87 21.093 Blanksals
20.40 1.19 274.42 20.50 20.66 50
20.40 1.23 271.15 20.98 20.65 150
2041 0.91 278.49 20.67 20.77 300
20.40 21.84 275.40 20.74 20.95 600
20.40 1.2 276.01 20.61 20.67 1200
ns 0.04 ns ns ns P-Value
0.05 0.55 8.05 0.64 0.49 LSDsy

D)8 gy ime glas S e gy (sl dlasl gt o )3 Ly xe ,£=NS
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Table 9- Comparison of the average changes in the amount of some chemical compounds of artichoke callus in
explant and callus culture

Sls DPPHIj1 J63), jlge by . , A
(malg) (Mg0) Sizs,l5 Percent; ;J of"fr)eéb::aadiceﬁ (mgfo) J5 25515 (mafa) s = S b
c fig Chlorogenic inhigition DPPH Total flavonoids Total phenol Cultivation method
affeic
®0.288 21.484 280 20.783 20.843 _‘J"’%ls =
Cultivation of callus
20,539 v1.132 b71.314 20.681 20.766 g 2y S
Cultivation of explants
0.000 0.03 0.001 ns ns P-Value
0.03 0.319 4.65 0.373 0.284 LSDsg,

2,05 gyl pixe glas S e Bgy (ghld dlasl g o )> ld gime s =NS

Tobw Jlio 1 13l Coni (K58 508 wgllS' (2 looands LS 5 51 (B 32 Ol o Ol pad (12S5ko s ilo Ve Jgux

S
Table 10. Comparison of the average changes in the amount of some chemical compounds of artichoke
callus under the influence of the mutual effect of salinity levels

AT JS63l) slee o> JS wsgisls

(Mg/g) Sl ’ DPPH Mmglg)  (MEQ)JS g5 s S o
Caffeic (Mg/g) Percentage of free Total phenol Salinit Cultivation
Chlorogenic  radical inhibition ~__Total P Y method
DPPH flavonoids
b0.36 22,07 280.33 2130 21.40 aals
Blank
ab g 57 b1.48 275.33 0.50 b0.57 50
ab (27 21,40 ag3 b0.54 b0.68 150 o
ab o9 v0.73 281.33 21.003 20.94 300 Callus
ab 26 21.89 280.33 20.79 20.84 600
ab () o 2131 279,66 b0.55 b0.59 1200
b0.36 2207 280.33 21.30 21.40 aals
Blank
20.53 b0.89 273,51 2051 20.74 50 .
$0 )
20.53 b1.05 b59.31 b1.41 b0.62 150 ol
20.53 b1.09 27566 b0.34 b0.61 300 P
20.53 21.80 b70.46 20,68 21.06 600
20.53 b1.28 272.37 20.67 20.76 1200
ns 0.05 ns ns ns P-Value
0.075 0.78 11.39 0.91 0.69 L SDsv
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Table 11. Comparison of average biochemical traits under the influence of salinity in both cultivation

methods
AT I3l slee dao o e Hlos
. J5 g5l J 7 =S 8
(Mg/g) KB (Mylg) Syizs ks DPPH s i
. : Percentage of free (malg) (mg/g) s © Cultivation
Caffeic Chlorogenic dical inhibiti . Salinity level hod
radical inhibition Total flavonoids ~ Total phenol metho
DPPH treatment
b. /v ay /vy DALY /¥y /¥ Blank.als
/vy ooy /vy by [\ . /¥q o, /oAD 50
oL /yyy Boy /.y AAY/AA . /aFy b, /gAY 150
b, /yay do /vy - /aY RAVRRYS o, [qfs 300
. IysY By /A8 by /a0 b, [yas b, IAFY 600
. /vs SV BN/ Y . ooy b, /aas 1200 K
o9
/o5y 9. Jors oy /¥ b./yas . [D5Y 2000 .
e Jo¥s /8 by /5 . /o] o [yes 4000
o digey yY/VF RRIAINY b./yor 6000
VNS dip.s AT OLyey b./yav 75000
ofeve ofees o/ ns ns P-Value
o/ <10YY NYA NINE < IVYD LSDss,
4 /00 by s V5100 by /ey b/ Blankuxsls
o\ /OvA b, /Aq A0 B/ o, ve 50
oL /ovy By /105 Poa /vy 3\ /%\ b./sy 150
By /ove by/iqy /55 ¥\nt by/8y 300 o
dgeiy)
by /ovA 3 /A aby ., e by/sA /g 600 Explant
o /ovq by /YA YTy busv . /qy 1200
AN ns ns ns ns P-Value
ARLY Qs \Y/AY /54 C/YAA LSDsy,
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